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PEEFACB 


Although no clmn^es of no im}K>rtHnt a clumu'tor as thoso whicli 
<listiDguishe<l tlu* Vllth E«litioii of thi>{ iwKik fi'oiii the editions 
that had [)rece<ied it have U^en neee.ssitiited, yet a thorough and 
comph'te revision of the entire text has hetni niiule, and everything 
of importance to Microscopy wliich has transpired in the interval 
lais iH'en noted. Tliis applies to the tlu»ory of the initToscoj)e ns 
well as to its ns<\ 

We have ado[)te(l a classification of mici'OHcojxis that we hope 
may lx‘ of value many in the purchase of a stand, especially as we 
also |)oint out witli pleasure the great and sueci^ssfiil effortH which 
English, Continental, and Anierieaa makers have made within th(^ 
hust few years to supply g<MKl and usc»ful inicroHC*oiH>K at a greatly 
reduoe<l ju ice. 

Invaluable aid and sugg(‘stion hjive^en given me? by my friend 
Mr. E. M. N EfJSON, ex - Presi< li^ ^jyXH r RoyAL MiOROSCX^PICAL 
Society, to whom inygtJfhuk satire due. Mr. Autiiuh Rollbs 
Lee Iris rend<‘red unique s(»rviee in the s^K’tion dealing with the 
Prejmnition and Mounting of (Jbjei^ts ; and to Prof. E. Crook«imank 
I am indebted for valuable ami useful ludj). In tlie matter of the 
A[)plication of the Micr()s(*o|>e to Geological Investigation the 
Rev. Prof. T. Bonney, F.R.S., has la^en, fortunately, my valued co- 
a<ljutor. On the subjects of Micro-crystallisiition, Polarisation, and 
Molecular CcKilesceiice, I have received the exjxirt advice and help 
of Mr. W. J. Pope, F.I.C., F.C.S., iVe., Chemist to the Goldsmiths^ 
Technical InstituU?, wliose large |>nu?tical knowh^lge of this <lepart- 
raent of chemistry is wulely known. 

For the valued help of Prof. A. W. Benxett, M.A., B.Sc., 
Lecturer on Botfiny at »St. Thomas’s Hospitid, and of pROP. F. 
Jeffrey Bell, M.A., Professor of Comparative AnaU)my and 
Zoology, King’s College, London, I have, fis in the former Editioin 
to make my appreciative acknowledgments. 

It is hoped th/it this Edition may, as its predec.esHors have done, 
prove of pnictical help to many in understanding the scientific use 
of the microscope. 

W. H. DALLINGBR. 

Londor: March 1901. 


Erratum. — P»ge 133, elcrenth Hue from the bottouL, re«l *PUte IV.* oot til. 



PEEFACB 

TO 

THE SEVENTH EDITION 


The use of the Microscope, both as an instiannent of scientific i*esearch 
and as a means of affording pleasure and recreative instruction, has 
))ecome so widespread, and the instrument is now so fi-equently found 
in an expensive form capable of yielding in skilled hands good 
optical results, that it is eminently desirable that a ti*eatise should 
be within the reach of tlie student and the tii o alike, which would 
provide both with the elements of the thegry and principles involved 
in the construction of the instrument itself, the nature of its latest 
appliances, and the pro]Der comditions on which they can be em- 
ployed with the best results, Beyond this it should provide an 
outline of the latest and best modes of preparing, examining, and 
mounting objects, and glance, with this purpose in view, at what is 
easily accessible for the requirements of the amateur in the entire 
organic and inorganic kingdoms. 

This need has been for many years met by this book, and 
its six preceding editions have been an extremely gratifying evidence 
of the industry and erudition of its Author. From the beginning 
it opened the right path, and afforded excellent aid to the earnest 
amateur and the careful student. 

But the Microscope in its very highest form has become — so far 
at least as objectives of the most perfect construction and greatest 
useful magnifying power are concerned — so common that a much 
more accurate account of the theoretical basis of the instrument 
itself and of the optical apparatus employed with it to obtain the 
best results with ‘ high powers ’ is a want very widely felt. 

The advances in the mathematical optics involved in the con- 
struction of the most perfect form of the present Microscope have 
been very rapid during the last twenty years ; and the progress in 
the principles of practical construction and the application of theory 
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has, even since the last edition of this book was published, been so 
marked as to produce a revolution in the instrument itself and in its 
application. The new dispensation was dimly indicated in the last 
edition ; but it has effected so radical a change in all that apper- 
tains to Microscopy that a thorough revision of the treatment of 
this treatise was required. The great principles involved in the 
use of the new objectives and the interpretation of the images pre- 
sented by their means, are distinct and unique ; and unless these be 
clearly understood the intelligent use of the finest optical appliances 
now produced by mathematical and practical optics cannot be 
brought about. They have not rendered the use of the instrument 
more difficult — they have i-ather simplified its employment, provided 
the operator understand the general nature and conditions on 
which his Microscope should be used. If the modern Microscope be, 
as a mechanical instrument with its accompanying optical apparatus, 
as good as it can be, a critical image — a picture of the object having 
the most delicately beautiful character — is attainable with ‘low 
powers ’ and ‘ high powers ’ alike. Microscopists are no longer 
divisible into those who work with ‘ high powers ' and those who 
work with ‘low powers.^ No one can work properly with either 
if he does not understand the theory of their construction and the 
principles upon which to interpret the results of their employment. 
If he is familiar with these the employment of any range of magni- 
fying power is simply a question of care, experiment, and practice ; 
the principles applicable to the one are involved in the other. Thus, 
for example, a proper understanding of the nature and mode of 
optical action of a ‘ sub-stage condenser ’ is as essential for the very 
finest results in the use of a 1-inch object-glass as in the use of a 
2 mm. with N.A. 1*40 or the 2*5 mm. with N.A. 1*60, while it 
gives advantages not otherwise realisable if the right class of con- 
denser used in the right way be employed with the older 
or ii^ch achromatic objectives, and especially the j^^th inch 

and ^^(^th inch objectives of Powell and Lealand, of N.A. 1*50. 
Without comparing the value of the respective lenses, the best 
possible results in every case will depend upon a knowledge of the 
nature of the instrument, the quality of the condenser required by 
it, and its employment upon right principles. 

This is but one instance out of the whole range of manipulation 
in Microscopy to which the same principles apply. 

In its present form, therefore, a treatise of this sort, preserving 
the original idea of its Author and ranging from the theory and 
construction of the Microscope and its essential apparatus, embracing 
a discussion of all their principal forms, and the right use of each, and 
passing to a consideration of the best methods of preparation and 
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mounting of objects, and a review of the whole Animal, Vegetable, 
and Inorganic Kingdoms specially suited for microscopic purposes, 
must be essentially a cyclopaedic work. This was far more possible 
to one man when Dr. Carpenter began his work than it was even 
when he issued his last edition. But it is practically impossible 
now. It is with Microscopy as with every department of scientific- 
work — we must depend upon the specialist for accurate knowledge. 

In the following pages I have been most generously aided. In 
no department, not even that in which for twenty years I have 
been specially at work, have I acted without the coidial inteiest, 
suggestion, and enlightenment afforded by kindred or similar workers. 
Ill every section expei*ts have given me theii* unstinted help. 
To preserve the character of the book, however, and give it homo- 
geneity, it was essential that all should pass through one mind and 
be so presented. My work for many years has familiarised me, 
more or less, with every department of Microscopy, and with the 
great majority of branches to which it is applied. I have therefore 
given a common form, for which I take the sole responsibility, 
to the entire treatise. The subject might have been carried ovei- 
ten such volumes as this ; but we wei*e of necessity limited as 
to space, and the specific aim has been to give such a condensed 
view of the whole range of subjects as would make this treatise 
at once a practical and a suggestive one. 

The first five chapters of the last edition ai‘e represented in this 
edition by seven chapters ; the whole matter of these seven chaptei's 
has been re-written, and two of them are on subjects not treated in 
any former edition. These seven chapters represent the experience 
of a lifetime, confirmed and aided by the advice and practical help 
of some of the most experienced men in the world, and they may be 
read by any one familiar with the use of algebraic symbols and the 
practice of the rule of three. They are not in any sense abstruse, 
and they are everywhere pi-actical. 

In the second cliapter, on The Principles and Theory of Vision 
with the Compound Microscope, so much has been done during the 
past twenty years by Dr. Abbe, of Jena, that my first desire was to 
induce him to summarise, for this treatise, the results of his twenty 
years of unremitting and marvellously productive labour. But the 
state of his health and his many obligations forbade this ; and at 
length it became apparent that if this most desirable end were to 
be secured, I must re-study with this object all the monographs of 
this author. I summarised them, not without anxiety ; but that was 
speedily removed, for Dr. Abbe, with great generosity, consented to 
examine my results, and has been good enough to write that he has 
^ read [my] clear expositions with the greatest interest ; ^ and, after 
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words which show his cordial friendliness, he says : ‘ I find the whole 
. . . much moi e adequate to the purposes of the book than I should 
have been able to write it. . . . I feel the gi*eatest satisfaction in 
seeing my views repiesented in the book so extensively and inten- 
sively.’ 

These words are more than generous ; but I quote them here 
in order that the reader may be assured of the accuracy and 
efficiency of the account given in the following pages of the invalu- 
able demonsti*ations, theories, and explanations pi*esented by Dr. 
Abbe on the optical principles and practice upon which the recent 
improvement in the construction of microscopical lens systems has 
so much depended. 

It will not be supposed that I implicitly coincide with evei-y 
detail. Dr. Abbe is too sincere a lover of independent judgment 
to even desire this. But it w.as impoi*tant that his views as such 
sliould be found in an accessible English form ; in that form I have 
endeavoured to present them ; and in the main there can be no 
doubt whatever that these teachings are absolutely incident with 
ffict and expei ience. In details, as may appear here and there in 
these pages, especially where it becomes a question of practice, I may 
diffei* as to method, and even inteiqDretation, from this distinguished 
master in Mathematical Optics. But our differences in no way affect 
the great 2 )rinciples he has enunciated or the comprehensive theory 
of microscopical vision he has with such keen insight laid down. 

In pi*epaiing the I'emainder of the se^'en new chaptei’s of this 
book I have sought and, without hesitancy, obtained advice and 
the advantage of the support of my own judgment and experience 
from many competent men of science, who have shown a sincere 
interest in my work and have aided me in my endeavouis. But 
first on the list I must place my friend Mr. E. M. Nelson. Our 
lines of expei ience with the Microscope have l un parallel for many 
years, although the subjects of our study have been wholly different ; 
but the advantages of his suggestion, confirmation, and help have 
been of constant and inestimable value to me. He placed his know- 
ledge, instruments, and experience at my disposal, fully and without 
limit or condition ; and his exceptional skill in Photo-micrography 
has enabled me to add much to the value of this book. 

To Count Castracane I am indebted for valuable suggestions 
regarding the Diatomacea3, to be used at my discretion ; to Dr. 
VAN Heurck I am also under much obligation for his coui*tesy in 
preparing Plate XI. of this book, giving some of his photo-micro- 
graphic work with the new object-glass of 2*5 mm. N.A. 1*60. 
The full description of this plate is given, with some critical remarks, 
in the General Description of Plates, g To the late and deeply 
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lamented Dr. H. B. Brady, F.K.S., 1 am under obligation for 
valuable suggestions regaining the Foraminifera. 

From Dr. Hudson I have received cordial aid in dealing with 
his special subject, the Botifera ; and to Mr. Albert Michael 1 am 
under equal obligation for liis assistance in I'egard to the Ac.arina. 

Mr. W. T. Suffolk gave me his most welcome judgment and 
advice regarding my chapter on Mounting, and I received also the 
suggestions of Mr. A. Cole with much pleasure and advantage. 
I have received help from Dr. A. Hill, of Downing College, 
Cambridge, and from Professor J. N. Langley, of Trinity College, 
Cambridge — fi*om both of whom special pi*ocesses of preparation 
for histological woik were sent. 

Mr. Frank Crisp, with characteristic generosity, aided me much 
by suggestions of special and practical value ; and Mr. John Mayall, 
jun., the present Secretary of the Royal Microscopical Society, has 
been untiring in his willingness to furnish the aid whicli his influence 
was able to secure. 

To Professor W. Hicks, F.B.S., Piancipal of Firth College, 
Sheffield, I am indebted for tlie revision of special slieets ; so also I 
owe acknowledgments to Dr. Henry' Clifton Sorby, F.B.S., and to 
Dr. Groves, as well as to otliers, whose suggestions, advice, oi’ con- 
firmation of my judgments have been much esteem(*d ; and prominent 
amongst these are Professor Alfred W. Bennett, B.Sc., and Professor 
F. Jeffrey Bell, M.A., whose constant advice in their departments 
of Biology 1 have received throughout ; while in Mici’o-geologic‘al 
subjects I have been aided by the suggestions and exjjerience of 
Professor J. Shearson Hyland, D.Sc. 

It will be obsei'ved that every endeavour has been made to 
bi’ing each of the many subjects discussed in this book into conformity 
with the most recent knowledge of experts. Many of the sections, 
in fact, have been wholly rewritten and illustrated from new and 
original sources ; this may be seen in the sections on the Histoi’y 
as well as the Construction and Use of the Microscope and its appli- 
ances, as also in those on Diatomacete, Desmids, Saprophytes, 
Bacteria, Botifeia, Acarina, and in the chapters on Microscopic 
Geology and Mineralogy. To the same end nineteen new plates 
have been prepared and 300 additional woodcuts, many of which 
are also new, and for the use of the majoiity of those which are 
not so, I am indebted to the Editors and Secretary of the Royal 
Microscopical Society. 

There certainly never was a time when the Microscope was so 
generally used as it now is. With many, os already stated, it is simply 
an instrument employed for elegant and instructive relaxation and 
amusement. For this therj can be nothing but commendation, but it is 
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desirable that even this end should be sought intelligently. The social 
influence of the Microscope as an instrument employed for recreation 
and pleasure will be greater in proportion as a knowledge of the 
general principles on which the instrument is constructed are known, 
and as the principles of visual interpretation are understood. The 
interests of these have been specially considered in the following 
pages ; but such an employment of the Microscope, if intelligently 
pursued, often leads to more or less of steady endeavour on the part 
of amate Ill's to understand the instrument and use it to a purpose 
in some special work, however modest. This is the reason of the 
great increase of ^ Clubs ' and Societies of various kinds, not only in 
London and in the provinces, but throughout America ; and these 
are doing most valuable work. Their value consists not merely in the 
constant accumulation of new details concerning minute vegetable 
arid animal life, and the minute <letails of larger forms, but in the 
constant improvement of the quality of the entire Microscope on its 
optical and mechanical sides. It is largely to Amateur Microscopy 
that the desire and nmtive for the great impi'ovements in object-glasses 
and eye-pieces for the last twenty years are due. The men who have 
compared the qualities of respective lenses, and have had specific ideas 
as to how these could become possessed of still higher qualities, have 
been comparatively rarely those who have employed the Microscope 
for professional and educiitional purposes. They have the lather 
simply used — employed in the execution of their professional woi*k 
— the best with which the practic«il optician could supply them. 
] t has been by amateur microscopists that the opticians have been 
incited to the production of new and improved objectives. But it 
is the men who work in our biologicjil and medical schools that 
ultimately reap the immense advantage — not only of greatly im- 
proved, but in the end of greatly cheapened, object-glasses. It is 
on this account to the advantage of all that the amateur micro- 
scopist should have within his reach a handbook dealing with the 
principles of his instrument and his subject. 

To the medical student, and even to the histologist and patho- 
logist, a ti-eatise which deals specifically with the Microscope, its 
principles, and their application in practice, cannot fail, one may 
venture to hope, to be of service. 

This book is a practical attempt — the I’esult of large experience 
and study — to meet this want in its latest foi*m ; and I sincerely 
desire that it may prove useful to many. 

W. H. DALLINGER. 

London : 1891. 
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FEONTISPIECE 

Fig. 1. X () diameters. Horizontal and transverse section of an orbitolite. 

Fig. 2. An imperfect or uncritical image of the minute hairs on the lining 
membrane of the extremity of the proboscis of the blow-fly x 510 diams., taken 
with a Zeiss apochromatic ^-inch objective of *95 N.A. x 3 projection eye-piece ; 
but it was illuminated by a cone of small angle, viz. of OT N.A., and illustrates 
the unadvisability of small cones for illumination. 

The first obvious feature in the picture is the doubling of the hairs which 
are out of focus ; but the important difference lies in the bright line with a 
dark edge round the hairs which are precisely in focus. This is a diffraction 
effect which is always present round the outlines of every object illuminated 
by a cone of insufficient angle. Experiment shows that this diffraction line 
always ceases to be visible when the aperture of the illuminating cone is equal 
to about two-thirds the aperture of the objective used : but it will become 
again distinctly apparent when the aperture of the cone is reduced less than 
half that of the objective. 

Fig. 3. X 510 diams. A correct or critical image of the minute hairs on the 
lining membrane of the extremity of the blow-fly’s proboscis. In this picture 
the focus has been adjusted for the long central hair. It will be observed that 
this hair is very fine and spinous ; it has not the ring socket which is common 
to many hairs on insects, but grows from a very delicate membrane, which in 
the balsam mount is transparent. This photograph was taken with a Zeiss 
apochromatic ^ of *95 N.A. x 3 projection eye-piece. The illumination was 
that of a large solid axial cone of *65 N.A. from an achromatic condenser, the 
source of light being focussed on the object. 

Fig. 4. Section of cerebellum of a lamb, x 77 diams., by apochromatic 1-inch 
*3 N.A. This preparation was courteously supplied to the present Editor by Dr. 
Hill, whose imbedding and staining processes for these tissues it beautifully 
illustrates. 

Fig. 5. Amphipleura pellucida x 1860 diams., by apochromatic ^ 1*4 N.A. 
illnminated by a very oblique pencil in one azimuth along the valve. 

Fig. 6. A hair of Polyxenus lagurus, a well-known and excellent test object 
for medium powers x 490 diams. by apochromatic J *95 N.A. 

Fig. 7. A small vessel in the bladder of a frog, prepared with nitrate of 
silver stain, showing endothelium cells, x 40 diams., by Zeiss A. *2 N.A. This 
object has been photographed for the purpose of exposing the fallacy which 
underlies the generally accepted statement that ‘ low-angled ’ glasses are the 
most suitable for histological purposes. The supposition that it is so has 
been founded on the fact that the penetration of a lens varies inversely as its 
aperture ; therefore, it is said, a ‘ low-angled ’ glass is to be preferred to a 
wide-angled one, because ‘ depth of focus,’ which is supposed to enable one to 
see into tissues, is the end in view. 

On carefully examining this figure it will be noticed that it is almost 
impossible to trace the outline of any particular endothelium-cell because its 
image is confused with that of the lower side of the pipe. In a monocular 
microscopical image a perspective view does not exist ; it is better, therefore, to 
use a wide-angled lens, and so obtain a clear view of a thin plane at one time, 
and educate the mind to appreciate solidity by means of focal adjustment. It 
will be admitted that unless one approaches fig. 7 with a preconceived idea of 
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what an endothelium-cell is like, the knowledge gained of it will be small 
indeed. 

Fig. 8 represents the same structure, x 138 diams., by an apochromatic 
5 ’65 N.A. Here only the upper surface of the pipe is seen, so that the out- 
line of the endothelium-cells can be clearly traced. The circular elastic tissue 
is also displayed. There is, moreover, an increased sharpness over the whole 
picture, due to the greater aperture of the objective. 

PLATE I 

Fig. 1. The inside of a valve of Pleurosigma angulatum, showing a 
‘ postage-stamp ’ fracture, x 1750 diams., with an apochromatic 1*4 N.A. by 
Mr. T. F. Smith, and illustrating his view of the nature of the Pleurosigma 
valve. 

Fig. 2. The outside of a valve of Pleurosigma angulatum, showing a dif- 
ferent form of structure, x 1750 diams., with an apochromatic ^ 1*4 ^.a. by 
Mr. T. F. Smith. These two photo -micrographs demonstrate the existence of at 
least two layers in the angulatum. 

Fig. 3. Coscinodiscus asteromphalus, x 110 diams., with an apochromatic 
1-inch *3 N.A. 

Fig. 4. A portion of the preceding, x 2000 diams., to show the lacework 
inside the areolations. This lacework is believed to be a perforated structure, 
as a fracture passes through the markings. In the central areolation there 
are forty-six smaller perforations surrounded by a crown of fifteen larger ones.' 
Photographed with an apochromatic i 1*4 N.A. 

Fig. 5. Aulacodiscus Kittonii, x 270, by an apochromatic 1-inch *3 N.A. 

Fig. 6. A' small portion in the centre of an Aulacodiscus Sturtii, x 2000, 
by an apochromatic ^ 1*4 N.A. Broadly speaking, the difference between the 
Coscinodisci and the Aulacodisci lies in the fact that in the former the 
secondary structure is inside the primary, while in the latter it is exterior to it. 
This definition, however, is not strictly accurate, as it is believed that the tine 
perforated structure covers the entire valve, it being only optically hidden by 
the primary structure. 

The whole of these demonstrations were photographed for the present 
Editor by his friend E. M. Nelson, Esq., and have been reproduced from the 
negatives by a process of photo printing. 

PLATE II. (Facing p. 274) 

ARRANGEMENT OF THE MICROSCOPE WITH A STAND FOR THE MICROMETER 

BYE-PIECE, TO SECURE STEADINESS AND ACCURACY IN MEASUREMENT 

PLATE III. (Facing p. 286) 

ARRANGEMENT OF THE MICROSCOPE AND ACCESSORIES FOR THE EMPLOY- 
MENT OF THE CAMERA LUCIDA 

PLATE IV. (Facing p. 334) 

THE METHOD OF USING THE SILVER SIDE REFLECTOR OR PARABOLOID 

PLATE V. (Facing p. 410) 

METHOD OF USING DIRECT TRANSMITTED LIGHT WITHOUT THE 
EMPLOYMENT OF THE MIRROR 

Plates II. to V. are engraved from photographs, taken at the request of 
the Editor by Mr. E. M. Nelson, from the arranged instruments. 

‘ A section of this diatom will be found in the Transactions of the County of 
Middlesex Natural History Society for 1889, Plate I. fig. 2. 
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PLATE VI. (Facing p. 550) 

SEXUAL GENERATION OF VOLVOX GLOBATOR. (After Cohn) 

Fig. 1. Sphere of Volvox globator at the epoch of sexual generation : a, 
sperm-cell containing cluster of antherozoids ; sperm-cell showing side- 
view of discoidal cluster of antherozoids ; a^, sperm cell whose cluster has 
broken up into its component antherozoids ; a\ sperm-cell partly emptied by 
the escape of its antherozoids; bb, flask-shaped germ-cells showing great 
increase in size without subdivision ; b’^, b'^, germ-cells with large vacuoles in 
their interior ; b'\ germ-cell whose shape has changed to the globular. 

Fig. 2. Sexual cell, a, distinguishable from sterile cells, 6, by its larger 
size. 

Fig. 3. Gerni-cell, with antheroids swarming over its endochrome. 

Fig. 4. Fertilised germ-cell, or oosphere, with dense envelope. 

Fig. 5. Sperm-cell, with its contained cluster of antherozoids, more 
enlarged. 

Figs. 6, 7. Liberated antherozoids, with their flageha. 

PLATE VII. (Facing p. 553) 

OSCILLARIACEiE AND SCYTONEMACEA: 

Fig. 1. Lyngbya (estuarii, Lieb. x 160. 

Fig. 2. Spirulina Jenneri, Ktz. x 400. 

Fig. 3. Tolypothrix cirrhosa^ Carm. x 400. 

Fig. 4. Oscillaria insiqnis, Thw. x 400. 

Fig. 5. 0. Frolicliii, Ktz. x 400. 

Fig. 6. 0. tencrrima, Ktz. x 400. 

These figures aie after Cooke. 

PLATE VIII. (Facing p. 554) 

DESMIDIACK^E, RIVULARIACEJE, AND SCYTONEMACEiE 
Fig. 1. Zygosperm of Micrasterias dcnticiolata, Breb. (After Ralfs.) 

Fig. 2, Cosmarium Brebissonii, Men. (After Cooke.) 

Fig. 3. Etiastruiii pcctinatumt Br6b. (After Ralfs.) 

Fig. 4. Zygosperm of Staurastrum hirsuticvi, Br6b. (After Ralfs.) 

Fig. 5. S. gracile, Ralfs. (After Cooke.) 

Fig. 6. Xanihidium aculcatum, Ehrb. (After Ralfs.) 

Fig. 7. Rivularia dura, Ktz. (After Cooke.) 

Fig. H. R. dura, Ktz. x 400. (After Cooke.) 

Fig. 9. Seyto7iema uatans, Breb. x 400. (After Cooke.) 

Fig. 10. Staurastrum liirsutum, Breb. (After Cooke.) 

PLATE IX. (Facing p. 580) 

DESMIDIACEiE 

Fig. 1. Micrasterias crux-vielitensis, Ehrb. (After Cooke.) 

Fig. 2. Closterium setaceum, Ehrb. (After Cooke.) 

Fig. 3. Desmidiwn Swartzii, Ag. (After Cooke.) 

Fig. 4. Penium digittcs, Ehrb. (After Cooke.) 

Fig. 5. P. digitus, Ehrb. (transverse view). 

Fig. 6. Spirotcenia condensata, Br6b. (After Cooke.) 

Fig. 7. Docidium baculum, Br6b. (After Cooke.) 

Fig. 8. Oonatozygon Brebissofiii, De Bary, conjugating. (After Cooke.) 
PLATE X. (Facing p. 593) 

PLEUROSIGMA ANGULATUM 

This is a direct photo-micrograph, taken by Dr. R. Zeiss, as magnified 4900 
diameters. We direct atlkxtion specially to it as giving evidence of the pre- 
sence (however originatett) of the intercostal markings, which may be seen 
with considerable clearness on the right-hand side of the midrib and in the 
middle of the valve. 
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PLATE XL (Facing p. 594) 

This plate has a twofold purpose. It is designed, first, to justify the 
opinions held by Dr. Henry van Heurck upon the structure of the valves of 
diatoms, and also to show how the usual microscopical tests present them- 
selves when examined with the new objective with N.A. 1*60, lately constructed 
by the firm of Zeiss. This objective is believed by Dr. van Heurck to realise 
what he considers the highest results of photographic optics, which in his 
judgment could only be surpassed by finding a new immersion liquid of still 
higher refractive index presenting all the necessary qualities, and which at the 
same time would not affect the very delicate Hint of which it is necessary to 
make the front lens of this objective. Thi^f^ medium he hopes may be some day 
realised. Unfortunately, up to this time, no indication permits us to foresee 
the discovery of the liquid desired. 

The following is the way in which Dr. Henry van Heurck summarises his 
ideas upon the structure of the valve : — 

1. The valve of diatoms ‘ is formed by two membranes or thin plates and 
by an intermediate septum. By this he understands a plate pierced with 
openings. The superior membrane, often very delicate, may be destroyed 
in the treatment by acids in the washings, by rubbing, Ac. It is possible also 
that it sometimes only exists in a very rudimentary state. The majority of 
the students of diatoms agree in believing that these membranes may be suf- 
ficiently permeable to permit of exchange by endosmose between the contents 
of the valve and the surrounding outer water, but that these membranes have no 
real openings so long as the diatom is living and intact. 

2. When the openings of the septum are disposed in alternate rows, then 
they take an hexagonal form. When in perpendicular rows then the openings 
are square or elongated. The hexagonal form, which is besides so frequent in 
nature, seems to be the typical form of the openings of the septum, and it 
is found most frequently when the valve is large, destitute of consolidated 
sides, and must offer resistance to outside agents. Even in the forms of the 
square openings we see very frequently deviations and returns to the hexagonal 
type upon certain parts of the valve. It is possible that the septa may be 
sometimes composed of many layers, placed one above another, formed succes- 
sively and closely united ; but up to this time we have no proof of it, neither 
have we met with any form presenting layers placed one above another. 

Such, in brief, is the view held by Dr. van Heurck as an interpretation of 
our present knowledge of the structure of the valve of the diatoms. We give 
now a description of the objects represented on the plate. 

Figs. 1, 2, 3. Amphiplcura lyelUicida, Kutz, 1 and 2, valve resolved into 
pearls. Fig. 2 x 2000 diams. Fig. 1 x 3000 diams. Fig. 3. Valve resolved 
in stria) at about 2300 diams. 

Fig. 4. AmpMpleura Lindheimeri, Gr., x 2500 diams. 

Fig. 5. Pleiirosiqma ang^llatu7n, in hexagons, x (about) 10,000 diams. 

Fig. 6. Idem x 2000 diams., illusory pearls which are formed by the angles 
of the hexagonal cells when the focussing is not perfect. 

Fig. 7. The nineteenth band of Nobert’s test plate. This photo-micro- 
graph has been made exceptionally with the apochromatic of 1*4 N.A. 
The lines being traced upon a cover in crown-glass, the objective of N.A. l-fi 
cannot be used here. 

Fig. 8. Surirella gemma, Ehrb. x (about) 1000 diams. 

Fig. 9. Van Hcurckia crassinervis, Br6b. (Frustulia saxonica, Kabh) x 2000 
diams. 

All the photo-micrographs (except fig. 7) have been done with the new 
inch N.A. 1*60 of MM. Zeiss. 

These micro -photographs have been produced by sunlight in a monochro- 
matic form, the special compensating eye-piece 12, and the Abbe condenser of 
N.A. 1-6. 

^ ‘ The Structure of the Valve of Diatoms’ in Records of the Belgian Society, 
v. xiii. 1890. 
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Covers and slides in flint of 1*72 ; diatoms in a medium 2*4. 

We are bound, however, to note that the condenser used is not corrected in 
any way ; its aberrations are enormous. Although the highest admiration must 
be expressed for the skill exercised by Dr. van Heurck in these remarkable 
photo-micrographs, and the highest esteem for his courtesy to the present Editor 
in supplying them, it must not be forgotten that Dr. van Heurck was obliged 
to employ an imperfect condenser — a condenser absolutely uncorrected — and 
although we can testify to the high quality and fine corrections of at least one 
of the lenses of N.A. l-O, we are convinced that much of its real perfection 
in image-forming is destroyed by uncorrected sub-stage illumination. Upon 
the corrections and large aplanatic area presented by the condenser and its 
careful and efficient employment depends entirely the nature of the image 
presented by the finest objective ever constructed ; and as the perfection of the 
objective, with a high amplification and a great aperture, is more nearly 
approached, the more dependent are we upon perfect corrections in the con- 
denser to bring out the perfect image-forming power of the objective. No 
image formed by such an objective as that possessing N.A. 1*60 can be consi- 
dered reliable until a condenser corrected for all aberrations like the objective 
itself is produced ; and so convinced are we of the possible value of this objec- 
tive that we trust its distinguished deviser and maker may be soon induced to 
produce the condenser referred to. 

If, then, by the aid of the chemist we can discover media which will be 
of sufficiently high refractive index, and still tolerant or non-injurious to 
organic tissues immersed in it, a new line of investigation may be open to 
histology and pathology.— W. H. D. 


PLATE XII. (Facing p. 597) 

ARACHNoiDiscus JAPONKJUs. (After R. Beck) 

The specimens attached to the surface of a seaweed are represented as 
seen under a ^th objective, with Lieberkuhn illumination : A, internal 
surface ; B, external surface ; C, front view, showing incipient subdivision. 


PLATE XIII. (Facing p. 651) 

BACTERIA, SCHIZOMYCETES, OR FISSION FUNGI 

1. Cocci singly and varying in size. 2. Cocci in chains or rosaries (strepto- 
coccus). 3. Cocci in a mass (staphylococcus). 4 and 5. Cocci in pairs 
(diplococcus). 6. Cocci in groups of four (merismopedia). 7. Cocci in packets 
(sarcina). 8. Bacterium termo. 9. Bacterium temw x 4000 (Dallinger and 
Drysdale). 10. Bacterium se^Uiccemice hcemorrhagicce. 11. BacW^ium pneu- 
monicB crouposcs. 12. Bacillus subtilis. 13. Bacillus murisepticus. 14. 
Bacillus diphtherice. 15. Bacillus typhosus (Eberth). 16. Spirillum undula 
(Cohn). 17. Spirillum volutans (Cohn). 18. Spirillum cholercB AsiaticcB. 
19. Spirillum Ohermeieri (Koch). 20. Spirochceta plicatilis (Flugge). 21. 
Vibrio rugula (Prazmowski). 22. Cladothrix FOrsteri (Cohn). 23. Cladothrix 
dichotoma (Cohn). 24. Monas OJcenii (Cohn). 25. Monas Warmingii (Cohn). 
26. Rhabdommas rosea (Cohn). 27. Spore-formation (Bacillus alvei), 28. 
Spore-formation (Bacillus anthracis), 29. Spore -formation in bacilli cultivated 
from a rotten melon (Frankel and Pfeiffer). 30. Spore-formation in bacilli 
cultivated from earth (Frankel and Pfeiffer). 31. Involution-form of Crenothrix 
(Zopf). 32. Involution-forms of Vibrio serpens (Warming). 33. Involution- 
forms of Vibrio rugula (Warming). 34. Involution-forms of Clostridium 
polymyxa (after Prazmowski). 35. Involution-forms of Spirillum cholercB 
Asiaticce. 36. Involution-forms of Bacteritcm aceti (Zopf and Hansen). 
37. Spirulina-form of Beggiatoa alba (Zopf). 38. Various thread-forms of 
Bacterium merismopedioides (Zopf), 39. False-branching of Cladothrix (Zopf). 

a 
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PLATE XIV. (Facing p. 664) 

PURE-CULTIVATIONS OF BACTERIA 

Fig. 1. In the depth of Nutrient Gelati'>w. A pure-cultivation of Koch’s 
comma-bacillus {Spirilhun cholerce Astaticre) showing in the track of the 
needle a funnel-shaped area of liquefaction enclosing an air-bubble, and a 
white thread. Similar appearances are produced in cultivations of the comma- 
bacillus of Metchnikofi'. 

Fig. 2. On the surface of Nutrient Gelatine. A pure-cultivation of Bacillus 
typhosus on the surface of obliquely solidified nutrient gelatine. 

Fig. 3. On the surface of Nutrient Agar-agar. Pure-cultivation of Bacillus 
tndicus on the surface of obliquely solidified nutrient agar-agar. The growth 
has the colour of red sealing-wax, and a peculiar crinkled appearance. After 
some days it loses its bright colour and becomes purplish, like an old cultiva- 
tion of Micrococcus prodigiosus. 

Fig. 4. On the surface of Nutrient Agar-agar. A pure-cultivation obtained 
from an abscess (Staphylococcus pyogenes aureus). 

Fig. 5. On tlu‘ surface of Nutrient Agar-agar. A pure-cultivation obtained 
from green pus (Bacillus pyocyaneiis). The growth forms a whitish, transparent 
layer, composed of slender bacilli, and the green pigment is diffused throughout 
the nutrient jelly. The growth appears green by transmitted light, owing to 
the colour of the jelly behind it. 

Fig. 6. On the surface of Potato. A pure-cultivation of the bacillus of 
glanders on the surface of sterilised potato. 

PLATE XV. (Facing p. 756) 

COMPLETE LIFE-HISTORIES OF TWO SAPROPHYTES 
(Drawn from nature by Dr. Dallinger) 

PLATE XVI. (Facing p. 763) 

The various stages of the development of the nucleus in two saprophytic 
organisms, as studied with recent homogeneous and apochromatic objectives 
both in the several stages of fission and genetic fusion, indicating karyoki- 
nesis, and proving, as established in detail by the text, that all the steps in 
the cyclic changes of these unicellular forms are initiated in the nucleus before 
being j^articipated m by the whole body of the organism. (Drawn from nature 
by Dr. Dallinger.) 


PLATE XVII. (Facing p. 702) 

ROTIIER^ 

Fig. 1. Floscularia canipanulata. 

Fig. 2. Stcphanoccros Eichhornii 
Fig. 3. Melicerta ringens. 

Fig. 4. Pedalion mirum (side view). 

Fig. 5. P. mirum (dorsal view, showing muscles). 

Fig. 6. Copeus cerberus (side view). 

Fig. 7. Philodina aculeata (side view, corona expanded). 

Fig. 8. Male of Pedalion mirum. 

All these figures, save fig. 2, are reduced to scale from the beautiful plates 
in Hudson and Goss’s Rotifera. 

PLATE XVIII. (Facing p. 797) 

FORAMINIFERA 

Fig. 1. Miholina seminulum (a and 5, lateral aspects). 

Fig. 2. Alveohna Boscii (a, lateral aspect ; 6, longitudinal section). 
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Fig. 3. Astrorhiza limicola (a, lateral aspect ; &, portion of the test more 
highly magnified, showing structure). 

Fig. 4. Haliphysema Tumanoioiczii, showing the pseudo -poly thalamous foot. 

Fig. 5. Ibid, (group of specimens in situ), 

Fig. 6 . Haplophragmium agglutinans (a, lateral aspect; 6, longitudinal 
section). 

Fig. 7. H. nanum (a, superior aspect; 6, peripheral aspect). 

Fig. 8 . Textularia gramen {a, lateral aspect ; b, oral aspect). 

Fig. 9. T. gramen (peripheral aspect). 

Fig. 9<2. Pavonina Jiabelliformis (a, lateral aspect ; b, oral aspect). 

Fig. 10. Buhninia spinulosa. 

Fig. 11. CJiilostomeila ovoidea (a and b, lateral aspects ; c, specimen 
mounted in Canada balsam and seen with transmitted light). 


PLATE XIX. (Facing p. 799) 

FORAMINIFERA 

Fig. 12. Lagcna sulcata. 

Fig. 13. L. sulcata. 

Fig. 14. L. sulcata. 

Fig. 15. h. sulcata (a, lateral aspect; 6, oral aspect). 

Fig. 16. Nodosaria raphanus. 

Fig. 17. Cristellaria calcar (a, 6, c, lateral aspects). 

Fig. 18. Bamulina globulifera. 

Fig. 19. It. globuhfera. 

Fig. 20. Glohiqcrina bulloides (var. triloba, pelagic specimen). 

Fig. 21. Cr. bulloides (a b, c, adult typical shell). 

Fig. 22. Rotalia Beccarii. 

Fig. 23. Polystomella craticulata. 

Fig. 24. Amplmteglna Lessonii (a, superior lateral aspect ; 6, inferior lateral 
aspect ; c, peripheral aspect). 

Fig. 25. Nummulites Icevigata (b, lateral aspect ; c, vertical section). 

Fig. 26. Portion of Orbitoides nummuUtica. ^ 


PLATES XX, XXI, XXII 

A(J ARINA 

All the figures, except fig. 4, Plate XXII., are copied from plates drawn by 
Mr. A. D. Michael, F.L.S., &c. by the kind permission of the respective 
societies that jiublished them. Figs. 1 to 6, Plate XX., and 1 to 3, Plate 
XXI., are from ‘ British Oribatidie,’ published by the Ray Society ; fig. 7, Plate 

XX. , from the ‘Journal of the Linnean Society ; ’ fig. 4, Plate XXI., and fig. 3, 
Plate XXII., from the ‘ Journal of the Royal Microscopical Society ; ’ fig. 5, Plate 

XXI. , and figs. 1 and 2, Plate XXII., from the ‘ Journal of the Quekett Micro- 
scopical Club.’ Fig. 4, Plate XXII., is drawn after Fiirstenberg by the Editor. 


PLATE XX. (Facing p. 1008) 

ORIBATIDiE 

Fig. 1. Anatomy of Nothrus tJieleproctus (male, dorsal aspect, x about 60). 
The dorsal portion of the chitinous exo-skeleton, and the fat and muscles 
which underlie it, have been removed from the abdomen. The internal organs 
are shown protruding, as they usually do when the creature is opened, as 
though they were too large to be contained in the ventral exo-skeleton. Part 
of the cbsophagus is seen at the top (the brain having been removed). The 
preventricular glands (brown) lie on each side of the (esophagus. The ventri- 
culus is coloured pink ; part of it and the whole of the casca are covered with 
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botryoidal tissue (yellow). The testes (white shaded with blue) show at the 
sides protruding from beneath the alimentary canal. 

Fig. 2. HoplopJiora niagna (female, lateral aspect, x about 50). The chitin 
at the side and the fatty tissue and muscles have been removed. Alimentary 
canal pink ; caeca of the ventriculus spotted ; preventricular glands brown ; 
supercoxal gland white ; its vesicles yellow ; expul sory vesicle, between 
supercoxal and ovaries, grey ; ovary and oviducts white shaded with blue and 
yellow. The genital and anal plates are open, and the genital suckers pro- 
truding. One maxilla, white, is seen between the legs. 

Fig. 3. Tegeocramis latus (female, dorsal aspect, x about 55). Dorsal 
exo-skeleton, fatty tissue, and muscles removed. Same colours as before. 
Brain (between preventricular glands) blue grey. Mandibles seen from above 
and behind, their retractor muscles cut short. The tracheae, which are present 
in this species, are seen proceeding to their stigmata in the acetabula of the 
legs. 

Fig. 4. Female genital organs of Grplieus tegeocranus ( x about 25), Vigt. 
Central Ovary, oviducts with eggs, vagina, and ovipositor. 

Fig. 5. The same of Daymens geniculatns ( x about 20). The genital plates 
and the muscles and (endons which move them, arid the genital suckers, are 
shown. 

These two figures are reduced from the originals. 

Fig. G. Nymph (active pupal stage) of Tegeocranus liericms ( x about 100) 
(carrying its cast dorsal skins). 


TYROGLYPHID^ 

Fig. 7. Hypopial (tra\elling) nymph of Rhizoglyplms Eobini (ventral 
aspect, X 100). 


PLATE XXI. (Facing p. 1010) 

OKIBATID^: 

Fig. 1. Leiosoma palmichictuni (x about 40). 

Fig. 2. Nymph of same species, fully grown ( x about 55). The central 
ellipse with the innermost set of scales attached is the cast larval dorsal 
abdominal skin. The other rows of scales belong to the successive nympha- 
skins. 

Fig. 3. One of the scales more highly magnified. 

CHEYLETIDiE 

Fig. 4. Rostrum and great raptorial palpi, with their appendages of Chey- 
letm venustissimm ( x about 150). 


MYOBIIDiE 

BTg. 5. Myobia chiropteralis (female, x about 125). 


PLATE XXII. (Facing p. 1012) 

Claw of first leg of same species, being an organ for holding the hair of 
the bat. 

GAMASIDAi: 

Fig. 2. Oamasus terribilis (male, x 30). A species found in moles’ nests. 

ANALGIN.® 

Fig. 3. Freyana heteropics (male, x about 95, a parasite of the cormorant). 
Fig. 4. Sarcoptes scabiei (the itch mite, x about 150, adult female). 
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CHAPTER I 

ELEMENTABY PBINCIPLE8 OF MICBOSCOPICAL OPTICS 

To be the owner of n well-cliosen and admirably equipped mic7*o- 
scope^ and even to have learnt the general purpose and relations of 
its parts and appliances, is by no means to be a master of the in- 
strument, or to be able to employ it to the full point of its 
efficiency even with moderate magnifying powers. It is an instru- 
ment of precision, and both on its mechanical and optical sides 
requires an intelligent understanding of p) inciples before the best 
optical results can be invariably obtained. 

We may be in a position, with equal facility, to buy a high-class 
microscope and a high-class harp ; but the mere possession makes 
us no more a master of the instrument in the one case than the 
other. An intelligent understanding and experimental training are 
needful to enable the owner to use either instrument. In the case 
of the microscope, for the great majority of purposes to which it is 
applied in science, the amount of study and experimental training 
needed is by comparison incomparably less than in the case of the 
musical instrument. But the amount required is absolutely essen- 
tial, the neglect of it being the constant cause of loss of early enthu- 
siasm and not infrequent total failure. 

In the following pages we propose to treat the elementary 
principles of the optics of the microscope in a practical manner, not 
merely laying down dogmatic statements, but endeavouring to show 
the student how to demonstrate and comprehend the application of 
each general principle. But in doing this we are bound to re- 
member a large section of the readers who will employ this treatise, 
and to so treat the subject that all the examples given, or that may 
be subsequently required by the ordirary microscopist, may be 
worked out with no heavier demand upon mathematics than the 
employment of vulgar fractions and decimals. 

In like manner, although we shall again and again employ the 
trigonometrical expression ‘ sine,’ its use will not involve a mathe- 
matical knowledge of its meaning. The sines of angles may be 

B 
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found by published tables. A table to quarter degrees is given in 
Appendix A of this book, which will, in the majority of crises, 
suffice ; it is not difficult to find such tables as may be required.^ 

Of course it is more than desirable that the microscopist should 
have good mathematical knowledge ; but there are many men who 
desire to obtain a useful knowledge of the principles of elementary 
optics who are without time or inclination, or both, to obtain the 
large mathematical knowledge required. 

Now, just as a man who is without any accurate knowledge of 
astronomy or mathematics may find tinie from a sun-dial by applying 
the equation of time taken from a table in an almanac, so by the 
use of a table of sines the microscopist may reach useful and reliable 
results, although he may have no clear knowledge of trigonometry, 
physical optics, nor the mathematical proof of formulfe. 

All microscopes, whether simple or compound^ in ordinary use 
depend for their magnifying power upon the ability possessed by 
lenses to refract or bend the light which passes through them. Re- 
fraction acts in ticcordance with the two following laws, viz. : — 

1. A ray which in passing from a rare medium into a denser 
medium makes a certain angle with the normal^ i.e. the perpendicu- 
lar to the surfiice or plane at which the two media join, will, on 
entering the denser medium, make a smaller angle with the normal. 
Conversely, a ray passing out from a dense medium into a rarer one, 
making a certain angle with the normal, will, on emergence fi*om 
the dense medium, make a greater angle with the normal. 

The ray in one medium is called the incident ray, and in the 
other medium the refracted ray. 

The incident and refracted rays are always in the same plane. 

2. The sine of the angle of incidence divided by the sine of the 
angle of refraction is a constant quantity for any two particular 
media. 

When one of the media is air (accurately a vacuum) the i*atio of 
these sines is called the absolute refractive index of the medium. 
As every known medium is denser than a vacuum, it follows that 
the angle of the refracted i*ay in that medium will be less than the 
angle of the incident ray in a vacuum ; consequently, the absolute 
refractive index of any medium is greater than unity. 

Further, the absolute refractive index for any particular sub- 
stance will differ according to the colour of the ray of light employed. 
The refraction is least for the red, and gi*eatest for the violet. The 
difference between these refractive values determines what is called 
the dispersive power of the substance. 

This will be understood by fig. 1. Let I C, a ray of light travel- 
ling in air, meet the surface A B of water at the point C. Through 
C draw N N' at right angles to the surface of the water A B. The 
line N N' is called the normal to the surface A B. The ray I C will 
not continue its path through the water in a straight line to Q ; but, 
because water is denser than air, it will be bent to R, that is 
towards N'. The whole course of the ray will be ICR, of which 
the part I C is called the iTwident ray^ and C R the refracted ray, 
' Vide Chambers’s Mathematical Tables. 
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The angle I C makes with the normal NT N', viz. I C N, is called the 
angle of incidence ; and the angle R C makes with the normid N' N, 
viz. R C N', is ciilled the angle of refraction. 

Conversely, if a l ay R C, travelling in water, meet the surface of 
air A B in the point C, it will not continue in a straight line, but 
will be bent to the point I farther away from N. Thus, when a 
ray passes from a rai er to a denser medium it is bent or refracted 
towards the normal, and when it ptxsses out of a dense medium into 
a rarer one it is bent or refracted away from the normal. 

Further, if the shaded portion of the figure were glass instead of 
water, the refracted lay R C would be bent still nearer N', and, 
conversely, if the ray passed out of glass into air, it would be more 



bent away from the normal than if it had passed out of water into 
air. 

The angle of incidence I C N is connected with the angle of re- 
fraction RON' (as stated above) by what is known as SnelFs Law of 
Sines. The constant relation between the two sines for two specific 
media is called the refractive index of the medium, and is usually 
indicated in problems by the symbol fx. 

This law, stated with reference to the figure, would be : 

the refractive index of water. 

sine RON' 

In X C take any point, P, and from P draw P T perpendicular 
to N N'. Similarly in R C take any point, F, and draw F H per- 
pendicular to N N'. 

B 2 
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Now, as sine I C N = and sine R 0 N' = then, by 

It O r O 

FT 

Hnell’s law, 

F”C” 


As any points may be taken in T C and R C if the points had been 
more judiciously selected, we might have greatly simplified the above 
expression. Thus, if we take two other points, K and E, such that 
K C = E C, and draw the perpendiculars as before, we shall have 

K S 

sine I C N = ^ ^ and sine R 0 N' = and therefore 

Iv. C E O El) 

Elj 

But as K C = E C by construction, we can write K C for E C 

Q K S 

tlms : g-p = /i. K C is cancelled, which p “ H- 

As p can be experimentally determined for any two particular 
media, it follows that if one of the other terms is known, then the 
remaining term can be found. Thus, if fj, and the angle of incidence 
are known, the angle of refraction can be found ; and if fu and the 
angle of refraction are known, the angle of incidence can be found. 
The unknown quantity can be found either geometrically or by cal- 
culation when the othei* two terms are given. 

It will, of course, be understood that, foi* the same medium in 
every case, a red i*ay would be bent or refracted less than a violet 
ray. The value therefore of fx for a red ray will be less than that of 
/u' for a violet ray. As a prficti(nil illustration : The i*efi*{ictive in- 
dex for a red ray in crown glass is 1'5124 = /x, and for a violet ray 
is 1*5288 = the difference being — p = *0164. 

The refractive index for a red ray in dense flint glass is 1*7030 
= p, and for a violet ray is 1-7501 = p', the diffeience being p' — p 
= *0471. 

Consequently there will be a greater diffei-ence between the bend- 
ing of the refracted red and violet rays in the case of dense flint than 
in the case of crown glass, the angle of the incident ray with the 
normal being the same in either case. 

Where air (more correctly a vacuum) is not one of the media, 
then the refractive index is called the relative refractive index. 

The normal to a plane surface is always the perpendicular to it ; 
the nm'mal to a spherical surface is the i*adius of curvature. The 
angle of the incident ray and the angle of the refracted ray are 
always measured with the normal^ and not with the surface. 

Fig. 2 a, h, shows the normals A, B to both a plane and a 
spherical surface, 0 D. 

In the case of the spherical surface, B is the centre of curvature, E F 
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is the incident ray in air, F G the refracted ray in crown glass. The 
angle A F E is the angle of incidence, B F G the angle of refraction. 

Sine A F E divided by sine B F G is equal to the refractive in- 
dex of air into crown glass, or, in other words, the absolute refractive 
index of crown glass, /i ; thus in this particular case : 

(Problem) T. : 

sin A F^__ sin 45® _ *707 _ ^ _ 
sin B F G ~ sin 28° ~ ^2 ~ 2 ” 

This problem, howevei*, is not actually needed by the reader of 
this book, for a table of ^ 

absolute refractive indices 
is given in Appendix B. 

It will be clear from 
the above’ that when the 
i*efractive index, absolute 
01 * relative, of a niy from 
any first medium is given, 
the refractive index from 
the second to the fii*st may 
bo found. 

Thus, the absolute re- 
fractive index fx from air Q 

into glass being given as 

find fjL^ the refractive 



index from glass into air. 


(Problem) II. : 



2 


When the absolute 
i*efi*active indices of any 
two media are given, the 
relative refractive indices 
between the media can be 
found. 

Thus, the absolute re- 
fractive index fj. of crown 
glass is 1*5, and the ab- 
solute refractive index /i' 





Fig. 2.— The normals to a plane ami a curved 
surface. 


of flint glass is 1*6 ; find the relative refractive index /u" from crown 


to flint. 


(Problem) III. : / 


^ = 1 066. 
1*5 


The relative refractive index p'" from flint to crown is determined 
by (problem) ii. : 

u'" =-1 = - 1 — =. -938. 

iu" 1066 
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L(‘t ns now .vupposo tlint in 2 tlu' rnv is oiling’ in the op- 
jK)sit(‘ direction. F in tin* d(‘nser ni(‘dimn w ill now hi* tin* incident 
r:iy, and V E in the rarer inediuiii will 1)0 the refracted ray. Now, 
il‘ till* aiiiile 1> F <1 h(‘ increased, the angle A F E will also hi* in- 


Fig. 3 . — The phenomenon of total reflexion. (From the ‘ Forces of Nature,* 
published by Macmillan.) 



creased in a greater proi)()rtion, and the ray F E will appi'oach the 
siii’face F D. 

When F E coincides with F D, G F is said to l)e incident at the 
critical angle of the medium. When this critical angli* is reached, 
none of the incident light will pass out of the denser medium, but it 
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will be totally reflected from the surface C D back into the denser 
medium. 

A simple illustration of this is shown in fig. 3. It represents 
a glass' of water so held that the surflme of the water is above the 
eye. If we look obliquely from below at this surfime, it appears 
brighter than polished silver, and an object placed in the water has 
the upper portion of it brightly reflected. 

The action on all light incident on C D in the denser medium 
(fig. 2) at an angle gi*eater than the critical angle is precisely the 
same in fact as if G D were a silvered mirror. 


A critical angle can only exist in a denser medium, for obviously 
there can be no critical angle in the rarer medium, since a ray of 
any angle of incidence can enter. 

When the relative or absolute refractive index of the denser 
medium is given, the critical angle for that medium can be found, 
thus : The absolute refractive index of water is 1 *33 = /u ; find its 


critical angle 6. 
(Problem) IV. ; 




=48^'® (found by table). 


8o the sine of the critical angle is the reciprocal of the refractive 
index. 

The connection between the path of an incident ray in a first 
medium and its refracted i‘ay in a second medium is established by 
the formula. 

H sin fx sin 


where fx is the absolute refractive index of the first medium, 0 the 
angle of the incident ray in it, fi' the absolute refractive index of 
the second medium, and (j/ the angle of the refracted ray in it. 

The angle (j) = 45° of the incident ray in the first medium A F E 


(fig. 2) and^u = 1,/i' 


3 

2 ’ 


the absolute I’efractive indices of both the 


media, air and glass respectively, being given, find <j)', the angle of 
the refracted ray in glass. 

(Problem) V. 1 : 

r.. u sin 0 1 X sin 45° 1 x *707 . 

0' = 28° (found by table). 


To put another case. Suppose the angle 0' = 28° (fig. 2, B F G) 
is given ; find 0, the refractive indices remaining the same as before. 

(Problem) Y. 2 : 

Sin (b X sm28° _ l-5 x :741 ^.7nfi5 

' fJL 1 1 

0 = 45° (found by table). 

Now, suppose the A side of C I) (fig. 2) is crown glass, /u = 1*5, 
and the B side of C D is flint glass, = 1*6. The angle of the 
incident ray A F E 0 = 45°, find the angle of the refracted ray 0' or 
BFG. 
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(Problem) V. 3 : 

a isiu 0 1 r) X sin 45 1 -5 X -707 1 -0605 , 

Sinf= = ^ - = -pj3-=-663; 

<^'=41^° (found by table). 

As a filial instance. Suppose the ray to lu' travelling in the 
Opposite direction, so that (4 F is tla^ inciiUait ray and B F G, or 
^' = 41^°, 1)6 given, the media lu'ing tlic sann' as in the last case, 
yLt'=zl'() and /x=l-r), find or the angle of the refracted ray. 

(Problem) Y. 4 : 

u' sin (/)' l ()sin 41.Y 1 () x 'hi):! 1 -OfiOS 

• = 1.5 =-707; 

^)=45° (found by table). 

The im})ortance of the })rism in ])racti(‘al o])tics is well known. 

its geometrical form in per- 
spe(;tiv(5 and in sc^etion is shown 
in fig. 4. 

I>y means of the above pro- 
blems and t beir solutions we 
ai'e now abb* to t7rice the diver- 
(jLMtm (ff a ray through a pris7n. 

In iig. 5 let ABC repre- 
s(‘nt a prism of \ ery dmise Hint 
glass wbos(‘ absolute rcfi'ac'tive 
indices g' for i'ed light is 1‘7, 
and fi" for lilue light is 1*75. 
Let tli(‘ relracting angle Ji A C 
of tlu* ])r-ism and let the 

angle (tf inei deuce of a ray of 
wbit(‘ light 1)E=45°=(^ in 
air, fji— 1 . Tlu' dott(*<l lines show 
Fio. 4.— The geometrical form of the prism, the normals. Tlien by (pi-oblem) 
(From the ‘ Forces of Nature.’) y ] foj. ^y^ hj,ye foy 

the angle of refraction (f/. 



, a sin (f) 1 sin 45° *707 

^'= 24^° (foiuid by tjible). 


And for bbie light : 


•707 


yu..sin 0 1 sin 45° 

S,n =r75=-404 ; 

0"=23|° (found by table). 


Now, for the red ray draw E F (fig. 5), 24^° to the normal, and 
let it meet the other side of the prism A C in F. At F draw 
anotlu‘r normal. 

On the scale of fair diagram it is not possible to draw’ tw’o lines 
EF, one for the red ray and the othei* for the blue, for they are too 
close togethei’, their angular divergence being only But by 
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measurement it will be found that E F makes, with the normal at 
F, an angle ((>' of 25^®, and for the blue ray an angle of 26 J®. 

It should be remembered, however, that if the refracting angle 
of the prism is known, there is no necessity for this measurement, 
because it is always the difference between this and the angle of 
refraction before determined, thus 50®— 24|°=25|®. 



This ray E F now becomes the incident ray on the surface A C ; 
and as the angle it makes with the normal at F is known, and as 
the refractive indices remain the same, we can, by (problem) v. 2, 
find the angles of refniction for each colour. 

If we take red light : 


Sin 0= 


<^, the angle of infraction =47® (found by table). 


If we take blue light : 

u" sin 1-75 sin 261® 1*75 x *442 

-= - 1 - 1 - =-774; 

0, the angle of refraction = 50|® (found by table). 


This dispersion can now be represented in the diagram, seeing 
that it amounts to 3J|®. 

In optics it is convenient to use an expression to measure the 
dispersive power of diaphanous substances, which does not depend 
on the refracting angle of the prism employed. Further, in order 
that various substances may be compared, their dispersive powers 
are all mejisured with reference to a certain selected ray. (For this 
purpose the bisection of the D or sodium lines is the point in the 
spectrum often chosen.) 

In the crown and flint glasses mentioned on page 4 the dispersion 
between the lines C and F, in the spectrum, referred to the bisection 
of the sodium lines D, is as follows. Crown glass : — refractive index 
bisection of lines D, l-5179=/u; line F, l-52395=/u' ; line O, 
1*51 535 =/a". Then the dispersive power cd 

1-52395 -1*51535 *0086 
- /t-l ““1*5179 -1 “■•5179'"*^^®®^' 
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The values of the same lines for the flint glass are as follows ; 
I), l-7174=,i; F, l-73489=g'; C, 1-71055=/'. 

/-/' 1-73489 — 1-71055 -02434 

"~/x-i — 1-7174“— 1 

So the dispersive power of the flint between the lines C and F is 
slightly more than twice that of the crown for the same region of 
the spectrum. In the above formula the expression /i' — / a'' is usually 

written ^ ; in full it is therefore w = ^ ^ • 

/I — 1 

Having thus traced a ray 
experiiiientally through a 
prism, our next step is to show 
that a convex lens is onljj a 
curved form of two such prisms 
with their bases in contact, 
as is shown in A, flg. G, 
where the curved line shows 
the lenticular character and 
the shaded elements the two 
prisms. A concave lens is in 
efiect two prisms i*evei*se(b 
that is, with theii* apices in 
contact, as in B, fig. 6, where, 
again, the curved line shows 
the form of the lens and the 

A B 


Fig. 6. — Convex and concave Fig. 7.— Proof that a lens may be considered 

lenses are related to the as an assemblage of prisms. (From the 

prism. ‘ Forces of Nature.’) 

shaded parts its relation to a pair of prisms. The fact that a, lens is, 
in effect, as such, but an assemblage of sujierposed prisms is seen in 
fig. 7, the refracting angle of the prism being more acute as the 
principal axis is approached, and the deviation being greater as the 
angle is more obtuse. 

In fig. 8 let O P be the axis in each case ; then, from what we 
have seen, it is manifest that rays parallel to the axis falling on the 
prisms with their bases in contact and acting like a convex lens will 
be refracted towards the axis O P. But in the other case, where 
the prisms have their apices together, as in fig. 9, acting as a con- 
cave lens, the light is refrjmted away from the axis O P. 





ACTION OF A PAIK OF PELSMS 



Fkt. 8. — Action of a imir of prisms with their bases in contact on 
parallel light. 
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It must, however, be uii(lersL) 0 (l that there is a very important 
difference between the action of spherical lenses, trhirh is due to tJie 
different positions of the norrncds. 

In the prisms (fios. 8, 9) the ineidiait snrfaet' A l> is a, plane; 
and as the normals ar(* perpendicular to it, they must l)e parallel to 
one another, wlu'tlua* near the base or near the apex. Thus the 
normal at E is pai allel to the normal at K- ; therefore, whatever 
ari^le T) E makes with the noi*mal at E, H K will make a similar 
ani>:le with th(‘ normal at K, because the normals are parallel ami the 
] ncidani rn ;ih ure fK(r(dlel, 

tint ill tb<‘ case of a s])herieal lens the normals are radii ; 
paralhlism is tluadbre im]H)ssibl(‘. and parallel incident rays will 
not make (‘(pial angles with them, and so tlie refracted rays will not 
be j>ai-all(‘l. 

Tliis (\\ plains how it is that vvlien rays parallel to the axis fdl 
on th(‘ pi ism (see fig. 8) those which pass through the prisms near 
their bases cut the axis nearer the plasms than those which pass 
thi’ough near the apex. 

But in a convex lens the reverse takes place ; the rays passing 
thi’ough near the middle of the lens cut the axis farther from the 
h'lis tlian those which pass tlirough the edge of the lens. The 
typical form of a biconvex or magnifying lens is shown in lig. 10, 



Fig. 10. — Front and edge views of a biconvex lens. 

(From the ‘ Forces of Nature.’) 

both in perspective, as seen from the edge, and with a full view of 
the disc; while the Aarions forms which for various optical purposes 
are given to lenses is sliown in figs. 11 and 12. 

Now, if we study the four following figures, we shall see the 
principal action of lenses on light incident on their surfaces. Fig. 
13 shows that if a radiant is phmed at the principal focus of a con- 
verging lens, the rays are rendered p)ai-allel ; conversely, if parallel 
rays fidl on a converging lens, they are brought to a piincipal focus 
or point upon the axis. 

Fig. 14 shows that if a radiant be placed beyond the principal 
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focus of a converging lens, tlie rays are brought to a focus hri/ond 
the principal focus on the otlier side of the lens. The ne.uer the 
radiant is to the principal focus, the farther jivvay will he its conjugate 
focus from the othei* principal focus. In otlier words, tliere ai‘e two 
points in the axis such tliat if the ohj(-et is one point its focus will 
be the other ; these are reciprocal one to the other. These points, 



Fig. 11. — Biconvex, plano-convex, 
and converging meniscus lenses. 
(From the ‘Forces of Nature.’) 




Fig. 12.— Biconcave, plano-concave, 
and diverging meniscus lenses. 
(From the ‘ Forces of Nature.’) 


the focal distances of which can always he calculated, are known as 
conjugate foo. 

Should tlu‘ radiant be at a distance from the principal focus eipial 
to the focal length of the lens (i.e. twice the focal length Irom the 
lens), then its conjugate will be at the same distance fiom the focus 



Fig. 13. —A radiant at the principal focus of a biconvex lens makes tlie refracted 

rays parallel. 



Fig. 14 .— a radiant placed beyond the principal focus causes rays to converge 
beyond the principal focus on the other side of the lens. 

on the othci- suit' of the lens (i.e. twice the focal length from the lens). 
In otlu'r words, wlum the object and its image are eipiidistant on 
eithei* sidi' of tht‘ lens, they are iHpial to I'ach other in size, and 
are four times the focal length of the lens apart. 
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This law forms a ready means of determining the focfil length of 
a lens. An object is placed in front of a lens, and the distances 
between this object and the lens and a screen to i*eceive the image 
of the object are so adjusted that the image of the object hecotms equal 
in size to the object itself The distance of the object from the screen 
divided by 4 gives the focal length of the lens. 

If a radiant be placed between a lens and its principal focus, the 
rays on the other side of the lens are still divergent^ and will never 
meet in a focus on that side. This is seen in fig. 1 5 ; but if they are 
traced backwards, as in the dotted lin€\s of fig. 1 5, they will then 



Pig. 15 . — Rays diverge when a radiant is jdaccd between a lens and its 
principal focus. Focus of divergent rays is virtual. 

meet in a point. This is called the virtual conjugate focus of the 
radiant. The principal focus of a- conclave (or diverging) lens is 
shown in fig. 16. It will be seen that the principal focus is not 
real but virtual} Parallel rays falling on a coiu^avt^ lens are I'endered 



divergent on the other side of the lens, and consequently can never 
come to a focus. But if we trace these divergent rays backwards, 
as in the dotted lines of fig. 16, we find that they meet in a point, 
and this point is called the virtual pinncipal focus of the lens. 

It will be manifest that since the rays in passing through lenses of 
various kinds are unequally refracted they cannot all meet exactly in a 
single focal point. This gives rise to what is a most important feature 
in the behaviour of lenses, which is known as spherical aberration. 

Figs. 1 7 and 1 8 show the refraction of rays of monochromatic 
^ A real image can be received on a screen, but a virtual image cannot. 
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grasp of them, to draw such a lens, and trace the paths of two rays 
through it, one near the axis, the other near the edge ; then do the 
same with the lens reversed. 

Formula for spherical aberration : ^ 

where / = principal focal length ; y = semi -aperture ; y = refr. 
index ; and — r', radii. 

3 

In an equi-<jonvex of crown, where /x = 




l/= 


r 

T 


In a plano-convex of crown, where \i = 




I -r'=co, / 

7 

- • . Here parallel rays are incident on the convex 

6 / 

surfiice. But when parallel rays are incident on the plane surhice, 
/i = !• = oo, — r' = ^, S/ = — ^ ; consequently the sphe- 

rical aberration is four times as great (see figs. 17 and 18). 

When — r' = oo, and y = 1*69, the plano-convex becomes the 
form of minimum aberration. 

In a crossed ^ biconvex lens, whei*e — = 6 ?% and ^ ^ 


2 ’ 


hfzsz — parallel rays being incident on the more 

curved surface. 

Formula for finding the principal focus F of a lens equivalent to 
two other lenses whose foci are /, /' and their distance apart d : 


1 ^ 1 2 . _ 

F /^/' //'* 

In figs. 5, 8, and 9 we see that when the incident ray J) E con- 
sists of lohite light, the colours of which it is composed are unequally 
refracted ; the two extremes, II (red light) and Y (violet light), being 
bent in different directions, the other colours lying between them 
in their proper ordei’. 

This unequal refraction of the different colours takes place in 
like manner in spherical lenses, and it is then known as chromatic 
aheri'ation. 

The efiect of this upon the action of a lens is that, if parallel white 
light fall upon a convex surface, the most refrangible of its component 
rays (which, as we have seen, is the violet) will be brought to a focus 
at a point somewhat nearer the lens than the principal focus ; and 
the red ray, having the least refrangibility, will be brought to a focus 
at a point farther from the lens than its principal focus, which is, in 
effect, the mean of the chromatic foci. 


1 Encyclopcedia Brit. vol. xvii. 

2 A biconvex lens is said to be * crossed ’ when the radii of its surfaces are in the 
proportion of 1 : 6. 
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This will be fully understood by the aid of fig. 19. 

The white light, A A", falling on the peripheral portion of the lens, 
is so far dispersed oi* decomposed that the violet rays are brought to 
a focus at 0, and, crossing there, diverge again and pass on towards 
F F ; whilst the red rays are not brought to a focus until they reach 
the point D, crossing the divergent violet rays at E E. The foci of 
the intei'mediate rays of the spectrum (indigo, blue, green, yellow, 
and orange) are intermediate between these two extremes. The 
distance C I), limiting the violet and the red, is termed the longitu- 
dinal chromatic ahc'i'ration of the lens. 

If the image be received upon a screen placed at C, violet will 
pi'edominate, and will be surrounde<l by a prismatic fringe in which 
blue, green, yellow, orange, and red may be distinguished. If, on 
the other hand, the screen be placed at D, the image will have a 

A' 

A" 


Fio. 19. — Chromatic aberration. 



predominantly red tint, and will be surrounded by a series of 
coloured fringes, in inverted order, formed by the other i-ays of the 
spectrum which have met and crossed. 

The line E E joins the points of intersection between the red 
and the violet rays which marks the mean focus, or the point where 
the dispersion of the coloured rays will be least. 

The axial ray undergoes neither refraction nor dispersion, and 
the nearer the rays are to the axial the less tlispersion do they 
undergo. Similarly, when the refi'action of the rays is greatest at 
the periphery of a lens, there the dispersion will be most. Hence 
the peripheral portions of uncoi-rected lenses are stopped out, and 
the centre only often used that the chromatic aberration may be 
reduced to a minimum. 

Manifestly, therefore, the correction or neutralisation of this 
chromatic aberration, which is known in optics as achromatism, is a 
matter of the first moment. Multiplied colour foci between C and 
D (fig. 19) make a perfect optical image impossible. 

It is a question of interest and importance to the microscopist to 
know how achromatism is ohtahied. 

In a prism the amount of dispersion or unequal bending of 
R and Y (fig, 5) depends on two things : (1) the nature of the 
glass of which the prism is composed, and (2) the refracting angle 
BAG. 

If, for example, another prism were taken, made of a different 
kind of glass, possessing only half the dispersive power of that in 
the figure, but with the angle BAG 50®, as in this case, the separa- 

c 
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tion of 11 Mild V would only be half as (jreat as that effected by the 
prism in the figure. 

Then if another prism were made of the saum material as that 
assumed in fig. 5, but with only half the ref rad in (j frngle^ viz. 25°, 
the disjiersion between R and V would also be but lialf that repre- 
sented. Also a prism having 50° of refracting angle gives the same 
amount of dispersion as that from a prism of 25° of refracting angle, 
but of twice its dispersive power. 

Uiah v th(‘se conditions, when one prism, exactly like another in 
angle and dispersive power, is placed clos(‘ to it in an inverted 
position, tiir <hs])crsion of the first prism is (‘utiridy neutralised by 
tliat oi‘ tlu' s('coiid liecause it is pri'ciscly (‘<jual in amount and 

o pp( )si te i n power. 
This will be under- 
stood by a, glance at 
fig. 20. But it will 
1 h‘ seen that not only 
is dispersion v(‘versed, 
but refraction also 
is neutralised, the 
emergent ray being 
pai'allel to the in- 
cident ray. Therefore 
the e(|ual and inverted 
s\ stmn of ])risms can 
be of no possilile use 
to the practical opti- 
cian in the correc- 
tion of lenses because 
the convergence and divergence of rays are both essential to the 
construction of ojitical instruments. The dispersion, in fact, must 
be destroyed without neutralising all the lefraction. 

Sup])Ose we take a prism with an angle of 50°, composed of glass 
h.iviug a c('rt.iin dispersive power, and invert next it a prism of 25° 
angle, conipostMl of glass having twice the dispersive powder of the 
former. I )isp(‘i sion will be manifestly destroyed, because it is equal 
in amount and opposite in nature to that possessed by the prism of 
50° ; but the prism wdth an angle of 25° will not neutralise all the 
refraction effected by th(‘ prism of 50°. 

These conditions plninlv suggest the solution of the prcjblem, for 
})art of the con\ (‘rg(‘uce is maintained while the whole of the 
dispersion dost r(n ('d. 

Th(‘ splK'iical l(‘nses which answer to these prisms are a crown 
bicoii\(‘\, littiug into a Hint plano-concave of doiibh* tlu* dis[)ersive 
power 

It has been j)oin1e(l out above that all tlu^ other colours lie in 
th('ir })ro]M‘T- or<l(n* lietween tlu* ru\s B and V (fig. 5). Let us select 
one, gi tM'ii, and represent it by (I. Now’ if G lies midway between 
R and V in tlu‘ jirisiii of 50° of angl(\ ami also Ixdwecui K and V in 
the prism of 25° of angle, its dispia-sion will also b(‘ mnitralised. 
This nUMin th.it wIkmi t la* dispiu-sion botwi'i'u tla* tln-oc colour.s in 



Fio, 20. — Recomposition of light by prisms. (From 
the ‘Forces of Nature.’) 
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one kind of glass is proportional to their dispersion in the other, 
then when any two are destroyed the third is destroyed with them. 
This unfortunately is not the case in practice, because two kinds of 
glass having proportional dispersion powers cannot be obtained. 
This, however, is what l eally happens. G may lie midway between 
H and Y in one kind of glass, but in the other it may lie, for 
instance, much nearer R, say a third instead of half the distance 
of R from Y. If now the dispersion of R Y be destroyed, (I will 
be left outstanding. If a different angle of prism be chosen, so that 
R and G are neutralised, then Y must be left outstanding. 

This want of proportion in the dispersion of the various colours 
of the spectrum in two kinds of glass is termed the h*^'ationality of 
the spectrum^ and the colour or colours left outstanding in a corrected 
combination of lenses is known as the secondary spectrum. 

In some subsequent pages we shall have to call attention to the 
manufactui*e in Germany of some new vitreous compounds by the 
combination of which with duor spar the secondary spectrum has 
been removed from microscope objectives, and an apochromatic 
system of constiaiction has been introducetl. 

Meanwhile, we may remember that it has only been in compa- 
lutively recent times that the (construction of achromatic object- 
classes for microscopes has been brought about, but the gradual 
(mlargement of aperture and the greater completeness of the cor- 
rections soon after the discovery of achromatism rendered sensible 
an imperfection in the performance of these lenses under certain 
circumstances, which had previously passed unnoticed, and Andrew 
Ross made the important discovery that the use of cover-glass in 
mounting minute objects introduced aberration, and that a very 
obvious difference exists in the precision of the image, according as 
it is viewed with or icithout a covering of thin glass, an object- 
glass which may be peiTectly adapted to either of these conditions 
being sensibly defective under the other. 

He also devised the means of correcting this error, and published 
his device in vol. li. of ‘ Transactions of the Society of Arts ’ for 1837. 

Fig. 21 will illustrate the effect produced on the corrections of 
an object-glass by the interposition of a cover-glass between the 
object and the objective. 

The rays radiating from the object O in every direction fall upon 
the cover-glass C C (jw = 1*6), ()n trjicing two definite rays, such 

as O A a 11(1 O B, it will be found that they will be refi*acted to R 
and P (shown by the dotted lines of the figure). On their emergence 
into air they will be again refrjicted in a direction parallel to their 
first path, and will enter the front lens of the objective at jihe 
points M and K. 

Now as M R and N P, produced, meet in Y, it follows that, so 
far as the objective is concerned, the i*ays M R, N P might have 
diverged from the point Y. 

Similarly, by tracing two of the less divergent rays from O they 
will be macle by the i-efiuction of the covei*-glass to appear as if 
they diverged from X. Therefore, in consequence of the cover-glass 
the objective has to deal with rays apparently from two dis- 

c 2 
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timt pohUs, X and Y. If there were no covei -gLkss all the rays would 
diverge from 0, and then the objective woiild l equire to be perfectly 
aplmiatic. This word (derived from a = privative, and TrXai aw, to 
wander, i.e. free from wandering or eri’or) means, as used by opticians, 



Fig. 21. — The effect produced by a cover-glass on the corrections of an 
object-glass. 

that all the rays passing through a lens system are brought to an identi- 
cal conjugate focus, as shown in fig. 22. But as afiectinl by the cover- 
glass the marginal rays diverge, apparently, from a focus, nearer the 
objective than the central rays ; therefore the objective, to meet this 
condition, must be what is called under -corrected ; a condition pre- 
sented in fig. 23, so as to focus both these points at once. Here the 




Fig. 22. — Aplanatic system. Fig. 23.— Under-corrected system. 


mirvature of the surface of the crown lens being increased, the Hint 
plano-concave is not sufficiently powerful to neuti'alise all the 
spherical aberration of the ci’own. As a consequence the peiipheral 
rays are brought to a focus at F', while the central luys pass on to 
F. This is what is meant by ‘ undei’-correction ’ in an object-glass. 

^ i.s prCfSented, for the incident curve 

of the crown lens has been flattened, 
while that of the flint has been 
deepened, which increases the cor- 


Fig. 24.— Over-corrected system. rective power of the flint, and thus 

destroys the balance of the com- 
bination in other directions. The rays passing through the periphery 
of the combination will be brought to a focus F', while the central 
rays will be focussed at F. This is what is known as over-correction. 
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An aplanatic objective can be made into an under-coiTectexl 
objective by (1) causing the hack lenses of which it is co 7 nposed 
to approach the fro7tt lens. This is the device of Andrew Ross, and 
is now effected ^ by means of a special ‘ collar ’ ai-rangement, which, 
by the action of a screw, approximates or separates the suitable 
lenses. But for this a special device is needed for each objective. 
(2) The result can moi’eover be secured by causing the eye-piece to 
approach the objective. This of course is ticcomplished by the use of 
the draw-tube, and must l)e employed with objectives having rigid 
mounts. 

Closing lenses., that is, bringing them together, whether in the 
objective itself or in the micros(*ope as a whole, by shortening the 
distance between the eye-piecte and the objective, umler-cor^'ects the 
objective^ that is, gives negative aberration ; while the separation of 
lenses over-corrects or gives positive a-beri'ation. 

In using the collar correction ^ for a longer body or a thicker 
cover-glass the collar adjustment must be moved so as to cause the 
back lenses of the objective to ajyproach the fi^ont lens, while for a 
shorter body or a thinner cover-glass, the adjustment must be moved 
so as to cause theii* separation. 

In correctvng by tube le7igth for a thicker cover shorten the tube,* 
and for a thinner one lengthen it. 

For the benefit of tliose who aim at work with lenses, that is 
such as may be compassed with the aid of the most elementary 
mathematics, it may be well to indicate a- simple method for the 
deduction of the foci of plano-co7wex and biconvex lenses. 

In fig. 17 the focus is twice the radius measured from the vertex 
A, that is, A F. But in fig. 18 it is twice the radius measured 
from the point A, that is, the point 
F is distant from the lens twice the 
radius less two-thirds the thickness 
of the lens. 

Similarly, in fig. 25, the focus 
of a biconvex lens is measui*ed from 
the point A ; in other words, F is 
distant from the lens the length of 
the radius less one-sixth tlie thick- Fig. 25.~The focus of a convex lens 
ness of that lens (nearly). 

Fo7'mulce 7*elating to a biconvex lens. — Where P is one focus, P' its 
conjugate, F principal focus (solar focus, or that foi‘ a very distant 
object), R radius of curvature for one surface, R' for the othei* 
surface, g the refractive index of the medium, then 

p+p7=(f'— 1) (r,+r>); 

(b+R') ’ 

1 i_i 

p + p/— F' 

Fig. 26 a. — Focus of a concave lens. 

* See Chapter V. 





22 ELEMENTARY PRINCIPLES OF MICROSCOPICAL OPTICS 


Also, if X is the distance of a focus from F, the principal focus, 
and y, the distance of its conjugate from F', the other principal 
focus on the other side, then 


a* 2 /=F F' ; 
or, 

X y=F2. 

In an equiconvex lens of crown glass if /j=l‘5, F= radius of 
curvature. But in a plano-convex lens of crown glass if p = l*5, 
F= twice the radius of curvatui*e. 

In the above formula the thickness of the lens has been neglected. 
In thick lenses, however, its effect must not be disi*egarded, even if 
only approximate results are required. A very approximate deter- 
mination of the principal focal length of an equiconvex lens measured 
from the surface may be made by subtracting from the result 
obtained by the foregoing formula? cme-sixth of the thickness of the 
lens. (See fig. 25.) 

Examples . — Equiconvex lens of crown ghiss p=l'5, thick- 

ness = i- By above formula F=^. Subtracting from this one- 
sixth of the thickness of the lens, we get F= 44 ' distance 

between the focus and the surface of the lens. This is only ^ inch 
from the truth. If the lens were a sphere it would be necessary to 
subtract J of its thickness. 

In the case of a plano-convex lens tlie principal focus on the 
convex side is equal to twice the radius as above, but on the plane 
side two-thirds of the thickness of the lens must be subtracted from 
it. 

In a hemispherical lens of crown glass ^==1-5, radius =^, thick- 
ness =^, the principal focus on the convex side will be one inch 
from the curved surface and on the plane side § inch from the plane 
surface. 

In an equiconcave lens the foci are virtual and ai e crossed over ; 
thus, the lens in fig. 25 a is equiconcave, the focus F, instead of being 
measured from A to the right hand, must be measured to the left 
hand ; consequently, f of the thickness must be siibtiacted fi'om 
the focal length in order to determine the distance of F from the 
surface of the lens. 

A plano-concave lens follows the plano-convex, but the foci ai*e 
virtual and crossed over. From the principal focus on the curved 
side subtract | of the thickness, and from that on the plane side 
subtract the whole thickness of the lens. 

Examples . — Equiconcave of dense flint ft = l*75, radius = — 
thickness J, F by formula=— ^ ; subtract from this | of the thick- 
ness of the lens, we obtain— which is only 1 :^ 75 ^ inch too short. 

Plano-concave of dense flint /u=l *75, radius= — thickness J, 
F by formula = — subtract from this the thickness of the lens. 
Tlien F=:— ^ ; this is the focal distance from the plane side. Foi* 
the focal distance from the curved side subtract § of the thickness, 
then F=: — §§, which is inch too long. 

The prirmpal focus of a combhiation of two or more lenses, whose 
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principal foci and distances are known, can be found from the formula 
^ + pf—J *^-^signing for the value of p the distance of the prin- 
cipal focus of the first lens from the second, and so on. 

Example . — Parallel rays fall on an equiconvex lens of four inches 
focus. Two inches from this lens is another equiconvex lens of 
three inches focus. Find the distance of the focal point from this 
last lens, to which the rays will be brought. It is evident that the 
rays would be brought by the first lens to a focus two inches behind 
the second if it were not there. This point, which is negative with 
regard to the second lens, must be taken as the value of p in the 
formula. We have, therefore : 


-2 / 


1 

;h’ 


Hitherto our attention lais been confined, in studying the action 
of lenses, to the manner in which they act upon a bundle of parallel 
rays, or upon a pencil of rays issuing from a radiant point. More- 
over, we have considered this point as situated in the line of axis. 
But the surface of every luminous body may be regarded as compre- 
hending an infinite number of such points, fi'om every one of which 
a pencil of rays proceeds, to be refracted in its passage through the 
lens according to the laws enunciated. In this way a complete 
image^ i.e. picture of the object,' will be formed upon a suitable 
surface placed in the position of the focus. • 

There are two kinds of image formed by lenses, a real image and 
a virtual image. 

1. Th formation of a real image means the production of a 



Fig. 26 .— The formation of a real image. 


picture by a lens, or a combination of lenses, which can be thrown 
upon a screen ; such are the images of a projection lantern and the 
image produced by the camera upon the focussing glass. The manner 
in which this takes place will be understood by reference to fig. 26, 
where A B is an object placed beyo'nd P, the principal focus of the 
aplanatic combination. From every point of A B are rays radiating 
at every possible angle. Let AF and AH be two such rays 
radiating from the point A* Now if the refraction of these rays be 
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traced, in the manner already indicated, through the aplanatic com- 
bination, it will be found that the rays which before immergence 
were diverging are by the refraction of the combination on emer- 
gence l endered converging. Thus the ray F 0 meets H C at the 
point C. The point C is called the conjugate focal point of A, and 
wherever there is a focal point there will be an image. Therefore, 
at C, there will be an image of A. In the same manner the rays 
issuing from eveiy point along A B may be traced, and will be found 
to have each one its respective conjugate lying on C I), so the con- 
jugate of B is at D. Hence it is at once manifest that an inverted 
conjugate image of the object A B is foi med at C I). Further, it 
will be noticed that, although the object is straight, the image of it 
is curved towards the lens. 

If the object A B had been curved, so that it presented a convex 
aspect to the lens, then its conjugate image 01) would have been 
more curved ; but if A B had been sliglitly conca ve towards the lens, 
then its conjugate would have been straight. 

As before sLated, the point C has been determined by tracing 
the refraction of two rays,^ A F and A H, tlu’ough the lens. Anothei- 
method is, however, often employed. 

In every lens there is a point which is called its optical centre. 
This point is such that any i*ay, which in its refi-iction through the 
lens passes through this point, will emerge in a dii’ection parallel to 
its path before immergence. NTow as lenses for graphic and theoreti- 
cal purposes are often assumed to be of insensible thickness, it has 
become the practice to di*aw any ray passing through the optical 
centre of the lens n straight line. Obviously, if the lens has sensible 
thickness the i*ay cannot be considei-ed a straight line, and in the 
microscope, whence the lenses are very thick in proportion to the 
length of their foci, this method will lead to much eri‘or. Of course, 
in those cases where it can be bxken as a straight line, it saves the 
trouble of computing a second ray to intersect the first, as any i*ay 
intersecting the straight line will determine a conjugate focal point. 

In the upper part of fig. 26 the two rays, A F and A H, are 
tniced throvigh the lens to determine the point C, but in the lowei* 
pai‘t of the figure only the ray B K is traced, and the intersection of 
this ray by tlie straight line B I) passing through the optical centre 
gives the point I). 

2. An image is said to be virtufd when it cannot be received on 
a screen. Fig. 27 shows how a virtual image is foioned. The 
letters are the same as in the pi*eceding figure, so as to show the 
analogy between the two. The fundamental difference between 
this figure and the last is that the object A B is placed between P, the 
principal focus, and the lens. 

We have already seen from fig. 15 that when a radiant is phiced 
before a converging lens, and neai-er to it than its principal focus, 
the rays emerging from the lens are still divergent even after their 
refraction through the lens ; consequently they will never intersect, 

1 In the majority of the preceding diagrams the drawing has represented the 
facts accurately ; in this instance they are diagrammatic, the size of admissible illus- 
trations making an accurately traced ray impossible. 
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and as there is no focal point, there can be no screen image. 
Thus two rays radiating from the point A of the object A B fall on 
the lens and are refracted in the directions A F, AH: these are 
divergent and will never meet ; but if the human eye is placed near 
the lens, so that it can receive the rays F and H, the rays will be 
converged by the lens of the eye, and will be brought to a focal 
point in the retina. 

Similarly, from every point in A B there will be a corresponding 
retinal point. Now if we produce F and H backwards (see the 
dotted lines in the figure) we shall find that they intersect at the point 
C. As the rays F and H ai*e pi*eeisely identical with rays which 
would have divei'ged from the point C had it been an entity, the 
retinal image thei'efore will be an image of a non-existent picture 
CD. 

The method of di’awing tliis is exactly similar to that of the 


C 



preceding figure. The rays A F and A H ai'e ti*aced through the 
lens, and their pi’olongation backwards (see the dotted lines in the 
figure) gives the point C. Also, tis in the preceding figure, any 
point of the picture can be found by tracing one ray, such as K ; 
then the intersection of its backward prolongation with a straight 
line joining B with the optical centre, produced, will give D. 

The points C and D are cjilled the virtual conjugate foci of A 
and B respectively. In mathematical optics it appears as a negative 
quantity which satisfies an equation, and is a sort of metaphysico 
mathematical truth. In this case the vii’tual image is convex 
towards the lens. 

Fig. 27 illustrates the action of a simple microscope. The object 
itself is not seen, but the picture presented to the eye is an 
enlarged ghost of it. As some eyes can take in rays of less diverg- 
ence than others, it might happen that the rays C F, C H, were too 
divergent for the observer’s eyesight, in which case the lens would 
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have to be withdrawn from the object. Similai*ly, if the observer 
were short-sighted, the lens must be placed nearer the object to 
render the rays more divergent. Dr. Abbe points out ^ that the 
generally a<iopted notion of a ‘linear amplification at a certain 
distance ’ is, in fact, a very awkward and irrational way of defining 
the ^ amplifying powei* ’ of a lens or a lens -system. 

In the formula N = ^ the amplificiition of one and the same 

system varies with the length of I, or the ‘ distance of vision,’ and 
an arbitrary conventional value of I (i.e. 10 inches, or 250 mm.) 
must be introduce<l in order to obtain comparable figures. The 
ixctual ‘ linear amjdification ’ of a system is, of course, difterent in 





Fig. 2S. — The amplifying power of a lens. 


the case of a shoit-sighted eye, which pixyects the image at a dis- 
tance of 100 mm., and a long-sighted one, which projects it at 
1000 mm. Nevertheless, the '‘amplifying power ^ of every system is 
always the same fm' hoth^ because the short-sighted and the long-sighted^ 
ohse'i'vers obtain the image of the same object under the same visual 
angle, and consequently the same real diameter of the retinal image. 
That tJiis is so will be seen from fig. 28, where the thick lines show 
the course of the rays for a short-sighted eye, and the thin lines for 
a long-sighted one, the eye in each case being supposed at the pos- 
terior principal focus of the system. 

The other generally adopted expression of tlie power by N = 

may be put on a somewhat more rational basis than is generally 
done by defining the length ^ (10 inches) not as ‘ distance of distinct 
vision,’ but rather as ‘ distfince of projection of the image.’ As far 
as ‘ distinct vision ’ is assumed for determining the amplification, 
the value of N has no real signification at all in regard to an observer 

1 J’oni'n. R.M.S. vol. iv. ser. ii. p. 848. 
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who obtfiins distinct vision at 50 inches instead of 10 inches, and, in 
fact, many microscopists declare the ordinary figures of amplification 
to be useless for them because they cannot observe the image at the 
supposed distance. It appears as if — and many have this opinion — 
the performance of the microscope in regard to magnification 
depended essentially on the accommodation of the observer’s eye. 
This misleading idea, resulting from the common expression, is 
eliminated by defining the 10 inches merely as the distance from the 
eye at which the image is measured — whether it be a distinct or an 
indistinct image. For, if an observer, owing to the accommodation 
of his eye, obtains a distinct image at a distance of 10 feet, I may 
nevertheless assume a plane at a distance of 10 inches from the eye 
on which the distant image is virtually projected, and measure the 
<liameter of that projection. Now this diameter is strictly the same 
as the diameter of that image, which another observer would 
really obtain with distinct vision at that same distance of 10 
inches. 

The only difierence is that in the formei- case we must take the 
(centres of the cii*cles of indistinctness instead of the sharp image- 
points in the latter cjise. If the conventional length of Z= 10 inches 
is interpreted in this way (as distance of projection, independently 
of distinct vision) the absurdity at least of a real influence of the 
accommodation on the power of a microscope is avoided. It becomes 
obvious that for long-sighted and for short-sighted eyes the same N 
must indicate the same visual angle of the enlarged objects, or the 
same magnitude of the retinal image, because it indicates the same 
diameter of the projection at 10 inches distance. 

It was long since pointed out by Amici, that the introduction of 
a drop of water between the front surface of the objective, and 
either the object itself or* its covering glass, would diminish the loss 
of light resulting fi’om the passage of the rays from the object or its 
covering glass into air, and then fi*om air into the object-glass. 
This, which is known as ‘ water immersion,’ was, however, first sug- 
gested by Sir D. Brewster in 1813. But it is obvious that when the 
lays enter the object-glass from water instead of from air, both its 
refractive and its dispersive action will be greatly changed, so as to 
heed an important constructive modification to suit the new condi- 
tion. This modification seems never to have been successfully 
effected by Amici himself; and his idea remained unfruitful until it 
was taken up by Hartnack, who showed that the application of what 
is now known as the imnursion system to objectives of high power 
and large aperture is attended with many advantages not otherwise 
attainable. Foi*, as already pointed out, the loss of light increases 
with the obliquity of the incident rays ; so that when objectives of 
very wide aperture are used ‘ dry,’ the advantages of its increase are 
in great degree nullified by the reflection of a large proportion of 
the rays falling very obliquely upon the peripheral portion of the 
front lens. When, on the other hand, rays of the same obliquity 
enter the peripheral portion of the lens from water, the Ipss by re- 
flection is greatly reduced, and the benefit derivable from the large 
aperture is proportionately augmented. Again, the ‘immersion 
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system ’ allows of a greater working distance between the objective 
and the object than is otherwise attainable with the same extent of 
aperture ; and this is a great adva ntoge in manipulation. Further, 
the observer is rendered less dependent upon the exactness in the 
correction f(^r the thickness of the covering glass, which is needed 
where objectives of large aperture are used ‘ dry ; ’ for as the 
amount of ‘ negative aberration ’ is far smallei* when the luys which 
emerge from the covering glass pass into watei* than when they pass 
into air, variations in its thickness produce a much less disturbing 
effect. And it is found pi*actically that ‘ immersion ’ objectives 
can be constructed with magnifying powers sufficiently high, and 
apertures sufficiently large, for the naijority of the ordinary pur- 
poses of scientific investigation, without any necessity for cover-.ad- 
justment ; being originally adapted to give' the best results with a 
covering glass of suitable thinness, and small departures from this 
in eithei* direction occasioning comparatively little deter ioi'ation in 
their peiTormance. But beyond all these reasons for the superiority 
of the ‘ immersion system ’ is, as will be })resently seen, the fact that 
it admits into the lens a larger number of ‘ diffraction spectra ’ than 
cjin be possibly admitted by a lens working in air ; and upon this 
depends the perfect presentation of the image. 

The immersion system has still moi*e recently been advanced upon 
by the application of a principle which lies at the root of the optical 
interpretation of the images which modem lenses present, and 
which has gi*eatly increased the value of the microscope as a scientific 
instrument. It is an improvement that primarily depends upon a 
correct theoretical understanding of the principles of the construction 
of microscopical lenses, and the interpretation of the manner in 
which the image is realised by the observtu*. The late Mr. Tolies 
was the first to adopt this system, as we 2)oint out subsequently ; 
but it is to Professor Abbe we ai*e indebted for its practical appli- 
cation, thi’ough whom it is now known as the homogeneous system. 
The word ‘ homogeneous ’ was, however, first applied to microscope 
lenses by Tolies (1871), as may be seen in the following passage. . . . 
‘ two hemispherical lenses balsam -cemented, with a diatom or other 
small object at the centi'e, together cojistituting a neaily homo- 
geneous transparent globe’ (M. M. J., vol. vi. p. 214). ‘The idea 
of realising the various advantages of such ’ a system by constructing 
a certain class of homogeneous objectives had. Professor Abbe 
sjiys, ^ ‘ for some time presented itself to his mind.’ ‘ The matter 
assumed, however, subsequently, a different shape in consequence 
of a suggestion made by Mr. John Ware Stephenson, ... of 
London, who independently discovered the principle of homogeneous 
immersion.’ ^ 

This method consists of the replacement of water between the 
covering glass of the mounted object and the fi*ont surface of the 
object-glass by a liquid having the same refractive and dispersive 
power as crown glass. With such a fluid taking the place of air, it 

^ On ‘ Stephenson’s System of Homogenous Immersion for Microscopic Objec- 
tives ’ (Abbe), Journ. B.M.S. voL ii. 1879, p. 267. ^ 

3 Ibid. 
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follows that the correction collar, though still a refinement and aid 
in the attainment of the finest critical images, would be a necessity 
no more. 

The desirability of the construction of a combination of lenses 
which would satisfy these conditions was urged by Mr. Stephenson 
upon Professor Abbe, and he secured the profound knowledge, 
which, as a mathematical optician he possessed, for the complete and 
practical solution of the problems in\ olved, and the production of a 
remarkable series of lenses, marking a distinct epoch in the progress 
of theoretical and practical optics. 

He had, in fiict, as we have hinted, already approfiched the con- 
sideration of the subject from anotlier point of view, believing that 
petrogi’aphic work — the study of thin sections of mineral substances — 
could be fai- moi'e efiicdently accomplished by the use of homo- 
geneous lenses. But in the new aspect in which the problem was 
presented by Mr. Stephenson it carried with it new interest to Abbe,- 
not only as promising to largely dispense with the ‘ correction collar,^ 
but also to gi*eatly eida,i*ge the ‘ numeilcul apei*tui*e,’ and therefore 
secure a greater resolving power in tlie objective. 

One of the difficulties was to find a suitable fluid to meet the 
necessities as to I’efraction aiid dispersion. But after a long series 
of experiments Professor Abbe found tliat oil of cedar wood so 
nearly corresponds with crown glass in these respects that it served 
the purpose well. 

The result of Abbe’s calculations base<l on Mr. Stephenson’s sug- 
gestion was the construction by Carl Zeiss of a j^th with a N.A.’ 
of 1*25 of fine quality, and still higher promise, and subsequently 
of a -^th and a i^j^th in. olqective of a like character. 

It may be well to note that Amici suggested the use of oil 
instead of water j)rior to 1850, and Mr. Wenham again revived 
the suggestion in 1870.^ But neitlier of these is in even a remote 
sense an anticipation of the ^ homogeneous system ’ of lenses as we 
now understand it. The ^ oil immersion ’ in both instances was an 
expedient. The principle on which the construction carried out by 
Professor Abbe depended was the ‘ optical ’ principle that a medium of 
high refractive power gives an aperture greatly in excess of the 
maximum (180*^) of a dry lens ; while Abbe’s explanation, propounded 
in 1874, of the important bearing which the diffraction pencils have 
on the formation of the microscopic image makes the resolving 
power of the object-glass dependent upon the diffraction pencils that 
are taken up by it. 

All this was unknown or unadmitted by those who had previously 
suggested oil as an immersion medium, which leaves the homogeneous 
system as now employed wholly dependent vipon the principles 
enunciated by Abbe, arising from the practical suggestion of Stephen- 
son and resulting in the beautiful object-glasses of Abbe and Zeiss, 
although it is best just to remember that Tolies always maintained 
that his immersion objectives had a greater aperture than 180® air 

1 The meaning of this expression will be found on p. 49, but the whole of Chap. II. 
must be carefully read. 

* Monthly Micro. Joum. vol. iii. p. 808. 
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angle. Dr. Royston-Pigott constructed the first aperture table 
giving the relative values of dry, water, and homogeneous (nascent 
pencil) immersion objectives ; it is given in M, M. J., vol. iv. p. 26, 
(1870). 

One of the essential advantages of this system, beyond those 
stated, is that by the suppression of spherical aberration in front of 
the objective, facilities are afforded for correcting objectives of great 
numerical aperture, both in theory and piactice, that reduce it to 
the level of the problem of coirecting objectives of moderate ‘ angle.’ 
As a result, stimulated by the manifest advantage to be obtained 
and the wants of those engaged in actual i*esearch, Messrs. Powell & 
Le'aland, of London, very soon made a ^Lth inch and a r,Vfh inch 
objective on the homogeneous principle, with numerical apertures 
respectively of 1 *38, and during the year 1 885 produced lenses of an 
excellence impossible to any previous system of ^th inch, j^^h inch, 
and powei*, having i-espectively numerical apeituies of 

1*50, while 1*52 is the theoretical maximum. 

The use of a ‘ cori'ection collar ’ in homogeneous object-ghisses 
has been dispensed with, cori*ection being obtained by alteration of 
the tube length solely, but this must also be aided in endeavo\u*- 
ing to secure the most peiTect ‘ critical images ’ by a body-tu})e pi*o- 
vided with rack and pinion motion ; this should be of the best 
(piality, and if the object-glass is of perfect constiaiction and of latest 
foi-m (apochromatic, qjh), results never befoi*e attainable c.an be got 
with comparative ease. 

With such evidence of advance in the optical construction of 
microscopes, dependent apparently on such accessible conditions, the 
question of what is possible in the future of the instrument no doubt 
obtrudes itself that, however, can only be considered as having 
application to the area of our present knowledge and resoimces. It 
is impossible to forecast the future agencies which may be at the 
disposal of the practical optician. To photograph stars in the im- 
measurable amplitudes of space, absolutely invisible to the human 
eye, however aided, was hardly within the purview of the astronomers 
of a quarter of a century ago ; that there may be energies and 
methods discoverable by man that will open up possibilities to the 
eager student of the minute in nature which will just as widely 
overstep our present methods of optical demonstration, thei*e ciin be 
little reason to question. But it is no doubt true that with the in- 
struments and media now at the disposal of the pi actical optician 
no indefinite and startling advance in mici*oscopic optics is to be 
looked for. The ‘ atom ’ is infinitely inaccessible with any conceiv- 
able application of all the resources within our i*each. But optical 
improvement of great value, bringing nature more and more nearly 
and accurately within our ken and reducing more and more certainly 
the interpretation of the most difiicult textures and constructions 
in the minutest accessible tissue to an exact method^ is certainly 
within our sight and reach. It is not a small matter that the homo- 
geneous lenses were, in a comparatively short period of time, carried 
from a N.A. of 1*25 to 1*50 ; and this airried with it the capjicity 
theoretically indicated. 
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High refractive media can greatly reduce the value of even the 
wave-length of light, and what is possible in the production of vitreous 
combinations, refractive fluid media, and mounting substances we 
may not forecast ; but, judging from the past, we have by no means 
reached their limit. At the same time, it may be remembered that 
photo-micrography, by constantly covering a wider area of applica- 
tion with its ever increasingly delicate and subtle methods, is 
more penetrating in the revelation of structure than the human 
eye. 

It may be taken for granted that in the present state of optical 
mathematics the opticians, English, Continental, and American, 
have given up the quest of many things fruitlessly sought. Empty 
amplification is a folly of lenses of the past. Magnification without 
concurrent disclosxire of detail is of no moi*e scientific value for the 
disclosure of sti ucture than the projection of the photo-micrograph 
by an electric ai*c upon a screen would be. What is needed is an 
ever-increasing exactitude in the formation of the dioptrical image. 
The imperfection of this at the focal point springs fi*om two causes : 
one, as we have just demonstrated, arises fi*om the residual spherical 
and chromatic aberrations^ the othei* takes oidgin in the want of homo- 
geneity^ absolute precision of curve^ and inrfect centering of the system 
of lenses in a combination. This causes the cone of i*ays proceeding 
from the object to unite, not in perfect image points, but in ‘ light 
surfiices of gicater or* less extent — circles of dissipation ’ — which 
limits the distinctness of minute details. It is the faults of the ob- 
jective that in pi'actice ai*e alone important, and with the crown and 
flint glass commcmly at the disposal of the optician thei*e are two 
great drawbacks to perfection, or* i*athei* to an approximation to it. 

1 . The first ai*ises from the unequal course of the dispersion in 
crown and flint glass, already described, which makes it impossible 
to unite perfectly, with the properties they possess, all the coloured 
rays in an image. Absolute achromatism cannot by their means be 
attained, the dispersion at different parts of the spectrum being so 
greatly disproportional. It has never been possible to unite more 
than two different colours of the spectrum. The i*est, in spite of all 
effort, deviate and form the secondary spectrum, leaving, in the very 
finest lenses, circles of dispersion not to be excluded. 

2. The second defect ai*ises in the impossibility of cori*ecting by 
means of ordinary crown aiid flint glass the spherical abei^^^ation for 
more than OTie colour. If the spherical aberration be i*emoved as 
far as may be foi* the centre of the spectrum, there i*emains under- 
correction for the red, and over-correction for the blue and violet 
rays, presenting a want of balance betw een the chromatic corrections 
for the central and marginal zones of the objective. Although 
perfect chromatic cori*ections for the central rays may be effected, 
giving images of great bea\ity, the chromatic over-correction for the 
peripheral rays with oblique illumination will show the borders of 
the image with distinct chromatic fringes. 

To compensate these aberrations in the construction of an object- 
glass, what is needed is a vitreous material applicable to optical 
purposes possessed of such properties that a relatively smaller re- 
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fractive index conld be unitetl with a higher dispersive power, or a 
higher refractive index with a reLatively lower dispersive power. 
By proper combination of such materials, if they be provided with 
ordinary crown and flint glass to partly remove the chromatic and 
spherical aberrations independently of each other, and so to obey 
the conditions on which the removal of the chromatic difference 
depends, these aberi*ations could be compensated. 

All this was seen and fully demonsti-ated and set forth by Abbe 
as far back as 1876,^ and he pointed out that the further perfecting 
of the microscope in its dioptrical working was dependent on the 
art of glass making ; the production, that is to say, of vitreous 
compounds possessing different lelations of refractive and disper- 
sive power by [means of which the secondary spectrum could be 
removed. 

For practical purpo>es the matter wiis in abeyance until 1881, 
but since that time Dr. Schott and Professor Abbe, with the active 
co-operation of the optical workshops of Zeiss, undertook the 
laborious and prolonged investigation into the improvement of 
optical glass, to whicdi we have alluded ; the result has been the 
production of ‘ crown ’ and ‘ flint ’ glass possessing exactly the 
qualities foreshown as indispensable by Abbe. 

By chemical, physical, and optical research of a most laborious 
nature, and by specti ometi ic observations of numerous experimental 
fusions systematiciilly caiiied out with a large vaiiety of chemical 
elements, the relation between the vitreous products and their 
chemical composition has been more closely investigated. 

In the crown and flint glass produced up to the time of these 
investigations, the uniformity of property arose from the relatively 
small number of materials employed. Aluminium and thallium, 
with silica, alkali, lime, and lead, formed the limit. By the use of 
more chemical elements, especially phosphoi-ic and boric acid as the 
essential constituents of glass fluxes in the place of silica alone, flint 
and crown glass have been prodiuied in which the dispersion in the 
different parts of the spectrum is nearly proportional ; so that in 
achromatic combinations it is now a question of detail and practical 
optics to eliminate almost entirely the secondary spectrum. It is 
unfortunate, nevertheless, that a large number of these glasses, 
especially those of most value to the optician, have proved to be so 
unstable in their composition that opticians l efi’ain from using them. 
It may be hoped that further experiment and research will greatly 
reduce this defect. On the other hand, the kinds of glass which 
can be used for optical purposes have been so increased in variety 
that, while the mean index of refraction is constant, considerable 
variations can be given to the dispersion or to the refractive index 
while the dispersion remains constant. A high index of refraction 
is no longer of necessity accompanied by a high dispersion in 
flint glass, but may be retained in crown glass with a low degree 
of dispersion. 

The practical consequence of this is that both the imperfections 

1 Hoffman, A. W., Bericht iiher die ivissenachaftlichen Apparate avf der Lon- 
doner Intemationalen A^iaateUvrig im Jahre 1876. 



ADVANTAGES OF APOCHROMATIC OBJECT-GLASSES 33 


inalienable from an objective constructed of ordinary crown and 
flint glass, can he^ and have heen^ eliminated^ and the secondary 
spectrum annulled ; it is removed and reduced to a residue of 
chromatism of a tertiary character, while the chromatic diflference 
of spherical aberration can be eliminated or completely corrected 
for two different colours of the spectrum at once, and therefore 
practically for all. 

In the lenses formed of the crown and flint glass as used prior 
to the new German glass, we were provided with what (in com- 
parison with non-achromatised lenses) were called ^ achromatic ; ^ 
but in the new system of lenses, which may be ‘ dry ’ or ‘ homogeneous,' 
we have so great a freedom from colour defect as to admit of their 
being designated apochromatic lenses (d= privative ; \p(i)ijia= colour ; 
d7r6=from, away from ; ^|oai/ia=colour). 

The j)raci\cal advantages obtained by this system of object-glass 
construction are so great as in delicate researches to be invaluable — 
provided always that the work in all its details is of the most perfect 
kind. The accidental juxtaposition of lenses of the required curves, 
and, relatively, even the careful selection of lenses not homogeneously 
related to each other by a, unity of purpose and woi*k on the part of 
the practical optician, cannot yield perfect results. ‘ Division of 
labour ’ is not compatible with perfect results in the making and 
building up of an apochromatic lens ; and therefoi'e, in their best 
form, these objectives must apparently command a high price. But, 
given such an object-glass — which is the production of a thoroughly 
competent practical o[)tician — and its advantages, theoreticfil and 
practical, are great. 

1 . The aperture of the objective can he utilised to its full extent. 
In the best of the older object-glasses at least one-tenth of the 
available aperture was useless ; the inalienable defect in the con- 
vergence of the rays prevented a proper combined action of the 
outermost zone and the central parts of the apertui’e, and therefore 
by those objectives it has never been possible to realise the amount ^ 
of resolving power indicated by theory with a given aperture. But 
in a well -constructed apochromatic objective — the secondary spec- 
trum being removed, and the spherical aberration being uniformly 
corrected for different parts of the spectrum — there is a practically 
perfect focal concenti*ation of the rays in the image. 

2. Incfi^ease of magnifying power by means of specially constructed 
eye-pieces is also a most important feature of objectives of this class. 
The result of this is that great magnifying power can be obtained 
by objectives of relatively large fociil lengths. We have always 
maintained the utility of high eye-piecing under proper conditions, 
and with suitable apertures and fine corrections in the objective ; 
the physical brightness, we learn from Abbe, in every case depends 
only upon the apertuie and the total magnifying power ; and it is 
of no moment in what way the latter is produced — by means of focal 
length of the objective, length of tube, and focal length of eye-piece. 

^ Excepting when resolution is effected by light of extreme obliquity. If the 
outermost zone of the objective is corrected alone, and that only be employed, at that 
limit equally good resolution may be accomplished. 

D 
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But he has fui-ther shown us ^ that with the best objectives of the 
old construction, and with large apertures, the limits of a completely 
satisfectory clearness of image are reached when the si/^joer-amplifica- 
tion is four- to six-fold ; that is, when the total magnifying power of the 
objective and eye -piece together is four to six times as great as that 
obtained with the objective when used by itself as a magnifying 
lens. On the other hand, with apochromatic objectives the available 
super-amplification — even with the greatest apertimes — is at least 
twelve- to fifteen-fold, and considerably higher with medium and low 
objectives. 

3. Achi'omatism touches almost an ideal point in these objectives. 
The images are practically free from colour ovei- the entire area. 
This is of great value in photo-micography. The correction erroi’s 
of the ordinary achromatic systems are much more powerful as 
disturbing influences than in ordinary observation with the eye. 

4. In spite of the removal of the secondary spectrum certain 
colour deviations of a tertiary nature remained, and are inevitable 
in all objectives of great aperture in which the fi-ont lens cannot be 
made achromatic by itself. With ordinary achromatic objectives, 
from the properties of the glass used, the amount of this is very un- 
equal in the centi’al and peripheral parts, but in the apochromatic 
object-glass it is approximately constant for all parts of the opening^ 
and therefore it allows of correction by the eye-piece..^ a special con- 
struction possessing equal but opposite differences of magnifying 
power for difierent colours. The eye-piece is so constructed as to 
completely secure the desired result, and, as we have stated above, 
images free from colour are obtained. 

5. The classification of the eye-pieces for this system of objectives 

has been established by Abbe, and depends on the increase in the 
total magnifying power of the microscope obtained by means of the 
eye-piece as compared with that given by the objective alone. The 
number which denotes how many times an eye-piece increases the 
magnifying power of the objective, when used with a given body- 
tube, gives the measure of the eye-piece magnification, and 

at the same time the figures for rational numeration. ^ 

From theii’ properties these are known as ‘ compensjiting eye- 

pieces.* 

The following is a fair typical selection of the objectives and 
eye-pieces furnished from the workshops of Carl Zeiss, of Jena, on 
this important system, viz. : 

1 ‘On the Relation of Aperture to Power,’ Journ. B.M.S. 1883, p. 803. 

^ ‘ On Improvements of the Microscope with the aid of new kinds of optical glass ’ 
(Abbe), Joum. B.M.S. 1887, p. 25 et aeq. 
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It is of interest to note that Messrs. Powell and Lealand have 
since produced a remarkable lens on the sjime system, having a N.A. 
of 1-50, with a power of of an inch. Object-glasses are also now 
made by other makers, English, European, and Americixn, those 
having fluorite in them being termed apochromatic, while others 
made of new kinds of glass are called semi-apochromatic. Semi- 
apochromats are being daily improved, so much so that some recent 
objectives neaily equal apocln-omatic objectives themselves. 
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CHAPTER T1 

THE FBINCIPLES AND THEOBY OF VISION WITH THE 
COMPOUND MIGBOSCOPE 

We are now prepared to enter upon the application of the optical 
piinciples which have been explained and illustrated in the foregoing 
pages to the construction of microscojyes. These are distinguished 
as simjyle and cojnpouml^ each kind having its peculiar advantages 
to the student of nature. Their essential ditference consists in this, 
that in the former, the rays of light which enter the eye of the 
observer proceed dii*ectly from the ohject itself, aftei* having been 
subjected only to a change in their course, as we have shown by 
fig. 26, which fully explains the action of the simple lens ; whilst in 
the compound microscope an enlarged image of the object is formed 
by one lens, which image is magnified to tlie observei* by another, 
as if he were viewing the object itself. In the compoimd micro- 
scope not less than two lenses must be employed : one to foi*m the 
enlarged image of the object, immediately over which it is placed, 
and hence called the object-glass ; whilst the other again magnifies 
that image, and, being interposed between it and the eye of the 
observer, is called the eye-glass, A perfect object-glass, as we have 
seen, must consist of a combination of lenses, and the eye-glass is 
best combined with another lens interposed between itself and the 
object-glass, the two together forming what is termed an eye-piece. 
The compound microscope must be the subject of careful and de- 
tailed consideration ; but it must be remembered that the shorter 
the focus of the simple magnifying lens, the smaller must be the 
diameter of the sphere of which it forms part ; and, unless its 
aperture be proportionately reduced, the distinctness of the image 
will be destroyed by the spherical and chromatic abeiTations neces- 
Siirily resulting from its high curvature. Yet notwithstanding the 
loss of light and other drawbacks attendant on the use of single 
lenses of high power, they proved of great value to the older micro- 
scopists (among whom Leeuwenhoek should be specially named), on 
account of their freedom from the errors to which the compound 
microscope of the old construction was necessarily subject ; and the 
amount of excellent work done by means of them surprises every one 
who studies the history of microscopic inquiry. An important im- 
provement on the single lens was introduced by Dr. Wollaston, who 
devised the doublet^ still known by his name, which consists of two 
plano-convex lenses, whose focal lengths are in the proportion of one 
to three or nearly so, having their convex sides directed towards 
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the eye, and the lens of shortest focal length nearest the object. In 
Dr. Wollaston’s original combination no perforated diaphragm (or 
^ stop ’) was interposed, and the distance between the lenses was left 
to be determined by experiment in each case. A great improvement 
was subsecjuently made, however, by the introduction of a ‘ stop ’ 
between the lenses, and by the division of the power of the smaller 
lens between two (especially when a very short focus is required), so 
as to form a triplet^ as first suggested by Mr. Holland.^ When 
combinations of this kind are well constructed, both the spherical 
and the chromatic aberrations are so much reduced that the angle 
of apertui*e may be c;onsiderably enlarged without much sacrifice of 
distinctness ; and hence for all, save very low powers, such ‘ doublets ’ 
and ‘ ti'iplets ’ are far superior to single lenses. These combinations 
took the place of single lenses among microscopists (in this country 
at least), who wei’e pi*osecuting minute investigations in anatomy 
and physiology prior to the vast improvements effected in the com- 
pound microscope by the achromatisation of its object-glasses. 

Another form of simple magnifier, possessing certain advantages 
over the ordinary double-convex lens, is that commonly known by 
the name of the ‘ Coddington ’ lens.^ The first idea of it was given 
by Dr. Wollaston, who proi)osed to apply two plano-convex or hemi- 
spherical lenses by their plane side, with a ‘ stop ’ interposed, the 
central aperture of which should be equal to one-fifth of the focal 
length. The great advantage of such a lens is, that the oblique 
pencils pass, like the central ones, at right angles to the siirface, so 
that they are but little subject to aberration. The idea was, how- 
ever, gi-eatly improved upon by Sir D. Brewster, who pointed out 
that the same end would be much better answered by taking a 
sphere of glass, and grinding a deep groove in its equatorial part, 
which should be then filled with opaque matter, so as to limit 
the central aperture ; in other words, Brewster made Wollaston’s 
plano-convex lenses hemispheres. Such a combination gives a 
large field of view, admits a considerable amount of light, and 
is ecpally good in all directions ; but its power of definition 
is by no means equal to that of an achromatic lens, and its 
working distance is inconveniently small. This form is chiefly 
useful, therefore, as i\ hand-magnifier, in which neither high power 
nor perfect definition is required, its peculiar qualities rendering 
it superior to an ordinary lens for the class of objects for which 
a hand-magnifier of medium power is required. Many of the 
magnifiers sold as ‘ Coddington ’ lenses, however, are not really 
portions of spheres, but are manufactured out of ordinary double- 
convex lenses, and are therefore destitute of the special advantages 
of the real ‘ Coddington.’ The ‘ Stanhope ’ lens somewhat resembles 
the preceding in appearance, but differs from it essentially in 
properties. It is nothing more than a double-convex lens, having 
two surfaces of unequal curvatures, separated fi om each other by a 

1 Transactions of the Society of Arts, vol. xlix. 

^ This name, however, is most inappropriate, since Mr. Coddington neither was, 
nor ever claimed to be, the inventor of the mode of construction by which this lene 
is distinguished. 
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tliicknesK of glass, tlio (list:nioe of the two surfaces from 
each ()th(‘i hiaiig so adjusted that when tlic iiiorc^ coiivi'X is turiUMl 
towards lla‘ c\ c minute* ol)j<H*ts |)lac<‘d (nt the* other surface* shall be 
ill tlu' tocos of the l(*ns. 'fhis is mii co'^n mode* of applying a rather 
high magnifying j)ow(*r to scales ot‘ hutterllie's’ wings, and other 
similai* tiat and minute* o))j<*e“ts, which will r(*adily aelhere to the 
sni-fac(‘ of the* glass; and it also s<‘r\e*s to dt*tee*t the presemce eif the 
large*!' aniniale'ule‘s nr eif e‘r\stals in ininute* elreips eif tiuiel, to exhibit 
the ‘ (*e‘ls ' in paste* eir Mne*gar tVe*. A nioelitie*el form e)f the ‘Stan- 
hope’ le*ns, ill which t he* surfaea* re'ineite* from the eye is plane instead 
eif e*on\*‘\, has l)(*en hcooglit out in hi'ane*e^ uneler the name of 
‘ Stanhose*!)])!*,' anel has ))e‘e*n e*sj>ee'iallN apphe-el to the enlargement of 
minute* pie-t iu e*^ phe)togia,phe*el een its ]>lane* surface in the fe:)cus of its 
e*onve*\ surfae*e* A gooel ‘ Stanhe )se*e)pe*, magnifying from 100 to 150 
ehame‘te*is, is a ^'e*rv e einx e‘nie*nt feirm eif Imnel-magnifier for the 
re*e*ognit ion of diatemis, inf iisen ia, Aa*., all that is required being to 
place* .1 minute* elrop eif the* liepiiel te) he examined on the plane 
sui'fae*(* ot t he h'lis and the*n to heehl it upte) the light. But no hand 
le*nse‘s we* ha\e* \ e*t se*e*n will c'ompare* with the Steinheil ‘loups’ of 
six .inel te*n eliameters maele* h\ Ze*iss, anel lieicliart’s pocket loups. 

For t he ordinary purpe)se*s eif mie*rosce)pic dissection single lenses 
e>f f] om d ine‘he*s to 1 iiu h foe*us answer very well. But when higher 
[)owa*rsaie* ic<|nir(*d. and whe‘n the* use of even the lower powers is 
continueel toi <in\ le*ngth eif time*, great aelvantage is derived from 
the eiiqileiyment < >(’ achi omatie- ce emhinataons, now made expressly 
fortius pur[)ose* hy.se*\e'ral eipticiaus. The 8teinheil combinations 
give miieh mene' light than single* lenses, w ith much better definition, 
a v(*r\ Hat fiehl. longci' w'orking distance (wliich is very imjiortant 
in minute* elisse-ction), anel. as a consequence, greater ‘focal depth’ 
or ‘ ]H‘iu‘trat ion,' i.e*. a cl(*ai(*r view of those* [)ai*ts of the object 
which lie* ah()\(* or he*low the* e‘xact local pLine. And only those 
wh(> ha\e* cairi(*d on a pie'ce* o(‘ minute*, and elifficult dissection 
through s(*\e*ral conse*cutiv(* lioiii s can appreciate the advantage in 
comfort anel in (rmthusJH'd fatigue of ege w^hich is gained by the 
substitutiein of one eif the'se* achreimatie- e-emibinatioiis fbi* a single 
le*ns of e*epu\ale‘nt lde*us, e*\e‘ii where the use* eif the 
forme*!' ie*\(*als no el(*tail that is not discernible by the 
lattei'. 

Althemgh ne^t strie*tly its persition, it is c()nv(*nient 
liere to refer to wliat is know n as the ‘ Bi ucke* lens ; ’ 
it is muc'h ns(*el on the Continent, but eloe's not, a])- 
}M‘ai' in an\ English treatise we have s(*(*n It, has 
two ae-hi omatie- l(‘n.''.(*s foi* the objective*, and a. concave 
e>e lens, it is illustrated in fig. 29. 

To remedy the* inconvenience of the* l(*ns he*ing teio 
close* to the e)h)<*ct in all but low^ peiweis, (diaries 
(dievalie*!', in his ' Alanuel du Micrographe ’ (1839), 
Briicke lens, jiroposi'd to place aho\c a douhh't a concave achro- 
matic lens, the* elistanci* of which e-oulel Ik* \ai'iedat 
ple*asiu e*. Tlu* e*ff(*ct. of this comhinat iein I'^to ine-i (*ase* t la* magnifying 
powe*r anel lt*niitlu*n tlu* feicus. Thus ai i a nge*d, t his insti'iinu*nt will 
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be the most powerful of all simple microscopes, and the space 
available for scalpels, needles, &c. will be much greater than 
with a doublet alone. The further the concave lens is removed from 
the latter, the greater will be the amplification.^ Even in this, 
howevei*, Chevalier had been anticipated by Professor Joblot in 
1718 . 

This combination, applied to lenses for examining the eye and 
skin, allows the use of doublets which leave a considerable distance 
above the object, and it is this idea whicli has governed the con- 
struction of the Brucke lens. 

‘ The lens has a very long focus, and the construction is that of 
the Galileo telescope as applied to opera-glasses, but the amplifica- 
tion of the objective is much greater than that usually obtained in 
opera-glasses. The focus is about 6 cm., and the power three to 
eight times. The latter power is obtained by lengthening the tube, 
by which means the distance between the two lenses is much 
enlarged, and the amplification increased without inconveniently 
modifying the focus.’ 

This lens may be used in place of the body of a compound 
microscope, when it is desired to dissect or to find small objects, or 
it can be adapted to a simple microscope or lens-holder, with from 
8 to 8 cm. between the object and objective. But the Brucke lens, 
like the Galilean opera glass, has a very small field. 

Compound microscope. — The compound microscope, in its most 
simple form, consists of only two lenses, the object-glass and the 
eye-glass, and is a Keplerian telescope adapted for viewing very near 
objects. Tlie former receives the light-rays direct fiom the object 
brought into near proximity to it, an(l forms an enlarged but inverted 
and reversed image at a greater distance on the other side ; whilst the 
latter receives the rays which are diverging from this image, as if 
they proceeded from an object actually occupying its position and 
enlarged to its dimensions, and brings these to the eye, so altering 
their coui'se as to make that image appeal* far larger to the eye, pre- 
cisely as in the case of the simple microscope. It is obvious that, 
in the use of the very same lenses, a considerable variety of magnify- 
ing power may be obtained by merely altering their position in regard 
to each other and to the object. For if the eye-glass be carried farther 
from the object-glass, whilst the object is approximated nearer to the 
latter, the image will be formed at a greater distance from the object- 
glass, and the dimensions of the magnified image will consequently 
be augmented ; whilst, on the other hand, if the eye-glass be brought 
nearer to the object-glass, and the object removed further from it, 
the distance of the image from the object-glass will be less than if 
was before, and the dimensions of the magnified image will be 
correspondingly diminished. The amplification may also be varied 
by altering the magnifying power of the eye-pieces. In practice, 
variations in power must be obtained by altering either the objective 
or the eye-piece, or both, and the use of the draw-tube for this 
purpose must be altogether abandoned, because objectives are 

^ Robin, C., Traiti du Microscope et des Injections, 2nd ed. 8vo. pp. 88, 84. 
Paris, 1887. 
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corrected for a certain length of draw-tube, and, in order that they 
may work efficiently, that definite length of draw-tube must be 
maintained. 

In general it is not advisable to use with an achromatic objective 
a greater super-amplification than can be obtained with a 10-power 
eye-piece, or with an apochromatic objective that yielded with a 
12 or 18 power one. 

We shall facilitate the comprehension by the student of the 
principles of the modern form of a compound microscope by means 
of fig. 30. In this figure the optical portion, that is, the objective and 
eye-piece, are drawn to the full size, but the distance between these 
has, from the exigencies of sp^u^e, been much curtailed. A low- 
power objective has been specially chosen for simplicity, and a com- 
pensating eye-piece {vide Chapter V.) has been introduced to show 
its form and mode of action. 

The objective is a copy of an old Hoss 1-inch of 1856. The 
incident front (that is, the lens on which the incident beams from 
the object first strike) is a convex of long radius ; the incident sur- 
face of the flint lens of the back combination is a concave of very 
long radius, being in fact about twenty inches. 

The object F has only rays drawn from one side in order that 
a clearer perception of the path of the rays may be seen. This pair 
of rays passes from the ai*i*ow (object) through the combination of 
lenses forming the objective, giving an inverted real image at A 13. 
This image, in fact, has a convex cuiwe towards the eye-piece : this 
is a position that will tend to increase the curvature of the virtual 
iimige C D given by the eye-piece, the inverted image (A B) at the 
diaphragm of the eye-piece being the subject of still further and 
often great magnification. 

In addition to the two lenses of which the compound microscope 
may be considei*ed to essentially consist, it was soon found needful 
to introduce another lens, or a combination of lenses, between the 
object-glass and the image formed by it, the purpose of this being 
to change the coui*se of the rays in such a manner that the image 
may be formed of dimensions not too great for the whole of it to 
come within the range of the eye-glass. As it thus allows more of 
the object to be seen at once, it has been called the field-glass ; but 
it is now usually considered as belonging to the ocular end of the 
instrument, the eye-glass and the Jield-glass being together termed 
the eye-piece, or ocidar. Various forms of this eye-piece have been 
proposed by different opticians, and one or another will be preferred 
according to the purpose for which it maybe recpiired. That which, 
until the construction of the compenstition eye-pieces by Abbe, was 
considered the most advantageous to employ with achromatic object- 
glasses, to the performance of which it is desired to give the greatest 
possible effect, was termed the Huyghenian, having been employed 
by Huyghens for his telescopes, although without the knowledge of 
all the advantages which its best construction lenders it capable of 
affording. This eye-piece, with others, will be considered in detail 
in the chapter (v.) given in part to their consideration ; but this 
eye-piece consists of two plano-convex lenses, with their plane sides 
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towards the eye. A ‘ stop ’ or diaphragm, B B, must be placed 
between the two lenses, in the visual focus of the eye-glass, which 
is, of course, the position wherein the image of the object will be 
formed by the rays brought into convergence by their passage 
through the field-glass. Huyghens devised this arrangement merely 
to diminish the sphericiil aberration ; but it was subsequently shown 
by Boscovich that the chromatic dispersion was also in great part 
corrected by it. With the apochromatic lenses of the highest and 
best quality (see Chapter Y .) no amount of obtainable eye-piecing, if 
it be of the ‘ compensation * form, can bi*eak down the image. The 
editor has tried in vain to break down the image formed by a 
24 mm., a 12 mm., a 6 mm., and a 4 mm., all dry apochromatics 
by Zeiss, and especially with a |th by Powell and Lealand. It 
is, however, a matter of moment and interest to note that with 
good objectives of the ordinary achromatic construction of large 
N.A. the compensating eye-pieces give better icsults than 
Huyghenian. 

But of the old form of achromatic object-glass it is true of the 
majority that they will not bear high eye-piecing. ‘ B,’ 1^ inch in 
focus, is a convenient and useful eye-piece for viewing large flat 
objects, such as transverse sections of wood oi* of echinus- spines, 
under low magnifying powers. A flat large field may be obtained 
by means of a Kellner ; but, on the other hand, there is a very 
serious falling off of defining power, which renders the Kellner eye- 
piece unsuitable for objects presenting minute structural details ; 
and it is an additional objection that the smallest speck or 
smear upon the surface of the field-glass is made so unplea- 
santly obvious that the most ciireful cleansing of that sui'fice is 
required every time that this eye-piece is used. Hence it is 
better fitted for the ocaisional display of objects of the charactei* 
already specified than for the scientific requirements of the working 
microscopist. 

A ‘ positive ’ or Kamsden’s eye-piece — in which the field-glass, 
whose convex side is turned upwards, is placed so much nearer the 
eye-glass that the image formed by the objective lies below instead 
of above it — is sometimes used for the purpose of micrometry, a 
divided glass being fitted in the exact plane occupied by the image, 
so that its scjile and the image are both magnified together by the 
lenses interposed between them and the eye. The same end, how- 
ever, is also atbiined with the Huyghenian eye-piece, and it is 
doubtful if any advantage is gained by the Ramsden in microscope 
work. The compensating eye-piece is also used in conjunction 
with the micrometer. 

Aperture in microscopic objectives and the principles of micro- 
scopic vision. — It is now of the utmost moment that we should 
understand clejxrly the meaning and importance of ‘ aperture ^ in 
microscopic objectives, and by that means be led to a perception of 
the principles of the most recent and only rational theory of micro- 
scopic vision. Within the last twenty-five years this entire subject 
has vindergone a rigorous and exhaustive reinvestigation by one 
of the most competent and masterly mathematical and practical 
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opticians in the world, Professor Abbe of Jena ; and, as a result, 
some of the judgments and opinions, as well as what were supposed 
to be established truths, depending apparently upon the simplest 
principles, and not believed to be open to change, have been shown 
to be absolutely without foundation ; while principles hitherto quite 
unknown and unsuspected have been shown to operate and to rest 
on cleaily demonstrable mathematical and physicfil bases. The 
result has been a complete revolution of what were held to be 
fundamental principles of microscopic optics and the theory of 
vision with microscopic object-glasses. 

Professor Abbe c(mtends that one of the foremost errors relates 
to the mode in which microscopic images are formed. It was 
assumed that their formation took place on oi’dinary dioptric 
pi'inciples. As the camei*a or the telescope formed images, so it 
was assumed that the image in the compound microscope was 
brought about. The delicate and complex structure of an insect’s 
scale or of a diatom were believed to form their images according to 
the same precise dioptric laws by which the image of the moon or 
Mars is formed in the telescope. Hence it was taken for granted 
tliat every function of the microscope was detei’mined by the geo- 
metrically traceable relations of the refi‘acted i*ays of light. We 
would nevertheless remark that visibility of detail in, for example, 
the moon depends on the aperture of the telescope ; of course, what 
is known as its ‘a})erture’ is simply estimated ))y the diameter of 
the object-glass, but aocuraxy appears to i*eqiiiro that 7t sin = a 
ought to be applied to the telescope. In practice the diameter is 
taken conventionally for the sake of simplicity, as it makes no 
numerical diflerencis because the sines of small angles such as are 
dealt with in the telescope are proportional to the angles themselves. 
The microscope, on the other hand, deals with large angles ; con- 
sequently the sine cannot be dispense<l witli. 

But Professor Ab})e argues that a close examination in theory 
and practice of the conditions of vision with microscopic objectives 
shows that such an estimate of aperture is wholly wrong in prin- 
ciple. The front lens of a objective may be no more than the 

-'j^th of an inch in diameter, while a 3-in. objective may have a 
diameter of half an inch. Yet it is the smaller lens that has by far 
the larger ‘ aperture.’ 

Light is dispersed fi’om every point on the sui’fijce of an object 
in all directions up to 1 80^. Only an extremely narrow pencil of 
this can be received by the human eye, a large i)encil of light 
emanating from the (d)ject being lost on each side of what the eye 
leceives. The apparent pi’oblem of practiml optics is to be able, 
by means of lenses, to gather up and bring to a fijcus as many of the 
unadmitted rays as jK)ssible. The general manner in which lenses 
act in doing this we have endeavoured in an elementary manner to 
show. 

Soon after achromatic object-glasses were first made, Dr. Goring 
found that the markings on special objects — such as the scales of 
the wings of insects — could be seen by some object-glasses, while 
with others, although the magnifying power was equal, it was im- 



44 VISION WITH THE COMPOUND MICROSCOPE 

possible to discern them. In every case the greater ‘ angle ’ was 
shown to possess the greater ‘ resolving ’ or delineating power ; and 
this led to the imp<^rtant (;oncliision that power of ‘ resolution ’ in a 
lens was dependent upon ‘ angular aperture.’ 

This, however, was at a time when only ‘ diy ’ objectives were in 
use ; the immersion and homogeneous systems, as we use them, were 
unknown. 

But (as we shall subsequently see), even with objectives employed 
only with air, the angle of the radiant pencil did not aftbrd a true 
comparison ; when immersion objectives were introduced — objectives 
in which water or cedar oil replaced the air between the objective 
and the upper surface of the cover of the mounted object — the 
use of angles of aperture became in the utmost degree misleading ; 
for different media with different refractive indices were employed, 
and the angle of the radiant pencil was supposed not only to admit 
of a comparison of two apertures in the wime medium, but also to 
be a standard of comj)arison when the media were different. It 
was, in short, believed that an angle of 180° in air represented 
a large excess of aperture in comparison with 96° in water and 
82° in balsam or oil, denoting, in rejility, what was believed 
to be the maximum aperture of any kind of objective, which 
could not, it was held, be exceeded, but only equalled, by 180° 
in water or oil ; in other words, that a ra<liant pencil has exactly 
the same value, when the angles are ecpial, no matter what the 
refractive index of the medium through which the pencil might 
be passing. 

But to a thorough physical and mathematical study of the ques- 
tion such as that in which Professor Abbe engaged, it soon became 
apparent that even in the same medium the only exact method of 
comparison for objectives — when the fundamental phenomena, of 
optics (which the older opticians had disregarded) were taken into 
account — was not a comparison by the angles of the i*adiant pencils 
only, but a comparison by their sines ; while, when the media are 
different, the indices of those media would be found to form an 
essential factor in the })roblem ; for an angle of 180° in air is equal 
to 96° in water or 82° in oil ; hence three angles might all have the 
same number of degrees and yet denote different values, according 
as they were in air, water, or oil. 

Thus there might be lai-ge divergence of apert%Lre in two or 
more cases while the angle was identical, and from this the greatest 
confusion was not only possible but was realised. 

A solution of the difficulty was (as we have indicated above) 
discovered by Professor Abbe ; and it is to Mr. Frank Crisp’s lucid 
exposition of Abbe’s elaborate monographs that the English student 
is immensely indebted.^ 

The definition of ‘ aperture ’ in its legitimate sense of ‘ oj)ening ’ 
is shown by Abbe to be obtained when we compare the diameter of 

1 ‘On the Estimation of Aperture in the Microscope’ (Abbe), Joum. li.M.S. 
ser. ii. vol. i. 888 ; ‘ Notes on Aperture, Microscopical Vision, and the Value of wide- 
angled Immersion Objectives,’ zbid. 803 ; ‘ The Aperture of Microscope Objectives,’ 
English Mechanic, 
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the pencil emiergent from the objective with the focal length of that 
objective. 

It will be desirable to explain somewhat more in detail how 
this conclusion is arrived at, as given in Professor Abbe’s 
papers. 

Taking in the first case a .ww/Ze-lens microscope, the number of 
rays admitted within one meridional plane of the lens evidently in- 
creases as the diameter of the lens (all other (drcumstances remaining 
the same), for in the microscope we have at the back of the lens the 
same circumstances as are in front in the cjise of the telescope. The 
larger or smaller number of emergent rays will therefore be properly 
measured by the clear diameter ; and, as no rays c^n emerge that 
have not first been admitted, this must also give the measure of the 
admitted rays. 

Suppose now that the focal lengths of the lenses compared are 
not the same — what, then, is the proper measure of the rays 
admitted ? 

If the two lenses ha ve ecpial openings but different focal lengths, 
they transmit the same number of rays to equal areas of an image 
at a definite distance, because they would admit the same number if 
an object were suhstitutcnl for the image — that is, if the lens were 
used as a telescope -objective. But as the focal lengths are different, 
the amplification of the images is difterent also, and equal areas of 
these images coiaespond to different areas of the object from which 
the rays are collected. Therefore the higher-power lens, with the 
same opening as the lower power, will admit a greater number of 
i*ays in all from the same object, because it admits the same number 
a-s the latter from a- smaller portion of the object. Thus, if the focal 
lengths of two lenses are as 2:1, and the first amplifies N diameters, 
the second will amplify 2 N with the same distance of the image, so 
that the rays which are collected to a given field of 1 mm. diameter 

of the image are admitted from a field of mm. in the first case 


and of 


^^nini. in the second. 
2N 


Inasmuch as tlie ‘ opening ’ of the 


objective is estimated by the diameter (and not by the area), the 
higher-power lens admits twice as many rays as the lower power, 
because it admits the same, number from a field of half the diameter, 
and in general the admission of rays with the same opening 
but different powers must be in the inverse ratio of the focal 
lengths. 

In the case of the single lens, therefore, its aperture must be 
determined by the ratio hetimen the char opening and the focal 
length, in order to define the same thing as is denoted in the telescope 
by the absolute opening. 

Consider now the compound objective — the most important case 
in the microscope. Wliat is the opening of this composite system 1 
We must adhere to the diameter of the admitted cone at that plane 
where it has its ultimate maximum value, which is obviously the 
diameter of the pencil at its emergence, from the system, or, practi- 
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cally, the clear^ effective diameter of tfte hack lens. The emergent 
pencil from a microscope -objective converging to a relatively distant 
focus has its rays approximately parallel, and the conditions are 
once more similar to those of the telescope-objective on the side of 
the object. The diameter of this emergent pencil, whether it emerges 
from a single lens or from a composite system, must therefore always 
have the same signification. The influence of the power on focal 
length also remains the same as in the c^ise of the single lens. An 
objective with a focal length equal to half that of another admits, 
with the same linear opening, twice as many rays as the lattei*, 
because the amplification of the image at one and the same distance 
is doubled, and the same number of rays consequently are admitted 
by the higher power from a field of half the diameter. And this 
will hold good whether the medium around the object is the same 
in the case of both objectives or different ; for an immei'sion system 
and a dry system always give the same amplifiaition when the foctil 
length is the same. 

Thus we arrive at the general proposition foi* all kinds of objec- 
tives. First, when the power is the stime, the admission of rays 
varies with the diameter of the pencil at its emergence. Secondly, 
when the powers are difierent the same admission requires different 
openings in the proportion of the focal lengths, oi*, conversely, with 
the same opening the admission is in mverse proportion to the focal 
length — that is, the objective which has the wider pencil relatively 
to its focfil length has the larger aperture. 

Thus we see that, just as in the telescope the absolute diameter 
of the object-glass defines the aperture, so in the microscope the 
ratio between the utilised diameter of the back lens and the focal 
length of the objective defines its aperture. 

This definition is clearly a definition of apertui*e in its primaiy 
and only legitimate meaning as ^ opening ’ — that is, the capacity of 
the objective for admitting rays from the object and tiunsmitting 
them to the image ; and it at once solves the difliculty which has 
always been involved in the consideration of the apertures of 
immersion objectives. 

So long as the angles were taken as the proj)er expression of 
aperture, it was diflicult for those who were not well versed in 
optical matters to avoid regarding an angle of 1 80° in fiir as the 
maximum aperture that any objective could attain. Hence, water- 
immersion objectives of 96° and oil-immersion objectives of 82° 
were looked upon as being of much less aperture than a dry objective 
of 180°, whilst, in fact, they are all equals that is, they all transmit 
the same rays from the object to the image. Therefore, 180° in 
water and 180° in oil are unequal, and both are much larger aper- 
tures than the 180° which is the maximum that the air objective cnn 
transmit. 

If we compare a series of dry and oil-immersion objectives, and, 
commencing with very small air-angles, progress up to 180° air- 
angle, then taking an oil-immersion of 82° and progressing again to 
180° oil -angle, the ratio of opening to power progresses continually 
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also, and attains its maximum, not in the case of the air-angle of 
180° (when it is exactly equivalent to the oil-angle of 82°), but is 
greatest at the oil-angle of 180°. 

If we assume the objectives to have the same power throughout, 
we get rid of one of the factors of the ratio, and we have only to 
compare the diameters of the emergent beams, and can represent 
their relations by diagrams. Fig. 31 illustrates five cases of different 
apertures of J-in. objectives — 
viz. those of dry objectives of 
60°, 97°, and 180° air-angle, a 

water-immersion of 180° water- ' Numerical Aperture 

angle, and an oil-immersion of / f \ \ = 180° oii-angie. 

180° oil-angle. The inner dotted \ ^ j j 

circles in the two latter cases \ / 

are of the same size as that 

corresponding to the 180° air- 

angle. ^ 

A dry objective of the full Numerica^Aperture 

maximum air-angle of 180° is ( ^ ',1 = 180 ® water-angle, 

only able (whether the first sur- I \ / I 

face is plane or concave) to utilise 

a diameter of back lens equal to ^ 

twice the foc^il length, while an ^ . 

immersion lens of even only 100 ° / 

(ill glass) requires and iitiiises a I 3 ) = jrwiSlkngie 

larger* diameter, i.e, it is able \ / = 82® oii-angie. 

to transmit more I’ays fi*om the ^ 

object to the image than a7ig 

dry objective is capable of trans- Numerical Aperture 

iiiitting. Whenever the angle of V ^ ^ = 97 » M^-angie. 

an immersion lens exceeds twice ^ 

the critical angle for the immer- 
sion-fluid, i.e. 96° for water or Numerical Aperture 

82° for oil, its aperture is in ex- = eo® air-angie. 

cess of that of a dry objective of 

100° Fig. 31. — Relative diameters of the (uti- 

TTivinir ^jpttlpd thp nrincinlp various dry and 

Having settled tne pimciple, immersion objectives of the same 

it was still necessary, however, power (i) from an air-angle of 60° to 

to find a proper notation for com- an oil-angle of 180°. 
paring apertures. The astrono- 
mer can compare the apertures of his various telescopes by simply 
expressing them in inches ; but this is obviously not available to 
the microscopi.st, who has to deal with the 7'atio of two varying 
quantities. 

Professor Abbe here again conferred a boon upon microscopists by 
his discovery (in 1873, independently confirmed by Professor Helm- 
holtz shortly afterwards) that a general relation existed between the 
pencil admitted into the front of the objective and that emerging 
from the back of the objective, so that the ratio of the gemi-diameter 
of the emergent pencil to the focal length of the objective could be 


Numerical Aperture 
]*33 

= 180® water-angle. 


Numerical Aperture 
1-00 

= 180® air-angle 
= 96® water-angle 
= 82® oil-angle. 


Numerical Aperture 
•76 

= 97° air-angle. 


Numerical Aperture 
•60 

= 60® air-angie. 


Fig. 31. — Relative diameters of the (uti- 
lised) back lenses of various dry and 
immersion objectives of the same 
power (i) from an air-angle of 60° to 
an oil-angle of 180°. 
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expressed by the sine of half the angle of aperture {ic) ^ multiplied 
by the refractive index of the medium (n) in front of the objective, 
or 71 sin u {n being 1*0 for air, 1*33 for water, and 1*5 for oil or 
balsam). 



Fio. B2. — Illustration of the law of consequence for aplanatic systems. 


Let O and O* (fig. 32) be the conjugate aplarnitic foci of a wide- 
angled system ; u, tJ the angles of inclination of any two rays admitted 


^ In the original translation of tlie papers of Professor Abbe from German into 
English the German mathematical symbols have been retained. In the summary of 


-fi sin 0-l'5x*573=-86. 

A 

n sin f/ = l*5 X •573 = *86 


35y oil n - 7-5 

glass ju '5 \ 

/ glass n=/' 5 

air »*= 

,,''71* sin u* 

jusin 

sin n*=l-0x-86=-86. 

/x'8in«^'=l*0x*86=*86 


Angnlaraperture of 
objective = 36® 4 - 
35° = 70° in glass, 
which is equiva- 
lent to the angular 
aperture of the 
condenser = 60° + 
60°= 120° in air. 


Pig. A1. — Identity of n sin u (German math, form) with /x sin <f> (English). Also N.A. and 
angular aperture. 


Abbe’s theories and demonstrations presented in the following pages the Editor has 
Boaroely felt justified in altering this, especially as the German form of symbol ob- 
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from the radiant, and U* the angles of the same rays oh their 
emergence ; then we shall have always 

sin U* : sin : : sin U : sin w ; 


or, 


si^U* 
sin U 


sin u* 

= const. = c ; 

sin u 


that is, the shies of the angles of the conjugate rays on both sides of 
an aplanatic system always yield one and the mine quotient c, what- 
ever rays may be considered, so long as the sjime system and the 
same foci are in question. 

This proposition holds good for every arrangement of media, and 
refi*acting surfaces that may go to the composition of the system, and 
for every position of object and image. It is the Liw upon which de- 
pends the delineation of an image by means of wide-angled pencils. 

When, then, the values in any given cases of the expression 
71 sin u (which is known as the ‘ numerical aperture ’ and expressed 
by N.A.) has been ascertained, the objectives are instantly compared 
as regards their aperture, and, moreover, as 180® in air is equal to 
1*0 (since n=l*() and the sine of half 180° or 90°= 1*0), we see with 
equal readiness whether the aperture of the objective is smaller or 
larger than that corresponding to 180° in air. 

Thus, suppose we desire to compare the relative ajierture of three 


tains in our Universities, and is thoroughly understood amongst University men. 
But to those unaccustomed to mathematical formulee confusion might easily arise 
from the juxtaposition of different symbols meaning precisely the same thing. To 
meet the possible necessity of these this footnote is inserted with an accompanying 
diagram to illustrate the identity of ‘ n sin u* with ‘yu sin </>.’ 

The student who has mastered Snell’s Law of Sines, given and illustrated on p. 8 
(fig. 1), will by a glance at the figure A1 on p. 48 understand the meaning and import- 
ance olF the expression ‘ N A.’ (numerical aperture) and at the same time will grasp 
wherein it differs from ‘ angular aperture ’ (q.v.). He will also perceive how it comes 
to pass that an angular aperture of 70° in q/ass is equivalent to an angular aperture of 
120° in air. 

In the figure the upper hemispherical lens represents the front of a homogeneous 
immersion objective. It is supposed to be focussed on an object in contact with the 
lower side of a cover-glass. Between the plane front of the lens and the upper surface 
of the cover-glass is a drop of oil of cedar-wood, whose refractive index is 1*5, being 
thus identical with the cover-glass and the front lens. 

It is understood that no slip is used, and that there is nothing between the object 
and the front lens of the condenser. 

In this case the axis A B is the normal (p. 5, fig. 2) ; on the left-hand side there 
is a ray which makes an angle of 35° with the normal in glass issuing into air on the 
right-hand side of the normal. By Snell’s formula (p. 8) — 

/u sin <p~ fx sin <p'\ 

u sin A 1*5 X *678 . 

fx 1*0 

<p' — 60° (from Table I.) 

Therefore the ray on emerging from the under surface of the cover-glass will make 
an angle of 60° from the normal. 

The dotted lines show the path of the ray where the German symbols are used, 
n sin u =n* sin u* ; 

Bin 

n* 1*0 

^,* = 00° (from Table I.) 

Numerical aperture ^ therefore, is the sine of half the angular aperture multiplied 
by the refractive index of the medium. 

It will be observed that the rays passing through the oil of cedar enter the front 
lens without refraction ; this is due to the fact that the media in which the rays are 
travelling are of the same refractive index, i.e. they are homogeneous. 
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objectives, one a dry objective, the second a water-immersion, and 
the third an oil-immersion. These would be compared on the 
angular aperture view as, say, 74° air-angle, 85° water-angle, and 
118° balsam -angle ; so that a calculation must be worked out to 
arrive at a due appreciation of the actual relation between them. 
Applying, however, ‘numericar aperture, which gives *60 for the dry 
objective, *90 for the water-immersion, and 1 *30 for the oil-immersion, 
their relative apertures are immediately appreciated, and it is seen, for 
instance, that the aperture of the water-immeision is somewhat less 
than that of a dry objective of 180°, and that the aperture of the 
oil-immersion exceeds that of the latter by 30 per cent. 

When these considerations have been appreciated, the advantage 
possessed by immersion in compaiison with dry objectives is no 
longer obscured. Instead of this advantage consisting merely in 
increased working distance or absence of correction-collar, it is seen 
that a wide -angled immersion objective has a larger aperture than 
a dry objective of the maximum angle of 1 80° ; so that for any of 
the purposes for which aperture is desired an immersion must 
necessarily be preferred to a dry objective. 

1. There exists then a definite ratio between the linear opening 
and the focal length of a system, which must be entirely indepen- 
dent of the composition and arrangement of the system, and solely 
determined by the above-mentioned aperture equivalent of the 
admitted cone of rays. When the equivalent is the same we have 
always the same proportion of opening to focal length, whatever may 
be the particular arrangement of refracting media in the system. 

2. If the objectives whose apertures are compared work in the 
same medium, and admit angles of, stiy, 60°, 90°, 180°, their aper- 
tures are not in the ratios of those numbers, but are as *50, *70, and 
I’O. The 180°, for instance, does not represent three times the apei*- 
ture of the 60°, but Uvice only. 

3. If the objectives work in different media, as air and oil, the 
latter may have an aperture exceeding that of a dry objective of 
180° angle. For with the dry objective the refractive index (?«-) and 
the sine of half the maximum angle (ii) both=rl, so that n sin u 
= 1 also, whilst with the immersion objective n is greater than 1 (say 
1*5 for oil), and the angle u may therefore be much less than in the 
case of the dry objective, and yet the value of the expression n sin 'h. 
(i.e. the aperture) may be greater than 1*0. 

The two latter deductions are so directly opposed to what was 
accepted by the older opticians and microscopists that a closer if 
brief consideration of some of the points which bear upon this branch 
of the subject may here be serviceably summarised. 

Take, first, the case of the medium being the same. 

Difference of aperture involves a different quantity of light ad- 
mitted to the objective provided all other circumstances are equal. 
Hence the question of aperture leads to the consideration of the photo- 
meVrical equivalent of different apertures or aperture angles. It is 
not of the essence of the problem, but it affords an additional illus- 
tration of numerical aperture, and is thus of great service in its 
exposition. It is manifest that aperture cannot be based on quantity 
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of light alone — more light can always he obtained in the image by 
throwing more upon the object — but no increase in the amount of illu- 
mination can make a dry lens equal in performance as regards aperture 
to a wide-angled immersion lens. 

The popular notion of a pencil of light may be illustrated by 
fig. 33, which assumes that there is equal intensity of emission in 
all directions, and that the intensity of a portion of the pencil taken 
close to the perpendicular is identical with that of another portion 
of equal angular extension, })ut more removed from the perpendicular. 
On this view, therefore, the quantity of light contained in any given 
pencils may be compared by simply comparing the contents of the 
solid cones. 

When, however, aperture is considered, and the values of n sin u 
ai*e worked out for particular cases, they ai*e seen to differ from 



Pig. 38. — Diagram showing erroneous inference as to the intensity of emitted rays, 


those obtained by estimating in the above manner the amount of 
light in the solid cones, and some perplexity naturally arises froiii 
the supposition that the measure of the aperture of the objective does 
not correspond to that of the quantity of light which it admits. 

All this arises from the mistaken a.s.sumption that a luminous 
pencil is properly repi’csented by fig. 33. 

In the last century (1760) Bouguet^ and Lambert ^ established 


the important fact that 
with any surface of uni- 
form radiation the inten- 
sity of the emitted rays is 
not the same in all dii*ec- 
tions. The power of emis 
sio7i and the intensity of 
the rays (i.e. the quantity 
of light emanating fi’om 
a given surface-element 
within a cone of given 
narrow angle) varies in 
the proportion of the co- 
sine of the angle of obliqui- 



Fig. 34. — The intensity of emitted rays is not the 
same m all directions. 


ty undei* which the i*ay is 


emitted ; in other words, in the proportion of the cosine of the angle 


of deflection from the perpendicular to the luminous suidace under 


^ TraiU d’Optique sur la Gradation de la Ltuniere, 1760. 

^ Photo metAa, 1760.^ 

£ 2 
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which the ray is sent out. The mys are more intense in proportion 
as they are inclined to the surface which emits them, so that a pencil 
varies in proportion as it is taken close to or is removed from the 
perpendicular. A pencil is not, therefore, correctly represented by 
fig. 33, but by fig. 34, the density of the rays decreasing continuously 
from the vertical to the horizontal. 

Owing to the different ©mission in different dii'ections, the quan- 
tities of light emitted by an element in the same medium in cones of 
different angle such as w and i//, fig. 35, are not in the ratio of the 
solid cones, as would be the case with equal emission, but in the 
ratio of the squares of the sines of the semi -angles so that the squares 
of the sines of the semi -angles constitute the true measure of the 
quantity of light contained in any solid pencil. 

When, therefore, the medium is the same, it is seen that there 



is no contradiction between the measure of the aperture of an ob- 
jective (?i sin u) and that of the quantity of light admitted by it 
the latter being (n sin u)^. 

The simplest experimental proof of the unequal emission in 
dififei-ent directions will be found in the fact that the sun, the moon 
the porcelain globe of a lamp or any other bright sphericiil object 
with so-called uniform radiation in all dii*ections, is seen projected 
as a surface of equal brightness. If there were equal intensity of 
emission in all directions, what would be the necessary result? 
Compare two equal portions of the surfitce, one, a (fig. 36), perpen- 
dicular to the line of vision, and the other, 6, greatly inclined. 
Every infinitesimal surface-element of 6 sends to the pupil of the eye 
a cone of the same angle it', as a vsimilar point of a (the slight differ- 
ence of the distance from the eye being disregarded). If the in- 
tensity of the rays were equal as supposed, the whole area 6 would 
send to the eye the same quantity of light as the equal area a, 
since both areas contain exactly the same number of elements. But 
the wAole quantity of light from b would be projected upon a 
smaller area of the retina than that from a (as b appears under' a 
smaller visual angle, being diminished according to the obliquity, or 
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as 1 : cos w). Consequently, if the Jissumption were true, h must 
appear to be brighter than a, and the sphere would show increasing 
brightness from the centre to the circumference* Close to the 
margin the increase ought to be very rapid, and the brightness a 
large multiple of that at the centre. 

This, as is well known, is not the case, the projection of the 
sphere showing equal brightness. The quantity of light, therefore, 
emitted from h within a given small 
solid cone in an oblique direction 
must be less than that which is emit- 

ted from a within an equal solid cone / \ 

u in a perpendicular direction, and the / \ 

intensity of the rays must decrease in | 

the proportion of 1 : cos lo when the I j 

obliquity w increases. .4 

As then in one and the same \ yT'x 

medium the number of rays conveyed ^ 

by a pencil and the photometrical . " /iT tT 

quantity of light are pi'oportional, this ‘ • I // 

theorem of Lambert, established for ^ //^ 

more than a century, is sufficient of I // 

itself to overthrow the very basis of I // 

the angular expression of aperture, | / / 

and to prove that, when we are dealing j / 

with one and the sarne medium only, j / 

the ayigle is not the sufficient expres- I / / 

sion, but that it is the sine of the semi- I / 

angle which must be taken. j / / 

We may pass now to the case of the j / / 

media being different^ as air and oil, I / / 

and comparing the aperture of a dry I / 

objective of 180° with that of an oil-im- j , / 

mersion objective of 100°, the values of / / 

71 sin u (or the ‘ numei’ical ’ aperture) / 

give I’Oforthe former and 1*17 for the / / 

latter, which is therefore represented to / / 

have a la7'ger aperture than a dry ob- / 

jective of the greatest possible angle. V 

In this case also considerable per- 
plexity has arisen. It has been assumed 86.— Diagram of a bright 

that the total amount of light emitted spherical object emitting 

from a radiant point under a given light, 

fixed illumination must be the same, 

whether the point is in air, water, or oil, and that that being so, 
the 180° admitted by the dry objective must represent a maximum 
quantity of light, a ‘ whole ’ which cannot be exceeded, but only 
equalled, by a water- or oil-immersion objective. The numerical 
aperture notation giving figures in excess of 1*0 (which represents 
180° in air) is consequently supposed to be clearly erroneous and 
misleading. Here the whole difficulty lies in the absolutely false 
assumption that there is identity of radiation in different media. 



54 


VISION WITH THE COMPOUND MICROSCOPE 


In 1864 R. Clausius established, by distinguished research, the propo- 
sition ^ that the power of emission of a body — in regard to heat as well 
as light — is not the same in different media, but varies in the I'atio 
of the squares of the refractive indices, so that the whole emitted 
light from any surface -element of a self-luminous body is increased 
in the proportion of 1 : when this body is brought from air into a 

denser medium of refractive index n. If a glowing body at a con- 
stant temperature, such as a bar of iron, could be immersed in a 
medium of 1*5 refractive index in such a way that the surface were 
in optical contact with the medium, and the eye of the observer im- 
mersed likewise in suitable conditions, the body would be seen brighter 
in all directions in the proportion of 9 : 4 than it appeared in air. 

The whole hemisphere of radiation in aii* is indeed less than the 
whole hemisphere of radiation in water or oil, as the squares of the 
refractive indices of the media, viz. as 1*0, 1*77, and 2*25. 

Thus it is seen that the quantity of light emitted from an object 
under a given illumination is not measured by the angle of tlie 
emitted cone at the radiant, nor can it be measured in any way by 
means of the angle alone. The quantity depends under all circum- 
stances on the product of the sine of the semi-angle and the refractive 
index of the medium in which tJts object is luminous, and is expressed 
by the square of this product, or by the square of the ‘ numerical 
aperture ’ of the pencil. 

It thus follows that the estimation of the quantity of light is 
found to be in complete accordance with the expression of aperture.^ 

We are now prepared to advance to another point. It was a 
view very commonly held until recently, that the supei iority of im- 
mersion objectives over dry ones was confined to the case of the 
former being used with balsam-mounted objects. 

If we have a pencil in air, say 170°, as shown in fig. 37, a dry 
objective of large aperture will be able to admit it. If, however, the 
object is in balsam, as in fig. 38, it is no longer possible for so large 
a pencil to emerge from the balsam. The rays shown by the dotted 



Fig. 37. 


lines in fig. 38 will be totally reflected by the cover-glass, and only 
those within a smaller angle of 82° will pass out. Although these 
are expanded into 180° on emerging into air, of which the objective 
takes up 170°, yet this 170° contains, it is supposed, less light than 
the 170° in fig. 37, as it has been ‘diluted^ by the refraction. 

1 ‘ Ueber die Concentration von Warme- und Dichtstrahlen &c.’ Pogg. Annalen 
d. Physik, cxxi. 1864. 

^ * Pig. A 2 gives a good, practical illustration of the relative illuminating power of 
objectives of varying apertures, and at the same time affords a simple explanation 
of the reason why (n sin uY is a measure of this illuminating power. Let the circles 
A and B represent the backs of two objectives of the same power but of different 
apertures ; then the radii C D and E F will represent the angle n sin u (or (x sin <^) 
in fig. A 1 (p. 48, note). Now because the areas of circles are to one another in the 
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A dry objective was therefore supposed to be placed at a disad- 
vantage when used upon balsam-mounted objects, its aperture being 
supposed to be ‘ cut down ’ by the balsam, and the advantage of the 
immersion objective was considered to rest on the fact that it 
restored, in the case of the bals<im-mounted object, the same condi- 
tions as subsisted in the case of the dry -mounted object, allowing as 
large (but no larger) an aperture to be obtained with the former 
object as is obtained by the dry objective with the latter. 

The eiTOi’ here lies in the assumption of the identity of radiation 
in air and balsam. If there were in fact any such identity, the 
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objective in consequence of total reflection, yet the remainder (80®) 
which does reach it is the exact equivalent of the air-pencil of fig. 37, 
the two air-pencils of 170° being in all respects identical. 

The immersion objective, therefore, which is able to receive the 
whole balsam pencil of 170° (dotted lines in fig. 38), takes up a 
greater quantity of light than the air pencil of fig. 37, and so not 
merely equals the dry objective but surpasses it. 

Let it be specially noted that in dealing with the quantity of 
light in connection with aperture, the idea has not been that we have 
been engaged with what is in any sense essential, but to remove a 
difficulty felt by many. It must be clear to all that if a greater 
aperture signified nothing more than a greater quantity of light, that 
is to say, if there were no such specific difference of the I'ays which 
can be utilised by different apertures, as we have demonstrated 
above, the whole question would be of quite subordinate interest. 

Another subject requiring some further elucidation here is the 
‘ different angular distribution of the rays in different media.’ The 
essence of the idea of ‘aperture’ is relative opening. However 
defined, its significance can oidy be appreciated by taking into 
account the image-forming pencil ermrgent from the objective, and 
the change in its diameter consequent upon the admission of different 
cones of light. This diameter affords a visible indication of the 
number of rays (not mere quantity of light photometrically, which 
can be readily varied) which are collected to a given area of the 
image, and which must have been gathered in by the lens from the 
conjugate area of the object. If the diameter of the emergent pencil 
is seen to be increased, whilst the amplification of the image and the 
focal length are unchanged, it is clear that the objective must have 
admitted more rays from every element of the object because it has 
collected more to every element of an equally enla7'ged Mani- 

festly we get an accurate measure of what is admitted into an objective 
by being able to estimate what it emits. It is physically impossible 
that a system of lenses should emit more light than it has taken in. 

Hence ‘ aperture ’ means the greater or less capacity of objectives 
for gathering-in rays from luminous objects. 

When the admitted pencil is in the same medium, we see the 
additional portions of the solid cone from the radiant, which corre- 
spond to the additional portions of the enlarging opening. But if in 
any other case (e.g. where the medium is different) we see that a 
certain solid cone, A , from a radiant is transmitted through a certain 
opening, a, and that another solid cone of rays, B, cannot be trans- 
mitted through the same opening, a, but requires a wider one, 
whilst all other circumstances, except those of the radiant, have 
remained the same, we can only conclude that the pencil B must 
contain rays which are not contained in A, even if the admitted cone 
is not increased in size. For the additional portion {(3 — a) of the 
wider opening, (3 conveys rays to the image which are certainly not 
conveyed by the smaller opening a. From the radiant only can this 
surplus come, and the pencil B which requires the additional opening 
must embrace more rays, even if it should not be of greater angle. 

A given objective may, in feet, collect the rays from a radiant in 
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air almost to the entire hemisphere, and it then utilises a definite 
opening double its focal length. But when the radiant is in balsam 
(without any other alteration), the same opening is seen to be utilised 
by the rays which are within a smaller cone of not more than 82®, 
and rays which are outside this cone require a surplus opening which 
is never required for rays in air. 

This holds good whether there be refraction or no refraction at 
the front surface of the system ; the difference is based solely on the 
difference of the medium. Consequently we arrive at the conclusion 
that the solid cone of 82® in balsam embraces the same rays which, 
in air, are embr^iced by the whole hemisphere, and every wider cone 
in balsam exceeding the 82° conveys itwre rays from the object than 
are admitted by the whole hemisphere of radiation in air. 

It follows, therefore, that the same rays which in air are spread 
over the whole hemisphere are closed together or compressed in 
balsam within a narrower conical space of 41° around the perpen- 
dicular, and all rays which travel in balsam outside this cone con- 
stitute a surplus of mw rays, which are never met with in air — that 
is, a7'e not emitted vdien ilve object is m air. The loss which takes 
place in the latter case can never be compensated for by increase of 
illumination because the rays which are lost are different rays 
physically to those obtained by any illumination, however intense, in 
a medium like air. 

In the paper of Professor Abbe there is an elaborate and careful 
elucidation of this change in the angular distribution of the radiating 
light when the medium is changed ; but to Mr. Crisp’s paper on the 
same subject, giving an exposition and simplification of Abbe’s de- 
monstration, the novice will look with the utmost profit.^ The 
following extract will give clearness and emphasis to the above 
deductions of Abbe : — 

‘ If we take the case of refraction, then one of the most funda- 
mental of optical principles shows that the same rays which in air 
occupy the whole hemisphere 
are compressed in a medium of 
higher refractive index within 
a smaller angle, viz. twice the 
critical angle. If in fig. 39 
the object is illuminated by an 
incident cone of i*ays of nearly 
82° within the slide, and the 
slide has air above in the first 
case and oil in the second, it is obvious that the same ray which is 
incident on the object at nearly 41® will always emerge in air at an 
angle of nearly 90® (a'), and in oil at nearly 41° (a"), so that the 
same rays which in air are expanded over the whole hemisphere are 
compressed into 82° in oil, and, therefore, rays beyond 82® in oil 
must represent surplus rays in excess of those found in the air- 
hemisphere. 

^ If, on the other hand, the case of diffraction is considered, then 
Fraunhofer’s law shows that the same diffracted beams which in air 
1 Journ. It.M.S. ser. ii. vol. i. p. 803. 



Fig. 39. — Comparative compression of 
light rays in two different media. 
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occupy the whole hemisphere (fig. 40) are in oil compressed within 
an angle of 82° round the direct beam (fig. 41), so that there is room 
for additional beams.’ 

The unequal equivalent of equal angles becomes, therefore, a de- 



Fio. 40. — Diffracted beams in air. Fia. 41. — Diffracted beams in oil. 


monstrated truth — a truth which is capable of experimental ])roof by 
every owner of a fair microscope. 

Any one possessing a, dry object-glass of an aperture of 1 70°, for 
example, may readily do so. In this case, a, a, fig. 42, will represent 



Fig. 4‘2. 


the pencil radiating from an object in air, and capable of being 
taken up by that objective. This pencil, on its emergence from the 
back lens of the combination, will present a diameter somewhat less 
than twice the focal length of the objective presented in fig. 43. 

But let the object be now placed in Canada balsam and 

O covered in the usual way ; the angle of the pencil, by 
the greater refi'active power of the medium, will be de- 
monstrably reduced to 80°, as shown in fig. 44. But it 
will be found, on examination of the emergent pencil 
from the back lens, that this pencil occupies exactly the 
Fig. 43. same diameter (fig. 43) as befoi e. The medium in which 
the object is has not, of course, altered the power of the 
objective ; and since the diameter of the emergent pencil is the same 
in both cases, the ratio of ^ opening ’ to focal length, which is the 
aperture, is the same also. Hence it is seen in the simplest way 
that different angles in media of different refractive indices may 



Fig. 44. 


denote equal apertttres, and equal angles in different media denote 
different apertures. 

That ‘ immersion ’ objectives may have greater apertures than 
the maximum attainable by a dry objective is capable of equally 
simple proof by accessible experiment. 

If an oil-immersion objective of 122° balsam angle be taken, and 
so illuminated that the whole aperture is filled with the incident rays, 
and if we use first an object mounted in air, we really find that we 
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-Diagram illustrating difference of emerging 
pencil without and with balsam. 


have a dnj object-glass of nearly 180° angular ai)erture. This is readily 
seen by fig. 45. By the ari*angement presented in the figure the cover- 
glass is practically the 

first surface of the ob- \ j 

jective, for the front \ j 

lens, the immersion \ / 

fiuid, and the cover- \ / 

glass are all homo- ^ FRONT LENS 

geneous, and of the immersion fluio^ 

same refractive index, oaJECTm Am ^ |- 

and consequently tliey suos 

form a front lens of ^ 

. ,1 . , ^ I®- — Diagram illustrating difference of emerging 

extra thickness, vvlien pencil without and with balsam, 

the object is close to 

the cover-glass the pencil radiating from it will be very nearly 180°, 
and the emergent })encil will be seen to utilise so much of the back 
lens of the comliinatioii as is etpial to twice the fociil length of the 
objective, as shown in the inmr circle of fig. 46. 

If now we run Canada balsam beneath the cover-gla.ss so as to 
immerse the object, the jiencil taken up .by the objective is no longer 
180°, but only 122° ; but in spite of that the diameter 
of the emergent pencil is larger than it was when the 
angle of the pencil was 1 80° in air, and is represented A ' 
by the outer circle in fig. 46. In both these cases I ; 1 j 

the jiower is identical ; it follows, therefore, that the V / J 

greater diametei* of the emeigent pencil fi’om tin*- 
back of the combination denotes tlie greater aperture 
of the immersion objective over that of the dry one, 
although it pos.sessed an angle of 180°. From this escape is impos- 
sible, and it is for this i*eason that opticians make the back len.ses of 
their immersion object-glasses l.argei* than those of dry ones of the 
.same power. 

Many further illustiations might be given, but none affording 
greater facility than the following, viz. : ‘ Select a- good specimen of 
Amphipleura pellnclda and use oblique ilhimi- 
nation, biinging out clearly the .striation. 

‘ On removing the eye-piece, placing the A \ 

pupil on the air-image of the diatom, and / \ 

looking down on the lens, the direct incident (j 

beam will be seen emerging as a bright spot, \ 7 

and exactly opposite and close to the ma/t'gin \ / 

a faint bluish light (see fig. 47). If now a x. 
small piece of pa-pei’ is placed on the back lens ^ 

of the objective so as to just cover up the blue lye* 

light, and the eye-piece is replaced, the diatom piece when A. pellu- 

is still visible, but all the striation which was ^'^da has been resol- 

imaged by the blue marginal light ha.s entirely bright lightiniflint 
disappeared. The latter must therefore consist bluish spot opposite, 
of image-forming rays.’ 

Enough has thus been advanced to enable the student of even 
the elementary principles of modern object-glass construction to 


Fig. 47. — Back of lens 
on removing eye- 
piece when A.pellu- 
cida has been resol- 
ved, showing spot of 
bright light and faint 
bluish spot opposite. 
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demonstrate for himself that immersion lenses not only possess an 
excess of aperture over dry lenses, but that the rays so in excess are 
image-forming. 

The refractive indices of (cedar) oil, water, and air are respec- 
tively 1*52, 1*33, and 1*0. ‘Angular aperture^ claimed that the 
angles of the admitted pencils to lenses of these three constructions 
expressed equal ‘ apertures.^ But this is a Mlacy, now so palpable, 
but which has exerted an influence so deterrent on the progress 
of the construction of our higher object-ghisses and condensers, 
that its final disappearance as an unjustified assumption which had 
crept into the area of theoretical and practical optics, unverified by 
facts and devoid of the wedding garment of deduction, is a triumph 
which \Yill make the name of Abbe long and gi*atefully remem- 
bered. 

The principle upon which increase of numerical aperture gives 
increased advantage to an object-glass manifestly needs careful 
study and elucidation. We have but to refei* to the best work done 
by those who have employed the microscope to any scientific purpose 
for the past fifty years to discover that there has been an admission, 
which has steadily strengthened, that by enlargement of aperture an 
increase in the efficiency of the objective, when well made, was 
inevitable. During the last thii*ty-five years this has been especially 
manifest. To increase the aperture of an objective under the name 
of greater ‘ angle ’ has been the special aim of the optician and the 
constant and increasing desire of all workers with moderate and 
high powers. 

The true explanation of this is quite independent of any con- 
sideration of apertures in excess of the maximum in air, and indeed 
of the whole question of immersion objectives. The old view that 
all high and excellent results depended on the amjle at which the 
light emerged from the object, involving some assumed property of 
a special kind in the obliquity as such, has been most tenaciously 
held ; but it is an x in the problem which has not only never been 
demonstrated, but the scientific explanations of all the optical 
properties of lens combinations in the formation of images by means 
of numerical aperture, prove that it is hopeless to attempt to attach 
any value to angle as angle. 

About thirty years ago it presented itself to Professor Abbe as 
a problem worthy of most careful inquiry as to why great ‘ angle ’ 
or obliquity as such gave to objectives an enhanced capacity in the 
disclosure of obscure structure. The first step was a consideration 
of the grounds on which the theory of the value of angle of aperture 
rested. But no such basis was found to exist ; no investigation of 
the question had been made. It was demonstrated that a pencil of 
170° would show minuter structure than one of 80° in the same 
medium ; and from this a generalisation had been made that upon 
the obliquity of the ‘ angle ’ of light depended the delineating power. 
It was taken as a self-evident proposition that tJve foi^ination of the 
image in the microscope took place in every pm^ticular accmxling to 
the same dioptric laws by which images a/i*e formed in the telescope^ 
and it was tacitly taken for granted that every function of the 
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microscope was determined by the geometrically traceable relations 
of the refracted rays of light. 

A prolonged course of able and exhaustive experiments con- 
ducted by Abbe showed that, whilst the old view held good in 
certain cases capable of definite verificiition, yet that the vast 
majority of objects, and especially those with which the highest 
qualities of an objective are called into operation, the production of 
the microscopic image is wholly and absolutely dependent, not upon 
the obliquity of the i*ays to the object^ as it had been so long and so 
stoutly mainbiined, but upon their obliquity to the axis of the micft'o- 
scope. 

Such coarse objects as require only a few degrees of aperture 
to disclose them are dependent on ‘ shadow effects ; * but when 
extremely minute and delicate structures are to be disclosed small 
apertures are absolutely useless, and mere increase of obliquity of 
pencil as such is powerless to alter the result. It can be effected 
only by increased numerical aperture, showing that the greater 
obliquity of the rays incident on, or remitted from, the object is not, 
and cannot be, of itself an element in the superior optiail perform- 
ance of greater aperture. If it wei‘e so, all the results of increased 
aperture would be secured by hiclinimj the object to the axis of the 
microscope ; but it may be readily tested that when a given object 
cannot be ^ resolved,’ or its structure delineated, by an objective with 
an apertui*e of 80° in the ordinary position, but can be resolved in 
the ordinary position by an objective with an aperture of 90°, no 
inclination of the object to tlie axis of the insti*ument will enable the 
objective of 80° to do the work easily done by one of 90°. This 
may be tested by any one possessing the instruments. 

As a matter of fact, this so-called but im.aginjiry ‘ angular grip ’ 
is greater in a wide-angled dry lens than in one of 90° balsam-angle, 
and it is certainly cut down more and more when with one and the 
same objective preparations are observed in water, balsam, and 
cedar oil successively. If now' the angles qnd angles are effective 
in any way, somethiny must be lost by change of angle in this direc- 
tion, and something ought to be gained by change in the reverse 
direction, other conditions remaining the same. It is needless to 
say that all experience and the entire course of proof and reasoning 
given above are diametrically opposed to such conclusions. 

Similarly it will be manifest that the conception that ‘ solid 
vision ’ or perspective effect in a microscopic image is one of the 
consequences of oblique ‘ angular ’ illumination is equally invalid. 
It assumes that the different perspective views of a preparation 
examined with the microscope, wdiich coiTespond to the different 
obliquities, produce the same effects as if they were seen separately 
by different eyes, as in the case with the binocular microscope. In 
reality, whenever we have the advantage of solid vision, owing to a 
different perspective projecjtion of different images, in the microscope 
or otherwise, this is solely because the different images are seen by 
different eyes. In microscopic vision there is no difference of pro- 
jection connected with different obliquities ; in the binocular micro- 
scope there is a diversity of images which are depicted by pencils of 
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different obliquities at the object which is a certain kind of perspec- 
tive difference ; but the above and other observations and experiments 
show that even here there is essential divergence from the conditions 
of ordinary vision. 

It is thus })lain that whenever aperture is effective in delineation 
the mode in which it becomes so is not by means of the obliquity of 
the rays to the object ; while it has ali'eady been shown that 
increase of light, always concomitant with the use of immersion 
objectives, is a relative advantage, but no part of the explanation of 
the superior action of the combination of lenses. Angle is demon- 
strably not the true basis for the comparison of objectives ; it fails 
in regard to aperture in general, so for as it has relation to opening ; 
it fails equally in regard to the number of lays and the quantity of 
light admitted to the system of lenses ; while its failure in regard to 
the delineating power of objectives is everywliei'e seen and admitted. 

At the same time it is plain that the cause of increased power of 
performance in the objective is directly connected with the largei' 
opening or ‘ aperture ’ of the immersion and homogeneous systems. 
In other words, it becomes clear that something is admitted into the 
objectives with greater apertures which contributes to the formation 
of an image, such as objectives of lessei* a])ertui'e cannot form 
because their ‘ openings ’ or ‘ apei*tures ’ cannot admit that ‘ some- 
thing.’ 

What this is becomes expliciible by the i*esearches of Abbe. It. 
is demonsti*ated that microscopic vision is sai generis. Thei’e is, 
and can be, no com{)arison between microscopic and maci*oscopic 
vision. The images of minute objects are not delineated microscopi- 
cally by means of the ordiiairy laws of i*efraction ; they are not 
dioptrical i*esults, but depend entirely on the laws of diffraction. 
These come within the scope of and demonstrate the undulatoiy 
theory of light, and involve a characteristic, change which material 
particles or fine structural details, in proportion to their minuteness, 
effect in transmitted rays of light. The change consists generally 
in tire breaking up of an incident ray into a group of rays with 
large angular dispersion within the range of which periodic alterna 
tions of dark and light occur. 

If a piece of wire be held in a, sti’ong beam of diveigent light so 
that its shadow foil upon a white surface, the shadow will not be 
sharp and black, but surrounded by luminous fringes having the 
colours of the spectrum, and the centre, where the black shadow of 
the wire should be, is a luminous line, as if the wii*e were transparent. 
This phenomenon, as is generally known, is due to the infection of 
the diverging rays on either side of the wire. The inflected rays, in 
passing over one edge of the wire, meet the luys inflected by the 
other edge and ‘interfere,’ producing alternate increavse and diminu- 
tion of amplitude of oscillation or undulatoi*y intensity, and giving 
rise to coloured fringes if white light is used, and if homogeneous 
light be employed giving origin to alternate bands of light and dark, 
the centre always being luminous. 

Again, if a disc perforated with a very small hole in the centre 
be held in a pencil of diverging light, those undulations which pass 
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directly through the aperture interfere with those passing obliquely 
at the edge of the disc and produce, at certain distances, a dark 
spot, at other distances increased brightness, on that part of the 
shadow which is opposite the aperture in the disc ; so that light is 
supplanted by darkness, and darkness changed to light, by the discord 
or concord of the luminous waves. 

Independently of all experiment, the first principles of undulatory 
optics lead to these experimental conclusions. The laws of recti- 
linear propagation of the luminous rays of leflection and refraction 
are not ahsohote laws. They arise from, and depend upon, a certain 
relation between the wave-lengths and the absolute dimensions of 
the objects by which the waves are intei*cepted, or reflected, or 
refracted. 

Taking as illustrative the weaves of sonnd, an acoustic shadow is 
only produced if the obstacle be many times greater than the length 
of the sound-waves. If the obstacle is reduced, the waves pass com- 
pletely round it and there is no shadow, or if the notes are of higher 
pitch, so that the waves are reduced, a smaller obstacle than before 
will produce the shadow. In the case of light there are similai* 
phenomena. If the obstacles to the passf^ge of light be large in 
comparison with the wave-lengths, shadow effects result ; but if the 
linear dimensions of objects are reduced to small multiples of the 
wave-lengths of light, all shadow^s or similar effects of solidity must 
cease. As in the instances given above, light and dark, or maxima 
and minima of luminosity, interchange their normal positions by 
harmony or disharmony of luminous waves. 

It is then by means of diffraction phenomena that Abbe is 
enabled to explain the formation of the images of objects containing 
delicate stria? or structixi*e, and requiring laige apei’tures for their 
complete or a})proximate delineation. In the interests of this ex- 
position we must here for a moment diverge on slightly personal 
grounds. It has been the good fortune of the pi-esent editor to obtain 
the courteous consent of Dr. Abbe to read and criticise the whole 
of the present cha})ter ; however caieful and eaimest a student of 
such complex and original work as Dr. Abbe has done and recorded 
in German and English during the last thirty years or more, it is 
impossible to be wholly satisfied with the most sympathetic and 
sincere desire to give such work a populai* form unless it should 
have been perused and accepted by the author. Di*. Abbe has read 
the entire chapter, and, with many generous words besides, relieves 
the editor in his consciousness of great responsibility by saying that 
he distinctly approves of the ‘ lively interest and care which (the 
present editor) has bestowed on the exposition of his (Dr. Abbe’s) 
views,’ and that he feels ‘ the greatest satisfaction in seeing (his) 
views represented ... so extensively and intensively.’ 

But beyond this, an original worker like Dr. Abbe would almost 
inevitably find, in the course of years, reason for slight verbal and 
other more serious modifications of his inferences, explanations, and 
views; and the editor has great satisfaction in being able to put 
these modifications where they occur, with the approval of Dr. Abbe^ 

In the expositions of Dr. Abbe’s views on the diffraction theory 
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of microscopic vision given up to this time, it has been usual to 
state that he held and taught that the microscopic image consists of 
two superimposed images, each having a distinct character as well 
as a different origin, and capable of being separated and examined 
apart from each other. The one called tlie ‘ absorption image ’ is a 
similitude of the object itself, an image of the main outlines of the 
larger parts ; but by the other image all minute sti uctures, striation, 
and delicate complexity of detail whose elements lie so close together 
as to occasion diffraction phenomena can alone be formed, because 
these could not be geometrically imaged. So that in the case of an 
object with lines closer than the ^ ^f inch apart, the image 
seen by the eye is formed, not simply by the central dioptric beam, 
but by the joint fiction of that and the superimposed diffi'acbion 
images, and their exact union in the upper focal plane of the objective. 

The first of these was held to be a 'negative image, representing 
geometrically the constituent parts of the object ; but the second 
was considered a jwsitive iimige because it delineates structure, the 
parts of which appear self-luminous on acco\int of the diffraction 
phenomena which they cfiuse. It was this ‘ diffraction image ’ that 
was said to be tlie instrument of what hjis so long been known as 
the ‘ resolving ’ powei* of lenses. 

But Dr. Abbe, with the full light of further investigation and 
experience, does not hesitate to modify this explanation. He says : 

‘ I no longer maintain in principle the distinction between the 
‘‘ absorption image ” (or direct dioptrical image) and the ‘‘ diffraction 
image,” nor do I hold that the microscopical image of an object 
consists of two superimposed images of different origin or different 
mode of production. 

^ This distinction, which, in fjict, I made in my first paper of 1 873, 
arose from the limited experimental charac'ter of my first researches 
and the want of a more exhaustive theoretical consideration fit that 
period. T was not then able to observe in the microscope the dif- 
fraction effect produced by relatively cofirse objects because my 
experiments were not made with objectives of sufficiently long focus ; 
hence it appeared that coarse objects (or the outlines of objects 
containing fine structural details) were depicted by the directly 
transmitted beam of light solely, without the co-operation of diffracted 
light. 

‘ My views on this subject have undergone important modifica- 
tions. Theoretical considerations have led me to the conclusion 
that there must always be the same conditions of the delineation as 
long as the objects are depicted by msans of transmitted or reflected 
light, whether the objects are of coarse or very fine structure. 
Further experiments with a large microscope, having an objective 
of about twelve inches focal len^h, hfive enabled me to actually 
observe the diffraction effect and its influence on the image, viewing 
gratings of not more than forty lines per inch.^ 

1 Diffraction effects may be observed without a microscope ; they can be easily 
demonstrated by observing a lamp-flame through a linen pocket-handkerchief or a 
fine ^auze wire blind. This can be done readily by placing the eye close to the linen 
or wire. 
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‘ My present views may be thus expressed : With coarse objects 
the diffracted (bent off) rays belonging to an incident ray or pencil 
are all confined within a very any alar space around that 

Incident ray^ and do not appear separated fi*om this except with 
objectives of very long focus. I'he whole of such a, nari'ow diffraction 
pencil is consequently always admitted to the objective together with 
the direct (incident) beam, whatever may be the direction of inci- 
dence, axial or oblique. According to the ])roposition of p. 72 (1) 
the image is in this case strictly similar to the object, i.e. the effect 
is the same as if we had a direct delineation l)y the incident cones 
of light alone, and as if the image did not depend at all upon the 
diffractive action of the object. 

‘ If we have a preparation like a diatom — a icLitively coarse 
object, including fine structural details — or another preparation con- 
taining coarse elements and fine ones in juxtaposition, the total 
difiraction effect may be separated (theoretically and practically) 
into two parts : (1) that which depends on, or corresponds with, the 
coarse object (e.g. the outlines of the diatom) or to the coarse 
elements ; and (2) that depending upon, or resulting from, the fine 
structural detail oi* the minute elements. The foi'egoing consideration 
applies to (1) : this constituent pai*t of the total diffraction pencil 
of the preparation which is admitted to the objective completely , 
independently of the limiting action of the lens opening, and hence 
the corresponding parts of the object (outlines Ac.) art^ depicted as 
if there were a direct delineation, i.e. in pei*fe(;t similarity — even 
with low apertures. Tho.se diffracted rays within the whole diffrac- 
tion pencil which are <lue to the minute elements are strongly 
deflected from the incident beams to which they belong.’ ^ 

Accoi'ding to the less oi* greater aperture of the objective and 
the axial or oblique incidence of the illuminating pencil or cone, 
this part of the total diffraction pencil will be subject to a more or 
less incomplete admission to the objective, and the coriesjxmding 
image will therefore .show the characteristic ti*aces of the diffraction 
image, that is to say, change of aspect with different a-pertui*es and 
<liffei*ent illumination, di.ssimilarity to the i*eal sti*uctui*e, and so 
forth. Thus we have practically, in most cases, a composition of 
the microscopical image, coirsisting of two supei'imposed images of 
different behaviour. But the difference is not to be considered one 
oi principle, so far as the production of the image is conceiaied ; for 
it depends solely upon the different angulai* expre.ssi on of the <liffrac- 
tion fans resulting from coai-.se and from extremely fine elements. 

Re.suming, then, our illustration of diffraction phenomena as 
applied to the theory of microscopic vi.sion, w e would point out that 
pei’haps the most serviceable illu.stration for our purpose is a plate 
of gla.ss ruled with fine parallel lines. If the flame of a candle be so 
placed that its image may be seen through the centre of the plate, this 

1 Letter from Dr. Abbe. 

2 Thus it ajjpears that both the ‘ absorption image ’ and the ‘ diffraction image ’ 
are now held to be equally of diffraction origin ; but, whilst a lens of small aperture 
would give the former with facility, it would be powerless to reveal the latter because 
of its limited capacity to gather in the strongly deflected diffraction rays due to the 
minuter elements. 

F 
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central image will be clear and uncoloured, but it will be flanked on 
either side by a row of coloured spectra of the flame which are fainter 
and more dim as they recede from the centre : fig. 48 illustrates this. 

A similar phenomenon may also be produced by dust scattered 
over a glass plate and by other objects whose structure contains very 
minute particles, the light siifteriiig a characteristic change in pass- 
ing through such objects, that change 
consisting in the breaking up of a 
parallel beam of light into a group of 
rays diverging with wide angle, and 
forming a regular series of maxima and 
minima of intensity of light due to difference of phase of vibration. 

* In the same way in the micro.scope the difiraction pencil origi- 
nating from a. beam incident upon, for instance, a diatom appears 
as a fan of isolated rays, decreasing in intensity as they are further 
removed from the direction of the incident beam transmitted through 
the structure, the interference of the [admary waves giving a number 
of successive maxima of light with dark interspaces. 

Witli daylight illumination if a diaphragm opening be interposed 
between the mirror and a, plate of ruled lines placed upon the stage, 
the appearance shown in fig. 49 will be observed at the back of the 
objective on removing the eye-piece and 

e looking <lown the tube of the micro.scope. 

Tlie central circle is an image of the dia- 
phragm opening produced by the direct, 
.so-called non-diffracted rays, while tho.se 
1 on either side are the diffraction images 
produced by the i*ay.s which ai*e bent oil' 
' from the incident pencil. In homogene- 
ous light the central and lateral images 
agree in size and form, but in white light 
the difiracted images are radially drawn 
out with the outei* edges red and the 
Fig. 49. inner blue (the reverse of tlie ordinary 

spectrum), forming, in fact, regular spec- 
tra, the distance separating each of which varies inversely as the 
closeness of the lines, being, for instance, with the same objective 
twice as far apart when the lines are twice as close. 

The formation of the microscopical image is explained by the 
fiict that the rays collected at the back of the objective, depicting 
there the direct and spectral images of the source of light, reach in 
their further course the plane which is conjugate to the object, and 
give rise there to an interference phenomenon (owing to the connec- 
tions of the undulations), this interference effect giving the ultimate 
image which is observed by the eye-piece, and which therefore 
depends essentially on the number and distribution of the diffracted 
beiims which enter the objective. 

It would exceed the limits and the object of this handbook to 
attempt a theoi*etical demonstration of the action of diffraction 
spectra in forming the images of fine structure and striation so as 
to afford ‘ resolution.’ Those who desire to pursue this part of the 
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subject may do so most profitably by the study of the only book in 
our language that deals exhaustively with the theory of modern 
microscopical optics, viz. the translation of Naegeli and Schwendener’s 
‘ Microscope in Theory and Practice,' translated and placed within 
the reach of English microscopists by the joint labour of Mr. Frank 
Crisp and Mr. John Mayall, jun. The experimental proof of the 
diflfraction theory of microscopic vision lies within the range of our 



Fig. 50. — Diffraction grating 



Pig. 51. — Diffraction image at back 
of lens without eye-piece. 


purpose, and the following experiments will suffice to show those who 
possess the instruments, and desire the evidence, that to the action 
of diffraction spectra we are indebted for microscopical delineation. 

The first experiment shows that with, for instance, the central 
beam, or any one of the spectral beams alone, only the contour of 
the object is seen, the addition of at least one diffraction spectrum 
being essential to the visibility of the structure. 

Fig. 50 shows the appearance presented by an object composed 
of wide and narrow lines ruled on glass when viewed in the ordinary 
way with the eye-piece in place, and fig. 5 1 the appearance presented 
at the back of the objective when the eye-piece is removed, the 




Fig. 52. 


Fig. 63. 


Spectra being ranged on either side of the central (white) image, and 
at right angles to the direction of the lines ; in accordance with theory, 
they are farther apart for the fine lines than for the wide ones. 

If now, by a diaphragm at the back of the objective, like fig. 52, 
we cover up all the diffraction-spectra, allowing only the direct rays 
to reach the image, the object will appear to be wholly deprived of 




68 


VISION WITH THE COMPOUND MICROSCOPE 


fine details, only the outline remaining, and every delineation 
of minute structure disappearing just as if the microscope had sud- 
denly lost its optical power (see fig. 53). 

This illustrates a aise of the ohliteroutlon of structure by obstruct- 
ing the passage of the diffraction-spectra to the eye-piece. 

The second ex])eriment shows how the appeMraiice of fine structure 
may be created by manipulating the spectra. 




If a diaphragm such as that shown in fig. 54 is placed at the back 
of tlie objectiv(‘, so as to cut oft’ each alternate one of the upper row 
of spectra in fig. 50, that rovr will obviously become identical with 
the lower one, and if the theory holds good, we should find the image 
of the upper lines identical with that of the lower. On replacing 
the eye-piece we see that it is so : the upper set of lines are doubled 
in number, a new line ap})earing in the centi*e of the space between 
each of the old (upper) ones, and upper and lower sets having become 
to all appeai'ance identical (fig. 55). 

In the same way, if we stop oft’ all but the outer spectra-, as in fig. 
56, the lines are apparently again doubled, and are seen as in fig. 57. 




A case of apparent creation of structure similar in pirnciple to 
the foregoing, though more striking, is afforded by a network of 
squares, such as fig. 58, having sides parallel to the page, which gives 
the spectra shown in fig. 59, consisting of vertical rows for the 
horizontal lines and horizonbil rows for the vertical ones. But it 
is readily seen that two diagonal rows of spectra exist at right 




DIFFRACTION EXPERIMENTS 


69 

angles to the two diagonals of the squai’es, just as would arise from 
sets of lines in the direction of the diagonals, so that if thp theory 
holds good we ought to find, on obstructing all the other spectra and 
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jillowing only the diagonal ones to pass to the eye-piece, that the 
vertical and horizontal lines have disappeared, and two new sets of 
lines at right angles to the diagonals have taken their place. 


Fie. GO. Fig. 61. 

On inserting the diaphragm, fig. 60, and replacing the eye piece, 
we find, in the place of the old network, the one shown in fig. 61, 



Fig. 62. Fig. 63. 


the squares being, however, smaller in the proportion of 1 : \/ 2, as 
they should be in exact accordance with theory. 

An object such as Plenrosigma angidatum^ which gives six 
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diffraction spectra arranged as in fig. 62, should, according to theory, 
show markings in a hexagonal arrangement. For there will be one 
set of lines at right angles to h a another set at right angles to 
c a and a third at right angles to g a cl. These three sets of lines 
will obviously produce the appearance shown in fig. 63. 

A great variety of other appearances may be produced with this 
same arrangement of spectra. Any two adjacent spectra with the 
central beam (as h ccC) will form equilateral triangles and give 
hexagonal markings. Or by stopping off all but gee (or h elf) we 
again have the spectra in the form of equilateral triangles ; but as 
they are now further apart, the sides of the triangles in the two 
cases* being as n/ 3 : 1, the hexagons will be smaller and three times 
as numerous. Their sides will also be arranged at a different angle 
to those of the first set. The hexagons may also be entirely 
obliterated by admitting only the spectra g c ov g f or h /*, <tc., when 
new lines will appear parallel at right angles or obliquely inclined 
to the median line. 

By varying the combinations of the spectra, therefore, different 
figures of varying size and positions are produced, all of which cannot 
of course represent the true structure. 

In practice, indeed, it has been proved that if the position and 
relative intensity of the spectra, as found in any particular c^ise, be 
given, what the resultant image will be can be reached by mathe- 
matical calculations wholly, and with an exactness that may even to 
some extent tiunscend the results of previous observation on the 
actual image of the object whose spectra formed the mathematician’s 
data. 

If P. angnlatiim be illuminated by centi*al light transmitted 
from an achi'omatic condenser, and examined by means of a homo- 
geneous lens of large apei’ture, Mr. Stephenson points out ^ that 
under ordinary conditions it would show, on withdrawing the eye- 
piece and looking down the tube, one bright centi*al light fi*om the 
lamp with six equidistant surrounding diffi*action spectra, produced 
by the lines (‘ if, indeed, lines they be ’) in the object itself. But let 
a stop made of black paper, which entirely excludes the central beam 
of light, be placed at the back of the objective and close to the pos- 
terior lens ; in the stop let six marginal openings be made through 
which the diffraction spectra may pass. On examining the image 
we find that in lieu of the ordinary hexagonal markings the valve 
appears of a beautiful blue colour on a black ground, and covered 
with circular spots, clearly defined, and admitting of the use of deep 
eye-pieces. 

This is precisely what we learn from Abbe that the diffi action 
theory involves. In support of this, the philosophical faculty of the 
University of Jena had proposed as a question to the mathematical 
students the effect produced in the microscope by these interference 
phenomena. One problem was that of the appeai-ance produced by 
six equidistant spectra in a circle ; they correspond precisely with 
the spectra of P, angidatum, as accessible to us with our present 
numerical aperture ; and the diagram of the diffraction image, de- 
^ Journ, B.M.S, vol. i. 1878 , p 186 . 
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duced from theory, of what spetttra of the given position and inten- 
sity of the proposed data should give is seen in fig. 64. But what 
seems quite as much to the purpose is, that Dr. Zeiss has produced a 
fine photograph of P. migidatuyn, given in Plate X., where it will 
be seen that the details shown in fig. 64 appear. 

Let it be clearly understood that this does not pretend to be an 
interpretation of the markings of the diatom ; it is only held by 
Abbe to be an accurate indicjition by calculation of what image the 
given dififraction spectra shoidd produce. An optical glass and 
media for ‘ mounting ’ and ‘ immei'sion ’ of immensely greater refrac- 
tive and dispersive indices — at present wholly inaccessible to us — 
must, he contends, be found and employed before all the diffraction 
spectra of P, angidainm could be admitted to foi*m its absolute and 
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complete ‘ difiraction image ; ’ but from such spectra as the objective 
employed Cim admit, it is maintained by Abbe that the mathe- 
matician can accurately show what the image will be. In the case of 
P. angnlattim theory indicated the optical^ hid not necessarily the 
structural existence ^ of smaller markings, shown in fig. 64, between 
the circular spots. These had not been before seen by observers ; and 
the mathematician who made the calculation (Dr. Eichhorn) had never 
seen the diatom under the microscope ; but when Mr. Stephenson 
re-examined the object — stopping out the central beam as above 
described and allowing the six spectra only to pass — he saw the 
small markings, and showed them at a meeting of the Boyal Micro- 
scopical Society to many experts who were there. They were small 
and faint, and no doubt purely optical ; and, we learn from experiment, 
may readily escape observation ; but by cai*eful investigation they 


Conf. Abbe’s recent note, pp. 72 et seq. 
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are as present to the observer as they are ciipable of being demon- 
strated by calculation to the inatheinatician. 

Clearly, then, on these assumptions and with all other considei a- 
tions put aside, our finest homogeneous objectives of greatest aper- 
ture inevitably fail to reveal to us the real structure of the finer 
kinds of diatom valves. We learn that dissimilar structures will * 
give Identical microscopical images when the difference of theii* 
diffractive effect is removed, and convei'sely similar structures may 
give dissimilar images when their diffractive images are made 
dissimilar. A purely diopti*ic image answers point for point to the 
object on the stage, and tlierefore enables a safe inference to be 
drawn as to the true natui-e of that object ; but the diftraction or 
interference images of minute structure stand in no direct relation 
to the nature of the object, and are not of necessity conformable to 
it. As Dr. Abbe has already insisted, minute structural details are 
not imaged by the microscope geometrically or dioptric;illy and can- 
not be interpreted as images of material forms, but only as signs of 
material differences of comjxisition of the ])articles coin})()sing the 
object, so that nothing more can sjifely be inferred from the image 
as presented to the eye than the presence in the object of such 
structural peculiarities as will produce the specific diftraction pheno- 
mena on which the images de})end.' 

It follows, therefore, that the larger the number of diffracted rays 
admitted into the objective the greater is the similaritg between the 
image and> the object. But cai’e fully observe — 

(1) Perfect similarity between these <lepends always on the ad- 
mission to, and utilisation b^y the optical combination of the vdtole of 
the diftracted rays which the structure is competent to emit. 

For the same reason the diffraction fan of isolated corpuscles or 
flagella in a clear field must be exactly identical to that of equal- 
sized holes or slits of equal shape in a, dark backgi*ound, and theory 
shows that there must be a continuous and nearly uniform dissi]ia- 
tion of diftracted light over the whole hemisphere, provided the 
diameter of the object is a small fraction of the wave-length of light ; 
and this would be so even in a medium of higliest known refractive 
index. Such isolated objects can be seen, however minute they imiy 
hz ; it is merely a question of contrast in the distribution of light, of 
good definition in the objective, and of sensibility of the retina. 
The diffraction theory does not put a limit to visibility with micro- 
scopic objectives ; it simply pi-oves, in theoiy and practice, what is 
the limit of visible separation in fine stiiation and structure. 

In the visible flt^gellum of Bacterium termo only ii fraction of a 
wave-length in diameter a})pears as of consideraldy increased dia- 
meter, even with a very wide aperture. The image seen is that of 
another thread, the composition of which theory can be employed to 

^ See Abbe’s note, p. 65. But we cannot pass over in this connection the 
remarkable paper in the Journ. Quekett Cluh, ser ii. vol. iv. on the ‘ Sub-stage 
Condenser,’ by Mr. Nelson. His photo-micrographs illustrating the mutable diffrac- 
tion effects of the ‘ small cone ’ of oblique illumination, as distinct from a ‘ solid central 
cone,’ and the curious ‘ ghostly ’ diffraction images of the former, as distinct from the 
immutable diffraction images of the latter, deserve careful consideration. From 
p. 126 of the paper this matter is carefully discussed. 



SIX EaUIDISTANT SPECTIU AS A DIFFKACTION PROBLEM 73 

compute, which would give an exactly similar diffraction fan, but 
abruptly broken off at the limit of the aperture. Theory shows that 
a thread-shaped object which could yield such a particuhir diffraction 
effect must (without considering other differences) be greater hi 
breadth than another one yielding the full continuous dissipation of 
light ; in other words the actual thread, so inconceivably fine, 
belonging to the Bacterium has produced a ‘ diffraction effect ^ 
through the microscope, resulting in the appeai-ance of a thread 
which is the ‘ diffraction image.’ But this latter is greater in width 
than the actual thi*ead or protoplasmic fibre would be could it be 
seen directly without the aid of <liffra,ction. 

(2) Whenever a portion of the total difiVaction fan appertaining 
to a given structure is lost, the image will be moic oi* less incomplete 
ami dissimilar from the object ; and in general the dissimilarity 
will be the greater the smaller the fi*action of light admitted. With 
structures of every kind (regular and irregular) the image will lose 
more and more the indications of the minuter details, as the peri- 
pheral (more deflected) rays of the diffraction pencil ai-e more and 
more excluded. The image then becomes that of a different structure, 
namely, of one the icliole of ichose diffracted beams would (if it 
physically existed) be represented by the utilised diftracted beams of 
the structure in question. 

At this place it is suitable to point out that Dr. Abbe em- 
phasises to the present editor the importance of interpreting the 
‘ intercostal points ’ shown by Mr. Stephenson in P. angulatiim 
(fig. 64) as not a revelation of real structure. ‘ The fact is that the 
image, which is obtained by stopping off the direct beam, will be 
more dissimilar from the i*eal structure than the ordinary image. 
It has ali'eady been shown that the directly transmitted ray is a 
constituent and most essential j)art of the total diftraction pencil 
appertaining to the structui‘e ; it is the central maximum of this 
pencil. If this be stopped oft* a greater part of the total diffraction 
pencil is lost than otherwise, and the image, consequently, is a more in- 
complete one, and therefore more dissimilar than the ordinaiy image. 

‘ llie interest of the exjyeriuient in question is consequently confined 
to two points, viz. — 

i. ‘ It is an exemplification of the general proposition that the 
same object affords dift*erent inages if diflerent j)ortions of the total 
diffraction fan are admitted to the objective. 

ii. ‘ The image in question shows to the observer what would be 
the true aspect of that structure which will split up an incident beam 
of light into six isolated maxima of second order of equal intensity, 
suppressing totally the (central) maximum of the fir.st order, as 
fig. 65 ; a structure of such a particular and unusual difi’i action effect 
is theoretically possible, although it may be probably impossible to 
realise it practically. Mr. Stephenson\s experiment shows, in fact, 
the true projection of the hypothetical structure. 

(3) ‘ As long as the elements of a structure are large multiples of 
the wave-length of light, the breaking up of the rays by diffraction 
is confined to smaller and smaller angles ; that is, all diffracted rays 
of perceptible intensity will be compri.sed within a narrow cone 
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around the direction of the incident beam from which they originate. 
In such a case even small apertui*es are capable of admitting the 
whole. The images of such coarse objects will therefore be always 
perfectly similar to the object, ami the result of the interference 
effect is the same as if there were no diffraction at all, and the 
object were a self-luminous one. 

(4) ‘ Wlien the elements of a structure are reduced in diameter to 
smaller and smaller multiples of the wave-length which corresponds 
to the medium in which the object is, the diffraction pencil originating 
from an incident beam has a wider and wider angulai* expansion 
(the diffracted rays are further a juirt) ; and when they are reduced 

to only a few wave-lengths, not even 
1 the heinisphei'e can embrace the whole 

1 diffraction effect which appertains to 

the structure. In this case the whole 
(^an only be obtained by shortening 
the wave-kmgtb, i.e. by increasing 
the i*efi‘a,ctive index of the surround- 
ing medium to such a degi*ee that the 
linear dimensions of the elements of 
the object become a large multiple of 
tlu^ reduced wave-lengtli. With very 
minute structures, the diffraction fan 
which can be admitted in }\ir, and 
even in water or balsjun, is only a 
greater or less central portion of the 
whole possible diffraction fan coire- 
sponding to those sti’uctures, and which 
could be obtained if they were in a, 
medium of much shorter wave-length. 
Under these circumstances no objec- 
tive, however wide may be its aperture, 
can yield a complete or strictly similar 
imaye! 

It is at points of such extreme 
delicacy and moment as this that the 
diffraction hypothesis of Dr. Abbe is 
so liable to misi^pprehension and mis- 
interpretation, and a fui’ther note from 
him relating to the dissimilarity of the 
image in the case of incomplete admis- 
sion of the diffraction pencil will be of 
great value here. 

i. ‘In the aise of i*egular periodic 
structures (i.e. ecpiidisbint stria% rows of apertures, ‘ dots,’ and so forth) 
the distance of the lines apart is, even with an incomplete admission 
of the diffracted light, always depicted cenwectly ; that is to say, the 
number of the lines per inch is never changed, provided the direct beam 
(i.e. the central maximum of the diffraction fan) is admitted to th^ 
objective and at least one of the mxt diffracted raySy, or, in other words, 
one of the next maxima of second order. The raiige of dissimilarity 
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is in this case confined to the proportion between the bright and the 
dark interspaces of the striation and to the appearance of the con- 
tours of the stiias. 

‘ If not more than the said two rays of the tob^l diftrjiction fiiii are 
admitted, the dark and the light intervals are always shown of 
approximately equal breadth^ even if the real pi'oportion of both 
intervals differs much from 1:1; and the dark and bright stride show 
always gradually increasing and deci-easing bi-iglitness ; in other 
words, want of distinct contours. 

\ ‘ This jjhenomenon shows the typical pictui’G <^f every regulai* 
striation for the depiction of which not more thiin two diftraction 
rays cim be utilised. For example, Aiuphipleura pellucida^ or any 
othei* striation which is near to the limit of i*esolution for the optical 
system in use, and, therefore, even with oblique light, brings only 
om (liftracted beam into the objective. 

ii. ‘ Whenever a structure gives rise to a, diffraction fan of con- 
siderable angular extension, the observation with a central incident 
beam or axial light may lose a gi-eater or smaller portion of the 
whole diffracted light if the angulai* expansion of the fan extends to 
the apei’ture of the objective in use. But oblique illumination must 
always involve a loss, and this loss is not confined to the external 
(peripheral) rays of the diftraction pencil (as is the «nse in central 
light), but the portion lost will more and moi’o extend to one full 
half of the whole when the obliqxiity is gi*adually increased to the 
utmost limit, so that the dii'ect beam touches the edge of the aper- 
tui'e. It follows that the images which ai-e obtained with oblique 
liglit will always be incomplete and not similar to a geonietidcal 
projection of the object ; and generally (though not always) more dis- 
similar than those by central light in regal’d to the minuter details. 

‘ Strictly similar images cannot be expected, except with a central 
illumination with a narrow incident ])encil, because this is the 
necessary condition foi* the possible admission of the whole of the 
diffracted light.’ 

Let it be noted that these pi inciples of the diftraction theory of 
microscopical vision relate to structures of all kinds, whatevei* may 
be their physiad and geometrical composition. I rregidar structures, 
isolated elements of any shajie, equally produce diffraction effects, 
observed either by transmitted or l eflected light, and being either’ 
transpai’ent, semiti*anspai*ent, or* opaque. 

The value of a = n sin u indic^ites the number of rays which 
an objective can admit ; the aperture equivalent measures the very 
essence of micr oscopical performance. It measures the degree in 
which a given objective is competent to exhibit a true, complete 
delineation of structures of given minuteness, and conversely the 
propor tion of a in different objectives is the exact meaaure of the 
different degree of minuteness of structui’al details which they can 
reach, either with perfect similarity of the image or with an equal 
degree of incompleteness of the image, provided that the purely 
dioptrical conditions are the same. 

‘ Resolving ’ power is thus a special function of apertui’e. The 
limit of visible separation in delicate structure and striation is 
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determined by the fact that no resolution can be effected unless at 
least two diffraction pencils are admitted, and the admission of these 
we have seen is absolutely dependent on the aperture of the objective. 

The rule given by Pi*ofessor Abbe foi* determining the greatest 
number of lines per inch which can be l esolved by oblique light will 
be found (taking any given colour as a basis) to be equal to twice 
the number of undulations in an inch mxdti'plied by the numerical 
aperture. 

To those who have studied this subject it will be seen that the 
‘ numerical aperture ’ here takes the place of what was formerly the 
‘ sine of half the angle of aperture ; ^ and it has the effect of giving 
the proposition a broader generality. By using the ‘ sine of half 
the angle of aperture,’ the proposition is only true with the addition 
that the number of undulations be calculated from the wave-length 
within the special medium to which the angle of aperture relates. 

In introducing the numerical aperture instead of the sine of the 
angle, the latter (the sine) is increased in the proportion of 1 : n 
(n standing for the index of the medium), and that has the same 
effect as increasing the other factor the numl)er of undulations. 

What the colour employed should be is only capable of individual 
determination, since the capacity for appreciating light varies with 
different individuals. 

If, for instance, we take •48/i in the solar spectrum as being 
sufficiently luminous for vision, we find the maximum — so far as 
seeing is concerned — to be 1 1 8,000 to the inch (the object, in this 
case, being in air) ; but as the non -luminous chemical rays remain 
in the field after the departure of the visible spectrum, a photo- 
graphic image of lines much closer together might be produced. 


3 



This important subject can scarcely be considered complete, even 
in outline, without a brief consideration, in their combined relations, 
of apertures in excess of 180° in air and the special function these 
apertures possess. 

1. Suppose any object composed of minute elements in regular 
arrangement, such as a diatom valve ; and, to confine the considera- 
tion to the most sim[)le case, suppose it illuminated by a narrow 
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axial pencil of incident rays. If this object is observed in air, the 
radiation from every point of the object is, in consequence of the 
diffraction effect, composed of an axial pencil S, fig. 66 (the direct 
continuation of the incident rays), and a number of bent-off pencils, 
Sj, Sg, . . . surrounding S.* 

Tf, now, instead of air, the object is immersed in a medium of 
greater refractive index, n, it results from Fraunhofer’s formula that 
the sine of the angle of deflection of the first, second, . . . bent oft* 



beam is reduced in tlie exa(*t })r()portiou of n, and the angle is re- 
duced also — that is, tlie whole fan of the diftracted i*ays is contracted 
in comparison with its extension in air. Fig. 67 will represent the 
case of the siiine object in oil. 

If now any dry objective (with a given angular semi-a})erture v) 
is (capable of gathering-iii from air the fii’st, or the first and second, 
difiraction beams on every side of the axial peiunl, another objective 
with a more dense front medium of the refractive index, will be 
ca})able of admitting, from within the dense medium, exactly the same 
beams (no more and no less), if its angular semi-aperture, r, is less 
than a in the pmportion : 

sin r ’ sin a = ] ; >«, 
or 

n sin V = sin a-, 

all other circumstances — objetd and illumination — remaining the 
same. 

For example, a diatom for which the distance of the striie is 0*6 p, 
will give i\\Q first bent-off beam of green light (\ = -fifip) in air under 
an angle of 66'5®. This will be just admitted by a dry objective of 
133° aperture. In balsam (?i = l-i)) the same pencil will 

be deflected by 37’5° only, and would be admitted, therefore, by an 
objective of not more than 75° balsam-angle. Again, if the distance 
of the lines should be gi-eater, as l*2p, the secoml deflected beam 

1 In iigs 66, 67, and 68 Sj and Sg are supposed to be identical with the surfaces, 
but are drawn at a slight inclination to them for the purpose of clearness in the dia- 
grams. 
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would be emitted in air under an angle of 66*5°, but in balsam tlie 
third would attain the same obliquity. Whilst now the dry objective 
of 133® air-angle cannot admit more than the two first diffraction 
beams on each side of the axis, the immersion of 133® balsam-angle 
is capable of admitting from balsam three on each side under exactly 
the same illumination.^ 

It follows, therefoi e, that a balsam-angle of 75® denotes the same 
apertui*e as the larger air-angle of 133®, and a balsam -angle of 133® 
a, much greater aperture than an air-angle of the same number of 
degrees, and in general two apertures of different objectives must be 
equal if the sines of the semi-angles are in the inverse ratio of the 
refractive index of the medium to which they relate — or, which is the 
same thing, if the product (3f the refi-active index multiplied by sine 
of the angular semi -aperture {n sin yields the same value for both, 
i.e. if they are of the same nuineiacal aperture. 

2. Suppose the same object to be observed by a dry objective 
of a given air-angle, .at first in air uncovered, and then in balsam 
protected by a cover -glass. The first c^se would be represented by 



fig. 66, and the second by fig. 68. As we have seen, the group of 
diffracted beams from the (d/ject in balsjim is contracted in com- 
parison to that in air in the ratio of the refractive index. But 

' The following are the actual angles represented in the diagrams, viz. : 

(8tri8e = 2'2 fx, wave-length A = '65 ju, medium air ?/ — 1.) 

Si -14° 80' 

82-30° 0 ' 

S--48° 36' 

84=90° O'. 

Striae = 2*2 /u, wave-length A = *55 /x, medium balsam a = 1*5.) 

51 =9° 86' 

52 = 19°28 
85=30° 0' 

84=41° 48' 

85 = 66° 26' 

So =90° O'. 
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according to the law of refraction, this group, on passing to air by 
the plane surface of the covering-glass, is spread out — the sines of 
the angles being compared — in the ratio of the same refiwtive index. 
Consequently the vaiious difiraction pencils, the first, second, . . . 
on every side, after their transmission into air^ have exactly the 
same obliquity which they have in the case of direct emission in 
air from an uncovered object. 

If now any dry objective of, say, 133° air-angle is capable of 
admitting a certain number of these pencils from the uncovered 
object, it will admit exactly the same pencils from the balsam- 
mounted object. The contracted cone in balsam of 75° angular 
a))ei*ture embraces all rays wliich are emitted in air within a cone of 
133°. 

The apei‘tui*e of an objective is not, therefore, cut down by 
mounting the object in a dense medium, for no ray which could be 
taken in from the uncovei-ed object is lost by the balsam-mounting. 

3. A compailson of figs. 66, 67, and 68 will show that a cone of 
82° within the balsam medium embraces all the diffracted rays 
which are emitted from the object in air or transmitted fi’om balsam 
to air. This, however, is not the totality of I’ays which are emitted 
in the balsam. The formula of Fraunhofer shows that the number 
of the emitted beams is greater in balsam than in air in the same 
i*atio as the i*efmctive index. 

A structure the distance of whose elements equals 2‘2p emits in 
balsam six distinct beams on each side of the direct beam, but in air 
only four (see figs. 66, 67, and 68); the fifth and sixth are completely 
lost in air. A dry objective of an angular aperture closely approaching 
180° will not even take in the fourth deflected beam, as this is de- 
flected at an angle of 90®. But any immei*sion-glass of a balsam- 
angle slightly exceeding 82° will take in the fourth, and if the 
balsam-angle should exceed 112° it will take in the fifth beam also, 
provided the object is in balsam, and in optical continuity with the 
front of the lens. 

Thus, again, it is seen (as was befoi-e shown by the purely dioptric 
method) that an immersion objective of balsam-angle exceeding 82° 
has a wider aperture than any dry objective of maximum angle can 
have, for it is capable of gathering in from objects in a dense medium 
rays which are not accessible to an air-angle of 180°. 

It is, then, by the above facts and reasoning, placed beyond all 
dispute — 

1 . That a wide-angled ‘ immei-sion ’ or ‘ homogeneous ’ objective 
possesses an aperture in excess of 180° ‘ angular aperture’ in air ; 

2. That the gi*eat value of this — always manifest practically — is 
fully accounted fi)r and ex])lained by the diffraction theory of micro- 
scopic vision ; and 

3. That ‘ dry ’ objectives, so fiir as regjirds the perfect delineation 
of very minute structures, can only be considered as representing an 
imperfect phase of construction. When made by the best hands, 
with every precaution and care employed to secure the best possible 
corrections, their defedts do not lie in the direction of the presen- 
tation of fiilse or even partially erroneous and distorted images. 
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Their defects are their inevitjihle incapacity to open up details in 
structure that can be disclosed with relative ease by the inclusion 
into an oil immei sion, and especially an ‘ apochromatic ’ objective of 
gi-eat aperture, of the all-revealing diffraction beams excluded by the 
dry lens of equivalent power. 

With dry objectives splendid results have been attained both in 
low and high power work ; but all the latter is being advanced upon 
by 1 ‘evision with lenses of greater aperture in a striking manner. 
For twenty years we have been urging our best English microscope 
makers to enlarge the ‘ angle ’ of our objectives, and employing 
them from a Jr-inch to a ..U-inch focus. We have seen them 
advanc(^ from dry to water immersion, and from this to oil ; from 
.^Vj-inch, a and a -U-inch of N.A. 0*95 each, and re- 

spectively to water immersions of N.A. 1*04 and then to ^oil 
immersions’ or homogeneous lenses of N.A. 1*38 ft)r the ^\--inch 
and >,\y-inch respectively, and ultimately by a ^\,-inch with N.A. 
of 1*50; and from that we have progi*e.ssed to the apochromatic 
objectives with compensating eye-pieces. 

Now the objectives with which the earlier work done by the 
present editor and his colleague. Dr. Drysdale, was eftected — to 
which allusion is made oidy as being the instance with which we 
have most practical familiaidty — are still in our possession ; what 
was I’evealed by them fifteen, twelve, or ten y(^ars ago we ciin 
exactly repeat to-day ; and in the general feat\ires of the work — in 
the broad characteristics of the life histories of the saprophytic 
organisms, minute as they are, revision with obje(*tives of N.A. 1*50 
and other lenses of the best English and (Terman makers, I’eveals no 
positive error, even in the jninutest of the details then discovered and 
delineated. But the later lenses of great aperture and beautiful 
corrections have opened up structure, ahsoluteh) invisible before. 

Thus, for example, a minute oval organism from the ^^th to 
the inch in long diameter was known to possess a 

distinct nucleus ; the long diameter of this was from the i\^th to the 
|Uth of the diametcu* of the whole body of the organism. In the obser- 
vations of fifteen to twenty-five years since the cyclic changes of the 
entire organism were clearly visible and constantly observed ; but 
of the nucleus nothing could be made out save that it appeared to 
share the changes in self-division and genetic reproduction, initiated 
by the organism as a whole. But by lenses of N.A. 1*50 and the 
finest apochromatic objectives of Zeiss, especially a most beautifully 
coiTected 3 mm. and 2 mm., structure of a remarkable kind has 
been demonstrated in the nucleus, and it has been shown that, the 
initiation of the gi’eat cyclic changes takes place in the nucleus,, and 
is then shared in by the organism iis a whole. In short, we have 
discovered as much concerning the ‘ inaccessible ^ nucleus — which 
may be not more than, say, a twelfth of the long diameter of the 
whole organism — by means of lower powers, but greater apert'ures, as 
we were able to find concerning the complete body of the saprophyte 
with dry objectives. 

But in spite of these facts there is a certain class of even high 
power work in biology from which the dry lens can never be dis- 
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missed. It must always be an indispensable instrument in a liU’ge 
part of the work done in the study of the life history of active 
living organisms ; and whatever accessoiies in research on such 
subjects be employed, the main path of accurate and well correlated 
discovery must be by ultimate; and consecutive reference to the 
(Jianges of the Uvitiy organism. But we cannot with any certainty 
do this with either a wafer immersion or a homogeneous objective. 
With an active organism under investigation, we desire, as fiir as 
practicable, to limit the area of its excursions ; a cover-glass of not 
moi*e than four-tenths or a, (piarter of an inch in diameter is large 
enough when objectives from a. hich are used, 

or when the recent 2 mm. objective witli 27 eyt;-piece is employed. 
To have oil oi* water on the to[) of the cover, between it and the 
front lens of the objective combination, is, with almost inevitable 
certainty, sooner oi* later, in following the object with counter move- 
ments of the stage, to i*eac*h the edge of the cover, and cause the oil 
oi* water above to mingle by capillarity with the minute drop of fluid 
under observation, and tluis to involve the whole in catastrophe. 

To do tlie main woi*k of studying consecutively the life history 
of unknown organisms, dry objectives will and must be used ; but 
in all cases such work must be supplemented by the use of objectives 
of great aperture. The details and relations of minute structure 
must be studied in one field, and their general origin and sequences 
in another. The latter will be ‘continuous,’ the former will be 
employed as necessity indicates. Tlie diffraction theory of micro- 
scopic vision does not invalidate,, but in reality, undei* definable 
conditions, directs the emjfloyment of ‘narrow’ apertures. All 
depends on the minuteness of microscopic detail. The law has been 
enunciated above : the minutei' the dimensions of the structural 
elements, the wider lunst he the aperture : tlie larger the details of 
ultimate structure, the narrower the aperture that will suffice. This 
is true in regard to objects of every kind ; tliere is no variation in 
the conditions of microscopical delineation. 

The men engaged in microscopi«d i*eseai'ch have different aims, 
nay, the same worker at diflerent times differs in the object pursued. 

^ Ultimate structure ’ is not the om consideration of the mici*o- 
scopist ; he often, as indicjited above, has to take a comprehensive 
view of the whole object oi* objects of his research, apai*t from the 
most complex and deliwite details. 

It is folly to suppose that because great apertui’es have been 
pi'oved theoretically and practically to be able to open out minute 
structure so perfectly, thei*efoi-e there is no raison cVetre for small 
apertures. Low amplification cannot render distinctly visible de- 
tails beyond a certain limit of minuteness, find wide apertures 
cannot be utilised unless there is a concurrent linear amplification 
of the image which is competent to exhibit to the eye the smallest 
<limensions which are by optiml law within the reach and grasp of 
such an aperture. 

In the same way gi*eat amiflification will be useless if we have 
small apertures which delineate debiils of dimeusions only etipable 
of being distinctly seen in an image of much lower amplification. 

G 
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] t will be ‘ empty amplification,’ because there is nothing in the 
image which requires so much power for distinct recognition. If 
the 2}o\mr be deficient, aperture will not avail ; if the aperture be 
wanting, nothing is gained by high powei*. If the angular aperture 
of the microscope is such that the delineation of fine lines, whose 
interspaces are one mid'on^ is just possible, it is fruitless labour to 
iiici’ease the amplification beyond what we know to be sufficient foi* 
their observation. We potentially differentiate what we are power- 
less to see. 

Thus it may be inferred from the diffraction theory, as such, that 
wide aperture shoidd accompany high amplification, and moderate 
aperture be the accompaniment of low or moderate amplification. 
We have observed with great i*egi-et that students at our Biological 
Schools in these days of low-priced objectives frecpiently abandon a, 
faiily good ^-inch objective of suitable numeru^al apei-ture, and 
o])tain in its place a -J inch or inch with scarcely any increase of 
numerical aperture, merely for the ease with which amplification is 
effected. But it woidd be well to remeiid)er that high amplification 
effects nothing unless accompanied by suitably widened aperture. 

The circumstances on which what has been called ‘ penetration ’ 
in objectives is dependent will be shortly considei'ed ; it may be 
stated here that theory and expeiience alike show that ‘ peneti*ation ’ 
is reduced with increasing aperture under one and the same ampli- 
fication. As we have indicated, there are many subjects of study 
and research presented to the l)iologist for which he needs as luucli 
‘ penetration ’ as possible. This is always the case where the recog- 
nition of solid forms — as the infusoria, for example — is important. 
A fair vision of different planes at oncc^ is re^^piired.^ Indeed the 
gi'eater part of all morphological work is of this kind ; hei*e, then, 
in the words of Abbe, ‘a proper economy of aperture is of equal 
importance with economy of power.’ * 

Whenevei* the depth of the object or objects under observation 
is not very restricted, and for the pui-poses of obsei-vation we i*equire 
depth dimension, low and moderate powers must be used ; ‘ and no 
greatei* aperture should therefoie be used than is lequii ed for the 
eftectiveness of these powers — an excess in such a case is a I'eal 
damage.’ 

Moreover, in biological work — constant apjdication of the instru- 
ment to varied objects — lenses of nuxlerate aperture and suitable 
power facilitate certainty of action and conserve laboui*. Increase 
of apeiture involves a diminivshed working distance in the objective, 
and it is inseparable from a rapid inciease of sensibility of the 
objectives for slight deviations from tlie conditions of perfect cor- 
l ection. If it be not necessary to encounter the possible difticulties 
these things involve, to do so is to lose valuable moments. These 
difficulties, of course, are diminished by the use of homogeneous, and 

^ k micron is ^=Yom yide Joum. B.M.S. 1888, pp. 502 and 526; and 

Natnref vol. xxxviii. pp. 221, 244. See i). 83. 

Abbe’s explanation of the reason of the iioii-stereoscopic perception of these is 
given (see pp. 93 et seq). 

^ ‘ The Relation of Aperture to Power,’ Journ. B.M.S. series ii. vol. ii. p. 804. 

■' Ibid. 
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especially apocliromatic objectives, but even with these they are 
not, in practice, eliminated where the best results are sought. 

Employ the f ull aperture suitable to the power 'osed. This is the 
practical maxim taught in eftect by the Abbe theory of microscopic 
vision. 

It has been suggested that all objectives be made of relatively 
wide apertures, and that they be ‘ stopped down ’ by diaphragms 
when the work of ‘ lower apertures ’ has to be done. But this is 
not a suggestion that commends itself to the working biologist. If 
there were no other defects in such a method, the fact that the 
working distance i^emains unaltered would be fatal ; and we may 
safely adopt the statement of Abbe,' that ‘ scientific work with the 
mici'oscope will always re(j[uire, not only high power objectives of 
the widest attainable apertures, but also ciirefully finished lower 
powers of small and very moderate apertures. 

We complete this section with a table of numerical apertures^ 
which will be found on the following page. As already stated, the 
resolving powers are exactly proportional to the numerical apertures, 
and the expressions for this latter will allow the resolving power of 
diflferent objectives to be compared, not only if the medium be the 
same in each, but also if it be diftei ent. I^he resolving powei* for an 
objective, when illuminated by a | solid axial cone of white light, is 
found by multiplying its N.A. by 70,000, and for monochromatic 
blue-green light (Giftbrd’s screen) by 80,000. 

The first column gives the numerical apertures from *40 to T52. 
The second, third, and fourth, the air-, water-, and oil- (or balsam ) 
angles of aperture, cori’esponding to every *02 of N.A. from 47° air- 
angle to 180° balsam-angle. The theoreticiil resolving power in 
lines to the inch is shown in the sixth column ; the line E of the 
spectrum about the middle of the green (A = 0'5269p) being taken. 

The column giving ‘ illuminating power,’ we have already seen, 
is of less importance ; while it must be borne in mind in using 
the column of ‘ penetiating powei* ’ that sevei-al data besides 

^ go to make up the total depth of vision with the microscope. 

Penetrating Power in Objectives. — Intelligibility and sequence, 
more than custom, suggest the consideration of this subject at this 
point. The true meaning and real value of ‘ depth of focus,’ or what 
is known as ‘penetrating power,’ follows logically upon the above 
consi deration s . 

That quality in an objective which was supposed to endow it 
with a capacity of visual range in a vertical direction, that is, in the 
direction of the axis of vision, has been called ‘ penetration,’ it 
being supposed that by this ‘ property ’ parts of the object not in 
the focal plane could be specially presented, so as to enable their 
perspective and other relations with what lies precisely in the focal 
plane to be clearly traced out. 

Concerning the manner in which this quality of the objective 
operated, there have been most diverse opinions ; indeed, the whole 

1 ‘ The Relation of Aperture to Power,’ Joimi. E.M.8. series ii. vol. ii. p. 809. 

=» Jotirn. B.M.S. (1898), p. 17. 
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iiiattei* wiis involved in obscurity. The leiuarkable insight and 
learning of Professoi* AVjbe have, however, found foi* this important 
subject a sound scientific basis. 

The delineation of solid objects by a system of lenses is by 
vu'rtue of the most general laws of optical delineation, subject to a 
peculiar disproportion in amplification. The linear amplification of 
the rfe/?^A-dimension is, when both the object and the image are in 
the same medium (air), found to lie always equal to the square of 
the linear amplification of the dimensions at right angles to the 
opticjil axis ; but if the object be in a moi e highly refracting medium 
than air, it is e(jual to this square div ided by the refnictiv e index 
of the inedhmi. In proportion to the lateral amplification there is 
a progressive, and with high poweis a rapidly increasing, oi'er- 
amplification of the depth of the three-dimensional image. If a 
traiisv’erse section of an object is magnified 100 times in breadth the 
distance between tlu‘ planes of parts lying oiu‘ behind the other is 
magnified 10,000 times at the corresjionding parts on the axis when 
the object is in air, 7500 times when it is in water, and (>(500 times 
when it is in Canada balsam. 

This excessive distortion in tlie case of high amplifications is not, 
howev(u*, of itself so complete a hindrance to coia'ect appreciation of 
solid foi’ins in the microscopical image as at first appeals. The 
appreciation of solid form is not a matt(‘r of sensation only ; it is a 
mental act —a. conception — and, therefore', the peculiarity of the 
e)ptic4d image, hemever great the amplificatie)n, would not jirevent 
tlie^ conception of the s()li<lity of the object so long as salitmt points 
for the (!onstructie)n of a three -dhneiisiotial image vve've' found. Hut 
for this the soliel object, as sue*h, must be simultane'ously visible ; 
a single layer eif inappreciable elepth can conv t'v no conce])tion of 
the three space dimensiems pe)ssesse(l by the' edjject. 

Owing to the dispropeirtionalamjdificatiem of the depth-dimensiem 
ne)rmal to the aettion eif optical instruments, the visual spae-e of the* 
microscope lost's moi’e and more in depth as the amplification increases, 
and thus constantly approximates to a bare horizemtal sectie)n of the 
e)l)je(‘t. 

The visual space, w hich at one aeljustment e)f the ficus is plainly 
visible, is made up of twe> parts, the limits of which as rc'gai ds the 
depth are determineel in a v ery difterent manner. 

First, the accoimnodatioii of the eye enda-aces a certain ele[)th, 
elifferent planes being successively elepicteel with pei*fec*t sharpness 
of image on the retina, whilst the eye, adjusting itself by conscious 
or unconscious accommodation, obtains virtual images of gi-eater oi* 
less distance of vfision. This depth of accommodation, which t)lays 
the same part in microscopicid as in orilinary v ision, is wdiolly 
determined by the extent of power in this direction possessed by the 
purticulai* eye, the limits being the greatest and the least distance 
of distinct vision. Its exact numerical measure is the difference 
between the reci}wocal v alues of these two extreme distivnees. The 
depth of distinct v ision is directly propoi tional to this numerical 
e{]uiv’alent of the accommodation of the eye, directly proportional 
to the refractive medium of the object, and inv eisely proportional 
to the square of the amplification when referred alvviiys to the same 
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iinage-clistonce. For example, a moderate ‘ly short-siglited eye sees 
distinetly at 150 mm. as its shoi-test distance, and at 300 mm. as 
its longest distance; then the numerical equivalent of the extent 
of accommodation would be equal to mm,; the calculation for 
an object in air would give a deptli of vision by accornmodatioi) 
amounting to 

2-08 mm. with 10 times amplification 
0*23 „ .30 

002 „ 100 
00023 „ 300 

0-00021 „ 1000 
0-00002 „ 3000 

These figures are modified by the medium in whicli the olqect is 
placed and by the greater or less shortness and hmgth of vision. 

Secondly, the perception of dejitli is assisted by the insensi 
bility of the eye to small defects in the union of th(‘ rays in tlie o[)tic 
image, and therefore to small circles of confusion in the visual image. 
Transverse sections of the object which are a little above and below 
the exact focal adjustment are .secai without prejudicial efiects. 71te. 
total effect so ohtained is the so-called penetration or depth offocas 
of an objective. This may be determined numerically by defining 
the alh)\vable magnitude of the circles of confusion in the micro- 
scopical image by the visual angle under which they appear to the eye. 
It is found that one minute of arc denot(‘s the limit of sharply 
defined vision, tw^o to three* minutes for fairly distinct vision, and fiv(‘ 
to six niinuti‘s the* limits of vision only just toleiabh*. I'liis being 
determined, the focal depth depends only on the r(*fractive imlex of 
the medium in which the object is place<l, the am[)lification, and tlu* 
angle of aj)erture, and it is <lii-ectly jn-oportional to the refractive 
index of the object medium, and inversely pro})ortional to the 
‘ numerical aperture’ of the objective, as also to the first [)ower of 
the amplification. These assume the visible angle of allowsdde 
indistinctness to be fixed at 5', the aperture angle of the imagt*- 
forming ])encils to be 60° in air ; the de})th of focus of an object in 
air wdll then be — 

0-073 mm. for 10 times amplification 

0-024 „ 30 

0-0073 „ 100 

0-0024 „ 300 

0-00073 „ 1000 

0-00024 „ 3000 

lly limiting or enlarging the allowable magnitude of indistinctness 
in the image we correspomlingly modify these figures, as we should 
do with media of different refractive indices and increased aperture 
angle. 

It is plain, tlien, that the actual dej)th of vision must always be 
the exiict sum of the accommodation depth and focal depth. The 
foi mer expresses the object space through wdiich the eye by the play 
of accommodation can penetr ate and secure a sharp image ; the latter 
gives the amount by which this object-space is extended ih its 
limits— reckoning both from above anti below — because without per- 
fect sharpness of image there is still a sufficient distinctness of vision. 
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As the amplification iiicrejises the over-amplification of the 
<lepth dimension presents increasingly imfiivourable relation between 
the depth and width of the object-spjice accessible to accommodation. 
When low powers are employed we have relatively gi*eat depth of 
vision, because we have large accommodation -depth ; but as we pass 
to medium powers, the Jiccommodation- depth diminishes in rapid 
ratio, becoming equal to only a small depth of focus ; while when 
the magnifying power is gi*ea,tly increased the accommodation-depth 
is a factor of no moment, and we have vision lai-gely, indeed almost 
wholly, dependent on depth of focus. 

The following table shows the total depth of vision from ten to 
3,000 times : — 


Amplification ' 

Diameter of 
Field 

Accommoda- 
tion Depth 

Foc*al Depth 

Depth ofVision, 
Accommodation' 

1 Depth, and ■ 

Ratio of Depth 
of Vision to 
Diameter of 

— 

mm. 

mm. 

mm. 

Focal Depth 1 

mm. ' 

Field 

1 

10 

250 

2-08 

0-073 

2153 

11-6 

30 

8-3 

0-23 

0-024 

0*254 

1 

32*7 

100 

2-5 

0-02 

0-0073 

0*0273 

1 

300 

0-83 

0-0023 

0-0024 

0*0047 

91*6 

1 

176*6 

1000 

0-25 

000021 

000073 

0-00094 

1 

266 

3000 1 

1 

0-083 

0-00002 

, 0-00024 

1 

0-00026 

1 

319 

1 





1 




It has been pointed out by Abbe tlmt this over-amplification of 
depth-dimension, though it limits the direct appreciation of solid 
forms, yet is of great value in extending the indirect recognition of 
spiice relations. When with increase of magnifying powei* the depth 
of the image becomes more and more flattened, the images of difierent 
planes stand out from e^mh other more perfectly in the same i-atio, 
and in the same degi*ee are clearer and moie distinct. With an 
increase of amplification the microscope ac(]uires inci*easingly the 
property of an optical mio'otome, which pi*esents to the observei*’s 
eye sections of a fineness and sharpness which would be impossible 
to a mechanical section. It enables the observer, by a series of 
adjustments for consecutive planes, to constrm the solid forms of 
the smallest natural objects with the same certainty as he is 
iiccustomed to see with the naked eye the objects with which it is 
concerned. This is a large advantage in the general scientific use 
of the instrument ; a greater gain, in fact, than could be expected 
from the application of stereoscopic observation. 

Stereoscopic Binocular Vision. — This subject has been elaborately 
considered and partially expounded and demonsti*ated by Professor 
Abbe ; his exposition differs in some important particulars from 
that of the original author of this book, but in its present incomplete 
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forms it appears to the editor to be the wiser way to allow Dr. Car- 
penter’s treatment of the subject to stand, and to place below it as 
(jomplete a digest of Professor Abbe’s theory and explanation of the 
same subject as the data before us will admit. 

The admir'able invention of the stereoscope by Professor Wheat- 
stone has led to a general appreciation of the value of the conjoint 
use of both eyes in conveying to the mind a notion of the solid forms 
of objects, sucli as the use of either eye singly does not generate with 
the like certainty or effectiveness ; and after several attempts, 
which were attended with various degrees of success, the principle of 
the stereoscope has now been applied to the microscope, with an 
advantage which those only can truly estimate who (like the Author) 
have been foi- some time ^iccustomed to woi*k with the stereoscopic 
binocular ^ upon objects that are peculiarly adapted to its powers. 
As the result of this application c^winot be rightly understood with- 
out some knowledge of one of the fundamental principles of binocular 
vision, a brief account of this will be here introduced. All vision 
depends in the first instance on the formation of a picture of the 
object upon the retina of the eye, just as the camera obscura forms 
a picture upon the gi*ound glass placed in the focus of its lens. But 
the two images that are formed by the two eyes respectively of any 
solid object that is placed at no great distance in front of them are 
far from being identical, the perspective projection of the object 
varying with the point of view from which it is seen. Of this the 
reader may easily convince himself by holding up a thin book in 
such a position that its back shall be at a modeinte distance in front 
of the nose, and by looking at the book, first with one eye and then 
with the othei* ; foi* he will find that the two views he thus obtains 
are essentially different, so that if he wei*e to represent the book as 
he actually sees it with each eye, the two pictures would by no 
means correspond. Yet on looking at the object with the two eyes 
conjointly, there is no confusion between the images, nor does the 
mind dwell on either of them singly ; but from the blending of the 
two a conception is gained of a solid projecting body, such as could 
only be otherwise acquired by the sense of touch. Now if, instead 
of looking at the solid object itself, we look with the right and left 
eyes respectively at pictures of the object, coiresponding to those 
which would be formed by it on the retiiife of the two eyes if it were 
placed at a moderate disbmce in front of them, and these visual 
pictures ai*e brought into coincidence, the same conception of a solid 
projecting form is generated in the mind, as if the object itself were 
there. The stereoscope — whether in the forms originally devised by 
Professor Wheatstone or in the popular modification long subse - 
quently introduced by Sir D. Brewster — simply serves to bring to 
the two eyes, either by inflexion from mirrors or by refraction 
through prisms or lenses, the two dissimilai* pictures which would 
accurately represent the solid object as seen by the two eyes respec- 

‘ It has become necessary to distinguish the binocular microscope which gives 
true stereoscopic effects by the combination of two dissimilar pictures from a 
binocular which simply enables us to look with both eyes at images which are 
Bssentially identical (p. 106 ). 
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tiv^ely, thiowii on the t\\<> ivtina' in 1 ]\(‘ positions 

they woiihl lin\o occupied if formed tluM-c dirccl from tli<‘ solid 
ohjc'ct, of vvliichtlic iiu'iitnl imji_i»(‘ (if tlic ])ict iii'c‘s ha\'<“ Ikhmi co!'i'{*ctl\ 
t.d<cn) is the pi’ccisc coiiiilto p.iiM . d’lnis in h^. ()H flu* np])<T pnir ot 
pi('tni (‘s (A,B) when coin])in(‘d in tlic st(‘r(‘osco])(‘ suggest the idea of 
a ih’ajpct’uHj truncated pyramid, with tlic small sipiare in the centre 
and the four sides sloping ecpudly away from it; whilst the combi- 
nation of the lower pair, (J, 1) (which ai<* idiaitical with th(‘ upper, 
but are transf(*i‘]*ed to o[)posite sides), no l(\ss \ ix idly brings to tin* 
mind the visual conception of a pyramid, st ill with t he small 

sipiare in the centre, but the four sides sloping (‘cpially towards it,. 

Thus we see that by simply oi^ossluy tin* [)ict ores in the stereo- 
scope, so as to bring before each eye the piclnn* taken for the other, 
a ‘conversion of relicT’ is produced in the resulting solid image, 
the pro)(‘cting parts being made to recede and the receding parts 
brouglit into relief. In like mannei*, wdien several objects are com- 
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billed in the same crossed pictures, their ajiparent relative distaiu'cs 
are i*e versed, the remoter being brought nearer and the nearer 
carried backwards ; so that (for example) a stereoscopic photograph 
repre.senting a man standing in front of a mass of ice shall, by the 
crossing of the pictures, make the figure appear as if imbedded in the 
ice. A like conversion of relief may also be made in the case of 
actual solid objects by the use of \\\(}. pseudoscope ^ instrument 

devised by Pi*ofessor Wheatstone, which has the effect of lanersing 
the perspecti\ e proj(‘ctions of objects seen through it by the two 
eyi's respectively ; so that the interior of a basin or jelly-mould is 
mad(‘ to appear as a [irojecting solid, whilst the exterior is made to 
appear hollow. Hence it is now' customary to speak of stereoscopic 
vision a.s that in which the conce})tion of the true natural relief of an 
object is called up in the mind by the normal combination of the 
tw^j perspective projections formed of it by the right and left eyes 
1 <‘spectively ; whilst by vision we mean that ‘conver- 

sion of relief’ wdiich is produced by the combination of two reversed^ 
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perspective pi-ojections, whether these be obtained directly from the 
object (as by the psendoscope) or from ‘ crossed ’ pictures (as in the 
stereoscope). It is by no means every solid object, however, or every 
pair of stereoscopic pictures which can become the subject of this 
conversion. The degree of facility with which the ‘ converted ’ form 
can be apprehended by the mind appears to have great influence on 
the readiness with which the change is produced. And while there 
are some objects — the interior of a plaster mask of a face, for ex- 
ample — which can always be ‘ converted ’ (or turned inside out) at 
once, there are others which resist such conversion with more 01* less 
of persistence.^ 

Now it is easily shown theoretically that the picture of any 
projecting object seen through the microscope with only the rlifht- 
hand half of an objective having an even moderate angle of aperture, 
must diflTer sensibly from the picture of the same object received 
through the left hand of the same objective ; and, further, that the 
difterence between siu^h pictures must inci*ease with the angular 
a})erture of the objective. This difterence may be pi*actically made 
a])parent by adapting a ‘ stop’ to the objective in such a manner as 
to cover either the right or the left half of its aperture, and then by 
carefully tracing the outline of the object as seen through each half. 
Hut it is more satisfactorily brought into view l)y taking two photo- 
graphic pictures of the object, one through each lateral half of the 
obje(;tive ; for these pictures when properly paired in the stereo- 
s( 50 pe give a, magiiifled image in reliefs biinging out on a, lai’ge scale 
the solid form of the object from which they wei’e taken. What is 
needed, therefore, to give the true stereoscopic power to the micro- 
scope is a means of so bisecting the cone of rays transmitted by the 
objective that of its two lateral halves one shall be transmitted to 
the i*ight and the othei* to the left eye. Tf, however, the image thus 
formed by the rujkt half of the objective of a, (compound mici‘oscope 
were seen by the right eye, and that formed by the left half were 
seen by the left eye, the resultant conception would be not stereo- 
scopic but psetuloscopic^ the projecting pai-ts being made to appear 
l eceding, and vice versa. The reason of this is, that as the microscope 
itself reverses the picture, the rays proceeding through the right and 
the left hand halves of the objective must be made to cross to the 
left and the right eyes respectively, in order to correspond with the 
direct view of the object from the two sides ; for if this second 
reversal does not take place, the efiect of the first reversal of the 
images produced by the microscope exactly corresponds with that 
})roduced by the ‘ crossing ’ of the pictures in the stereoscope, oi- by 
that reversal of the two pei’spective projections formed direct fi’om 
the object, which is eftected by the pseudoscope. It was from a 
want of due appreciation of this principle (the truth of which am 
now be practiadly demonstrated) that the earlier attempts at pro- 
ducing a stei*eoscopic binocular microscope tended rather to produce 
a ‘ pseudosc{)pic conversion ’ of the objects viewed by it than to 
1‘epresent them in this true i*elief. 

^ For a fuller discussion of this subject see the Author’s Menial Phyuology, 

168-170. 
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In contradistinction to this explanation of binocular vision Dr. 
Abbe, as we have seen, luis demonstrated that oblique vision in the 
microscope is wholly unlike ordinary vision ; there is, in fiiet, no 
perspective. The perspective shortening of lines and surfaces by 
oblique projection is entirely lost in the microscope, and, as a con- 
sequence, it is contended that the special dissimilarity which is the 
raison dJ%tre of oi*dinary stereoscopic effects does not exist, but that 
an essentially different mode of dissimilarity is found between the 
two pictures. The outline or contour of a microscopic object is 
unaltered, whether viewed by an axial or an oblique pencil ; there is 
no foreshortening, thei-e is simply lateral displacement of the images 
of consecutive layei*s. But Abbe contends that, whilst the mannei- in 
which dissimilar pictures are formed in the binocular microscope is 
different from that by which they are brought about in ordinary 
stereoscopic vision, yet the jujtivities of the bi-ain and mind by which 
they are so blended as to give rise to sensations of solidity, depth, 
and perspective are practically identical. 

The feet that latei al displacements of the image are seen in the 
microscope depends on a peculiar pro})erty of microscopic amplifica- 
tion, which is ill strong contrast to the method of ordinary vision. 
It depends entirely on the fict, enunciated above, that the amplifi- 
cation of the depth is largely exaggerated. Hence solid v^ision in 
the binocular microscope is confined to large and coarse objects, the 
dimensions of which are large multiples of the wave-length. It 
therefore follows that when moderate or large apei’tures have to be 
employed — that is to say, whenever delineation requires the employ- 
ment of oblique rays — the elements of the object are no longer 
depicted as solid objects seen by the naked eye or through the telescope 
would be depicted ; nevertheless the brain arranges them so that 
the characteristics of solid vision are still presented. 

Professor Abbe demonstrates ^ that in an aplanatic system pencils 
of different obliquities yield identical images of every plane object, 
01’ of a single layer of a solid object. This is tiaie howevei- large the 
aperture may be. 

This carries with it, as we have said, a total absence of perspec- 
tive and an essential geometilcal difference between vision with the 
binocular microscope and vision with the unaided eye. 

An object, not quite flat, as a curved diatom, when observed with 
an objective of wide apei*ture will present points of gi*eat indistinct- 
ness. This has been by some supposed to arise from the assimiption 
that there was a dissimilarity between the images formed by the 
axial and oblique pencils ; but this is not so. It is wholly expli- 
cable by the fact that the depth of the object is too great for the 
small depth of vision attendant upon a laige aperture. 

It will be seen, then, that so long as the depth of the object is 
within the limits of the depth of vision, corresponding to the aperture 
and amplification in use, we obtain a distinct poA'allel pQ'ojection of 
all the successive layers in one common plane perpendicular to the 
axis of the microscope — a gi’ound plan, as it were, of the object. 
Manifestly, then, since depth of vision decreases with increasing 
1 Journ. R.M.S. series ii. vol. iv. pp. 21-24. 
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aperture, good delineation with these must be confined to thinner 
objects than can be successfully employed with objectives of nari“ow 
apertures. 

Stereoscopic vision with the microscope, therefore, is due solely 
to difference of projection exhibited by the different parallactic dis- 
placements of the images of successive layers on the common gi'ound 
plane .and to the perception of not to the delineation of the 

j)lane layers themselves. Foi*, if tliere were dissimilar images per- 
ceptible at different planes, the out-of- focus layers must appear con- 
fused .and 710 visio7i of depth would be possible. 

Now stereoscope vision requires, as shown by Dr. Carpenter, that 
the delineating pencils shall be so divided that one portion of the 
admitted cone of light is conducted to one eye and another portion to 
the other eye. If this division of the image is effected in a symmetri- 
cal way, the cross section of, e.g., a cii'cle must be reduced to two 
semicircles representing one of these two arrangements seen in 
O and P, fig. 70. 


0 


JP 


Fio. 70. 

l)i‘. Abbe’s theory is that the only (condition necessary foi* o7'tho- 
sco'pic effect in any binocular system is that these semicircles oi^ 
their equivalents should be depicted .according to diagram 0, fig. 70, 
and for 'psemloscopic effect accoialing to diagram P in the same figure ; 
and he demonstrates that all other circumstances, such, e.g., as the 
crossing of the images, are wholly immaterial. 

Orthoscopic vision is alw.ays obtained when the light half of the 
right pupil and the left half of the left pupil only ai-e employed ; 
pseudoscopic vision in the opposite conditions. ‘ It is quite indif- 
ferent whether the effect is obtained with crossing or non-crossing 
rays, whether the image be erect, or inverted, or semi-inverted, ami 
whatever may be components of the optical arrangement.’ 

The observant reader will perceive that it is .at this point that 
thei'e is a radical diveigence fi*om the interpretation given by I)i*. 
Carpenter, who, as we have seen above, insisted that orthoscopic 
vision is not to be obtained in a binocular with non-erecting eye-pieces 
unless the axes of the two halves of the admitted cone cfi'oss each 
other. 

Of course we must keep cleaily before us the fact that in micro- 
scopic vision it is not the object but its virtu, al image only that we 
see. This apparently solid image is placed in the binocular micro- 
scope under circumstances similar to those of common objects in 
ordinary vision. Clearly, then, it is the perspective projections of 
this image which require to be compared to the projections of solid 
objects in ordinary vision, in respect to which the criteria of ortho- 
scopic and pseudoscopic vision have been defined. But it can be 
geometrically demonstrated that i*ight-eye perspective of the ap- 
parently solid image is always obtained from the right-hand portion of 
the emergent pencils, left-eye perspective from the left-hand portion ; 
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and it is quite immaterialy as regards this result, which portion of the 
emergent rays is admitted hy the right m* the left part of the objective. 

The manner in which the delineating pe'ticils are transmitted 
through the system may be such as to require crossing over of the 
rays from the right-hand half of the objective to the left eye-piece, 
and vice versa. But it is not essential to binocular effect. In the 
Wenhani and Nachet binocular (pp. 98, 99) crossing over required 
because the inversion of the pencils is not changed by two reflexions. 
If the delineating pencils have been reflected fmeven number of timej^ 
in the same plane, it will be necessary for the rays to cross ; but if 
they have been i*eflected an odd number of times, it is not only un- 
necessary, but is destructive of orthoscopic effect, provided ordinary 
eye-pieces (non-erecting) are employed. Hence in the Stephenson bi- 
nocular it is not only not required, but would give pseudoscopic effect. 

Principal Forms of Binocular Microscopes. — The first binocular 
of a practical character wjis the arrangement of Professor J. L. 
liiddell, of New Orleans. It Wfis devised in 1851 and constructed in 
1852, and a description of its nature and its genesis was given by 
him in the second volume of the fii*st series of the ‘ Quarterly Journal 
of Microscopical Science’ in the year 1854.^ 

A representation of his original instrument is presented in fig. 71 , 
and the arrangement of the prisms by which the binocular effect was 
obtained is shown in fig. 72. 

It will be seen that the pencil of rays emerging from the back 
lens of the combination I is divided into tyo, each half passing re- 
spectively into the light and left prisms ; the path of the rays is 
indicated at a, h, c, d, the object being at o. 

To secure coincidence of the images in the field of view for 
varying widths between the eyes Professor Biddell devised (1) a 
means of regulating the inclination of the prisms by mounting them 
in hinged frames, so tliat, wliile their lowei- edges, near a, fig. 72, 
remain always in parallel contact, the inclination of the internal 
reflecting surfaces can be varied by the action pf the milled head in 
front of the pilsm box ; (2) the lower ends of the binocular tubes 
are connected by ti’avelling sockets, moving on one and the same 
axis, on which are cut (corresponding right- and left-handed screws, 
so that the width of the tubes may correspond with that of the 
prisms ; and (3) the upper ends of the tubes are connected by racks, 
one acting above and the other below the same' pinion, so that right- 
and left-handed movements are communicated by turning the pinion. 

This insti'ument could only be used in a vertical position, as 
shown in the figure (71). The two prisms in fig. 72 correct the in- 
version of the image in a lateral direction, two more prisms are 
needed to correct the inversion in the vertical diiection. These 
Professor Biddell placed above the eye caps, but now they are placed 
immediately above the binocular prisms, fig. 78. 

This system of binocular excited much interest in England im- 
mediately after its publication, and Mr. Wenham in London and 
MM. Nachet, of Paris, soon suggested and devised a variety of 
binocular systems. 


> P. 13. 
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Nachet’s Binocular was early in the field, hut w;is not n 
])raetieal consti'uci ion on aeeonnt of tlie ])ar(‘ll('liMii of its tulK\s, .ind 
is not now ad\ oc.itiMl l)y its inventor or .Mdo[)te(l by opticians of aiiy 
eoiintry. 

Wenham’s Stereoscopic Binocular. — All tlase objections are 
o\ er(‘ome in the adiuii Mble ;ii-ran,ju<‘ni(*nt d(‘\ is(Ml bN the ingenuity of 


Ml. W’rnli.iui, in 1 Sr)( > ( l''i',ms ]\1 irroseopi- 

cmI Sor. ol‘ Ijonilon. ^ ol i. N.S. p. 15), in 
whos(‘ binocnl;ii tho cone of rays pro- 
ee(*dini; upwaid'- fioiii the objective is 
diviiU'd l»y llic int cl p( ir>it ion of a prism 
of th(‘ peculiar form shown in fig. 73, so 
placed in the tube which carries the objec- 
tive (tics 74, 75, «), as only to interrupt 
on(‘ half, n c, of the cone, the other half, 
a going on continuously to the eye- 
piece of tile jirincipal or right-hand body, 
K, in th(* axis of which the objective is 
])hu,'ed. The interru[)t(Ml half of the cone 
(figs. 73, 74, a), on its entrance into the 
Fre. 73.— Wenham h prism prism, is scai‘cely subjected to any refrac- 
tion^ since its axial i‘ay is perpendicular 
to the surface it meets ; but within tlie prism it is subjected to two 
reflexions at h and c, which send it forth again obliquely in the line 



Fig. 74. Fig. 75. 

Wenham’s stereoscopic binocular microscope (1860). 

if towai’ds the eye-piece of the secomlary or hd't-hand Ixxly (hg. 74, 
Ji) ; and since at its emergence its axial ray is again perpendicular 
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to the surface of the glass, it suffers no more refraction on passing 
out of the prism than on entering it. By this arrangement the 
image received by the right eye is formed by the rays which have 
pjussed through the left half of the objective, and have come on 
without any interruption whatever ; whilst the image received by 
the left eye is formed by the rays which have passed through the right 
half of the objective, and have been subjected to two reflexions within 
the prism, passing through only two surfaces of glass. The adjustment- 
for the variation of distance between the axes of the eyes in different- 
individuals is made by drawing out or pushing in the eye-pieces, which 
are moved consentaneously by means of a milled head, as shown in 
fig. 75. Now, .although it may be objected to Mr. Wenham’s method 
(1) that, as the rays which pass through the prism and are obliquely 
reflected into the secondary body traverse a longer distance than 
those which pass on uninterruptedly into the principal body, the 
picture formed by them will be somewhat larger than that which 
is formed by the other set ; but this can be easily compensated for 
by (a) altering the power of one of the eye-pieces, (h) by increasing the 
tube length of the direct tube ; and (2) tliat the picture formed by the 
rays which Imve been subjected to the action of the prism must be 
inferior in distinctness to that formed by the uninterrupted half of 
the cone of rays ; these objections are found to have no pnictical 
weight. For it is well known to those who have experimented 
upon the phenomena of stereoscopic vision (1) that a slight differ- 
ence in the size of the two pictures is no bar to their perfect com- 
bination ; and (2) that if one of the pictures be good, the full effect 
of relief is given to the image, even though the other picture be 
faint and imperfect, provided that the outlines of the latter are 
sufficiently distinct to represent its perspective projection. Hence 
if, instead of the two equally half -good pictures which are obtainable 
by MM. Njichet’s original construction, we had in Mr. Wenham’s 
one good and one indifferent picture, the latter would be decidedly 
preferable. But, in point of fimt, the deterioration of the second 
picture in Mr. Wenham’s arrangement is less considerable than 
that of both pictures in the original .arrangement of MM. Nachet ; 
so that the optical performance of the Wenham binocular is in every 
way superior. It has, in addition, these further advantages over 
the preceding : First, the gre.ater comfort in using it (especially for 
some length of time together), which results from the convergence 
of the axes of the eyes at their usual angle for moderately near 
objects ; secondly, that this binocular arrangement does not necessi- 
tate a special instrument, but may be applied to any microscope 
which is capable of ciirrying the weight of the secondary body, the 
prism being so fixed in a movable frame that it may in a moment 
be taken out of the tube or replaced therein, so that when it has 
been removed the principal body acts in every respect as an ordinary 
microscope, the entire cone of rays passing uninterruptedly into it ; 
and thirdly, that the simplicity of its construction renders its de- 
rangement almost impossible.^ 

1 The Author cannot allow this opportunity to pass without expressing his sense 
of the liberality with which Mr. Wenham freely presented to the public this im- 
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Pig. 76. — Riddell’s binocular 
prisms, as applied by Mr. 
Stephenson (1870). 


Stephenson's Binocular. — A new form of stereoscopic binocular 
has been introduciMl by Mr. Stephenson,^ which has certain dis- 
tinctive foatui t's, and at the time Mr. Ste])henson devised it he was 
entirely unaware that any part of the 
method he employed had been used by 
another. He had, liowever, independently 
(‘ouceived liidilell’s <levice for dividing the 
beam as a part of his very ingenious in- 
stalment. This he discovered and acknow- 
ledged about three years after the full de- 
sci’iption and completion of his binocular.^ 
The cone of rays passing upwards from the 
object-glass meets a pair of prisms (A A, 
fig. 76) fixed in the tube of the microscope 
immediately above the posterior combina- 
tion of the objective, so as to catch the 
light-i*ays on their emergence from it ; 
tla‘sr il dixidos into two halves and he- 
lm \(‘s as described in the Iliddell prisms, 
which, in fact, they are. As the cone of 
lays is ecpially divided by the two prisms, 
and its two halves are similarly acted on, 
the two pictures ai‘e equally illuminated, 
and of the stime size ; while the close ap- 
proximation of the pri.sms to tlie back lens of the objective enables 
even high powers to be used with very little loss of light or of 
definition, provided that the angles and surfaces of the prisms are 

woi-ked with exactness ; and as the two 
bodies can be made to converge at a 
.smaller angle than in the Wenham ai*- 
I'lmgement, the observer looks through 
them with more comfort. But Mr. Ste- 
phenson's ingenious a rrangement is 1 i abl e 
to the gi'eat di*a whack of not being 
convertible (like Mr. Wenham’s) into 
an ordinary monocular by the with- 
drawal of a prism, so that the use of 
this form of it will be probably re- 
sti'icted to those who desire to work 
with a binocular when employing high 
poweis. 

But one of the greatest advantages 
attendant on Mr. Stephenson’s con- 
struction is its capability of being combined with an erecting 
arrangement, which renders it applicable to purposes for which 
the Wenham binocular cannot be conveniently used. By tlie in- 
terposition of a plane silvered mirror, or (still better) of a retiec^tiiig 
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77. — Stephenson’s erecting 
prism (1870). 


liortant invention, by which, there can be no doubt, he might have largely pro- 
fited if he had chosen to retain the exclusive right to it. 

‘ Monthly Microscojyical Journal^ vol. iv. (1870), p. 61, and vol. vii. (1872), p. 1(>7. 
^ Ihid. vol. X. p. 41. 
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prism (fig. 77), above the tube conbiining the binocular prisms, 
each half of the cone of rays is so deflected that its image is reversed 
vertically, the rays entering the prism through the surface C B, being 
reflected by the surfiice A B, so as to pass out again by the surface 
A C in the direction of the dotted lines. Thus the right and the left 
half-cones are directed respectively into the right and the left 
bodies, which are inclined at a convenient angle, as shown in fig. 78 ; 
so that — the stage being horizontal — the instrument becomes a most 
useful compound dissecting microscope, and as thus arranged by 
Swift, with well adjusted rests for the hands, has but few equals for 
the purposes of minute dissections and delicate mounting operations ; 
indeed, the value of the erecting binocidar consists in its applica- 
bility to the picking out of very minute objects, such as Diatoms, 
Folycystina, or Foraminifera, 
and to the prosecution of 
minute dissections, especially 
when these have to be carried on 
in fluid. No one who has only 
thus worked monocidarly can 
appreciate the guidance derivable 
from binocular vision when once 
the habit of woi'king with it has 
been formed. 

ToUes’s Binocular Eye-piece. 

An ingenious eye-piece has been 
constructed by Mr. Tolies (Boston, 

U.S.A.), which, fitted into the 
body of a monocular microscope, 
converts it into an erecting stereo- Fig. 78.— Stephenson’s erecting 
scopic binocular. This conversion binocular (1870). 

is eflfected by the interposition 

of a system of prisms similar to that originally devised by MM. 
Nachet, but made on a larger scale, between an ‘ erector ’ (re- 
sembling that used in the eye-piece of a day-telescope) and a jmir 
of ordinary Huyghenian eye-pieces, the central or dividing prism 
being placed at or neai* the plane of the secondary image formed by 
the erector, while the two eye-pieces are placed immediately above 
the two lateral prisms, and the combination thus making that 
division in the pencils forming the secondary image which in the 
Nachet binocular it makes in the pencils emerging from the objective. 
As all the image-forming rays have to pass through the two surfaces 
of four lenses and two prisms, besides sustaining two internal re- 
flexions in the latter, it is surprising that Professor H. L. Smith, while 
admitting a loss of light, should feel able to speak of the definition 
of this instrument as not inferior to that of either the Wenham or 
the Nachet binocular. It is obviously a great advantage that this 
eye-piece can be used with any microscope and with objectives of 
high power ; but as its eflfectiveness must depend upon extraordinary 
accuracy of workmanship its cost must necessarily be great.^ 

^ See American Jour^ial of Science, vol. xxxviii. (1864), p. Ill, and vol. xxxix. 
(1865), p. 212 ; and Monthly Microsc. Journal, vol. vi. (1871), p. 46. 
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A form of this binocular eye-piece was made by Professor Abbe 
with the ingenuity and thoi‘oughness characteristic of the firm of 
Zeiss ; but in spite of its beauty as an optical instrument, and its use- 
fulness MS applicable to any tube, and especially the shorter tubes 
to which the Wenham 



binocular could not well 
apply, the double image 
in the right-hand tube 
was most conspicuously 
apparent, greatly inter- 
fering with the pei'fection 
of the stereoscopic image. 
On this account chiefly it 
has not come into general 
use. We are nevertheless 
indebted to the firm of 
Zeiss for the introduction 
of a very satisfactory 
form of binocular instru- 
ment, of which we can 
speak with unconditional 
praise. It is designated 
as Greenough’s binocular 
microscope, and we can 
confidently afiirm’ that 
it furnishes an accurate 
solid and withal an erect 
image, so that for all the 
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and has been constructed by means of a combination of Pm^ro prisms 
with a compound microscope of the usual optical type ; it posvsesses 
many of the advantages of the compound micro- 
scope, but inevitably loses light by the passing of 
the ray through so many prisms, yet by means of 
the Potto prisms the inverted image is rendered 
erect. This may be practically illustrated by fig. 

80, which shows that the rays of light in passing 
from the object to the eye undei*go four succes- 
sive reflexions at the surfaces of the prisms and 
emei'ge from the last pidsm with undiminished 
intensity. The prisms, it will be seen, have the 
effect of erecting the inverted image formed 
by the object-glass. But in this microscope 
binocular vision is obtained, not as in the usual 
form of binocular microscope, by the subsequent 
division of a pencil of light passing through 
one, object- glass ; but two complete microscopes, 
each having its own objective and eye-pieces, 
are simultaneously directed upon the object. 

This secures perfect stereoscopic (orthomorphic) 
vision, but of course no power higher than 
1^ inch can be employed. The path of the rays 
is more clearly seen in fig. 81, giving a diagram Fig. 80.— Showing the 
by Mr. Nelson with one of the prism-s turned ®°a^he‘prth o" X 
round 90® to make clearer the action of the rays (1894). 
prisms on the ray. It is well to note that, 
when two of these erectors with a double objective binocular are 
used, the distance between the eyes can be compensated for by 
merely turning the erector adaptors round in the microscope tube. 

This method of erection, which is both valuable and practical, was 
first described in Zahn’s ‘ Oculus Artificialis ’ (1702), only reflectors 
were used instead of pi*isms, but the path of the rays is diverted in 
precisely the same way as with the Porro prisms. 

The stereoscopic binocular is put to its most advantageous use 
when applied either to opaque objects of whose solid forms we are 
desirous of gaining an exact appreciation or to tTamspaTent objects 
which have such a thickness as to make the accurate distinction 
between their nearer and their more remote planes a matter of im- 
portance. All stereoscopic vision with the microscope, so far as it 
is anything more than mere seeing with two eyes, depends, as already 
seen, exclusively upon the unequal inclination of the pencils which 
form the two images to the plane of the preparation, or the axis of 
the microscope. By uniform halving of the pencils — whether by 
prisms above the objective or by diaphragms over the eye-pieces — 
the difference in the directions of the illumination in regard to the 
preparation reaches approximately the half of the angle of aperture 
of the objective, provided that its whole aperture is filled with rays. 
By the one-sided halving we have been considering, the direct image 
is produced by a pencil the axis of which is perpendicular to the 
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plane of the pi'epai*atioii, and the deflected image h^' (me whose axis 
is inclined about a fourth of the angle of apei'ture. 

With low powers, which allow of a relatively considerable 
depth-perspective, the slight dilfenaaM* of iia lmalion, whicli remains 

ill tl 1,0,1 (a ( as(* IS niiil (‘ sufHcieiit to 



Fig. 81. — Simpler illustration of the 
path of the ray with one prism 
turned through an angle of 90^ to 
make the path of the rays clearer. 


produce a \(‘ry markc(l difference in 
the perspectix e of tlie successive layers 
in the images. But with high powers 
the difference in the two images does 
not keep pace — even when both eye- 
pieces are half covered — with the in- 
crease of the angle of apertui e, so long 
as ordinary central illumination is 
used. For in this case the incident 
pencil does not fill the whole of the 
opening of the objective, but only a 
relatively small central part, which, 
as a rule, does not embrace more than 
40° of angle, and in most cases can- 
not embrace more without the clear- 
iu‘ss of the microscopic image being 
afl'ected and the focal de])th also being 
unnecessarily decreased. But as 
those parts of the prepaiation which 
especially allow of solid conception 
are always formed by direct trans- 
mitted rays in observation with trans- 
mitted light, it follows tliat under 
these circumstances the difference of 
the two images is founded, not on the 
whole aperture -angle of the olijec- 
tive, but on the much smaller angle 
of the incident and directly trans 


mitted pencils, which only allow of i*elatively small difterences 
of inclination of the image forming rays to the preparation. It is 


— evident, however, that when objectives 

of short focus and correspondingly large 
angle are used, a considerably greatei* 
differentiation of the two images with re- 
spect to parallax can be produced if, in 
place of one axial illuminating pencil, two 
pencils are used oppositely inclined to the 
axis in such a way that each of the 
images is [iroduced by one of the pencils. 
This kind of double illumination, though 
it cannot be obtained by the simple 
pjy ^2 mirioi , cMii )k“ (‘usily ])roduced by using 

witli file c'ondeiiser a diaphragm with two 
openings (fig. 82), placed in the diaphragm stage under the con- 
denser. We then have it in our power to use, at pleasure, pencils 
of narrower or wider ajx rtuio and of greater or less inclination 
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towards the axis by making the openings of different width and 
<lifferent distance apart. 

With diaphragms of this form (which can easily be made out of 
cai’dboard) the larger aperture angles of high-power objectives may 
be made use of to intensify the stereoscopic effect without employing 
wide pencils, which are prejudicial both fis diminishing the clearness 
of the image and the focal depth. 

Of course with this method of illumination both eye- pieces must 
be half covered in order that one image may receive light only from 
one of the two illuminating cones, and the other only 
from the other. The division of light in both the aper- 
ture-images will then be as shown in fig. 88 ; and it is 
evident that in this case the brightness of the image for 
both eyes together is exiictly the same as would be given fio. 88. 
by one of the two cones alone without any covering. 

The method of illumination here referred to — which was origi- 
nally recommended by Mr. Stephenson for his binocular microscope — 
has, in fact, proved itself to be by far the best when it is a question 
of using higher powei’s than about 300 times. It necessarily requires 
very well corrected and properly adjusted objectives if the sharpness 
of the image is not to suffer ; but if these conditions are satisfied it 
yields most striking stereoscopic effects, even with objectives of 2 mm. 
and less focal length, provided the preparation under observation 
presents within a small depth a sufficiently characteristic structure. 

Non- Stereoscopic Binoculars. — The great comfort which is ex- 
perienced by the microscopist from the conjoint use of both eyes has 
led to the invention of more than one arrangement by which this 
comfort can be secured when those high powers are required which 
cannot be employed with tlie ordinary stei*eoscopic binocular. This 
is accomplished by Messrs. Powell and Lealand by 
taking advantage of the fact already adverted to, that 
when a pencil of rays falls obliquely upon the sur- 
face of a refracting medium a part of it is reflected 
without entering that medium at all. In the place 
usually occupied by the Wenhain prism, they in- 
terpose an inclined plate of glass with parallel sides, 
thi’ough which one portion of the rays proceeding up- 
wards from the whole aperture of the objective passes 
into the 'principal body with very little change in its 
course, whilst another portion is reflected from its sur- 
face into a rectangular prism so placed as to direct it 
obliquely upwards into the secomlary body (fig. 84). 

Although there is a decided difference in brightness be- 
tween the two images, that formed by the reflected rays 
being the fainter, yet there is marvellously little loss of Fio. 84. (1865.) 
definition in either, even when the 50th of an inch objec- 
tive is used. The disc and prism are fixed in a short tube, which can 
be readily substituted in any ordinary binocular microscope for the 
one containing the Wenham prism. Other arrangements were long 
since devised by Mr. Wenham,^ and subsequently by Dr. Schroder, 
1 Transactions of the Microsc. Soc, N.S. vol. xiv. (1866), p. 106. 
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for .securing binocular vision with the highest powers. We have used 
the latter of these with perfect satisfaction, but all that is required 
is at the disposal of the student in the arrangement of Powell and 
Lealand. 

To those who have used these forms of binocular habitually it 
lias been a frequent source of surprise and perplexity that, although 
theoretically such a form as that of Powell and Lealand’s is non- 
stereoscopic, yet objects .studied with high powei*s have appeared as 
if in relief, and the effect upon the mind of stereoscopic vision has 
been distinctly manife.st. The Editor was conscious 
I I of this for many years in the use of the Powell and 

Lealand form, with even the -/^yth of an inch power 
of the achromatic construction ; at the time he intei*- 
j preted it as a conceptual effect ; but it always arose 

• when the pupils fell upon the outer halves of the 

VP Ramsden circles. The explanation. Dr. A. 0. 

[ Mercer considers,^ is due to Abbe. Since (fig. 85) 

• when the eye-pieces are at such a distance apart that 

the Ramsden circles correspond exactly with the 
I j pupils of the eyes, centre to centre, the object appeal’s 

' ’ flat. But if the eye-pieces be racked down, so as 

Fig. s5. to be nearer together, the centi*es of the pupils fall 
upon the outer halves of the Ramsden cii’cles and we 
have the conditions of orthoscopic effect ; while if they be racked up 
so as to be more separated, the centres of the pupils fall on the inner 
halves, and we have pseudoscopic effect. 

The Optical Investigations of Gauss. — Before leaving this section 
of our subject, in which we have endeavoured, with as much clear- 
ness as we could command, to enable the general reader to com- 
prehend with intelligibility the principles of theoi'etical and applied 
optics as they relate to the microscope, we believe we .shall serve 
the higher intere.sts of microscopy, and the wants or desires of the 
more advanced microscopical experts, if we endeavour to present in 
a form either devoid of techniciility or with inevitable technicalities 
explained a general outline and then an application of the famous 
dioptric investigations of Gauss ^ an eminent German mathematician, 
who, amongst many other brilliant labours in applied mathematics, 
expounded the laws of the refraction of light in the case of a co-axial 
system of spherical surfaces^ having media of various refractive in- 
dices lying between them. 

Although the a.ssumptions upon which the formula? of CJauss 
rest are not coincident with the conditions presented by the lens- 
combinations which are employed in the construction of modern 
objectives of great aperture, the results, nevertheless, furnish an 
admirable presentation of the path of the rays and the positions of 
cardinal points, even in the microscope as we know and use it. 

We remember that the microscope is largely used in England 
and America by men who can only employ it in their more or less 
brief recessions from professional and commercial pursuits, but who 
often employ it with enthusiasm and intelligent purpose. Much 
* Journ. B.M.S. ser. ii. vol. ii p. 271. 
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scientific work may be done by such men, and it will promote the 
accomplishment of this, in our judgment, if the frequently expressed 
desire be met which will enable 


such students to understand in a 
general but thoroughly intelli- 
gent manner the principles in- 
volved in the employment of 
systems of lenses. 

Many such either have scanty 
knowledge of algebra, or in the 
continuous pressure of other 
claims have lost much that they 
once possessed. We believe that 
in these cases the following ex- 
position of the dioptric system 
of Gauss, with a following ex- 
ample worked out in full and 
with every step made clear, will 
be of real and practical value. 
Without some intelligible under- 
standing of the ultimate prin- 
ciples of the microscope no re- 
sults of the highest order can, at 
least with moderate and high- 
power lenses of the best modern 
construction, be anticipated. On 
this ground we cominend the 
study to the earnest reader. 

Let R N, S N' (fig. 86) be 
the spherical surfaces of a, lens 
of density greater than air, and 
let P R S ^ be the course of a 
ray of light passing through it ; 
C, O', the centi*es of the spherical 
surfaces. 

Let PR, R S be produced 
to meet the perpendiculars 
through C and 0' in A and A'. 

Let C R=r, 0' 8=7-', 
index of refraction out of air 
into the medium. N N'=rZ, the 
thickness of the lens. N R=:&, 
N' 8=6'. These may be con- 
sidered as straight lines. 

Let the equation to P R be 

y — ft ==777(a;— O N) . . (1) 

Let the equation to R S be 
y— ft O N) . . (2) 



' This figure is greatly exaggerated for the soke of clearness. 

2 If either of the curvatures be turned in the opposite direction the sign of the 
corresponding r must be changed. 


Pig. 86.1 
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or, y — h'"=.m'(x — O N') . . (3) 

Let the equation to Sjo be 3 / -6'=m"(.T--0 N') . . (4) 

From (2) and (3) 

(ON'— ON)=m'N'Nr=?a'(Z . . . (5) 

Now sin C R. A=/i . sin CRB; 

or, --- . sin C A R=)u . — . sin C B R. 

U xv L/ it 

Now C A and C B are the values of y in equations (1) and ( 2 ) 
when a~0 C ; 

C A=i^ + m(0 C-0 N)=6-f m r ; 
and similarly C B=/> + m' r ; 

(b+mr) sin 0 A R=/u, ( 6 -h w' r) sin 0 B R. 

Now CAR, C B R do not in general differ much from each 
other, so that for a first approximation we may consider them to be 
equal. 

b-^7ii r=^y(h-^7)i' r), i.e. fi ^ . h. 


T , LI — 1 

z=zu\ then /Li 7i?/=7?i — 6 

Similarly, sin C' S B'=-/li . sin C' S A' ; 

C'B' . C'A' . 

.^,g.smCBS=^..smC A'S; 


• ('i> 


and, as before, 

C' C' A'=://*f W r' from equations (4) and (3) ; 

as before we may take 

6 ' + ???/' r'=/i ( 6 ' + m'r'), or . 


Let 


\ = ?//, thei i a inf = mf' — h' nf 
r 


in 


m d 


From (5) and ( 6 ) + - (\ + 

/i \ y / 

,, this and ( 7 ) -^b u' (l — d ii\ in^l tf> 

\ M 

and from ( 6 ) z=zm’—b u-^^b nf ^1 — +’ 

( , , d u'\ , 7 / , du n!\ 

1 4 - j 4 . b — j. 


iti d u' 


Assume 

d j . du . d id 
- :=zh, 1 — — =^ 14 - -=,1 id — u 

M A* ^ ^ ' 

then 


d u 'i 




Now let X, Y be the coordinates of P, the point fi‘om which the 
ray of light proceeds ; 

then by ( 1 ) 


b^Y^m (X-0 N) ; 
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substituting in (8) 
whence 


Y + m . X-0 N) ; 


7n" — k Y ,, V I / // 7 v\ ^ — y — ON) 

'“^ = l-k (X-ON) = ^ Y + K^-^Y) N)- 

Now substituting in (4) the equation to the refracted ray 
becomes 


/y-Y 

-m +(y_T(X-()N); ’ 

A_,/(X-0N)^ 


(X-ONV 


(!>) 


oi- hy (8) 

•'/ - Z _y; -(X - O N) = (" + 53 

First: Jf X ])e taken sucli that I — k (X — ()N)= 1, i.e. 
X = O N — ^ 7 suppose ; 

tlien when 

.r:=0 N'— A + ^“”^=ON'+^ *^^=OE', suppose, 

k k 

y=Y, 01 * P and p ai‘e ecpially distant from the axis. 

Also, if Y = 0, V/ = 0; or if a ray proceed from E, it will after 
refraction passthrough E'. Also m ^ ^ = ?7?/', that is, 

the ray will be equally inclined to the axis before and after refrac- 
tion. 

E and E' are called the ‘ principal points.’ 

iln! 


()E=:ON 


:()N + 


-z 


\ 


= O N + 


d id 


'll! — ll, — 


d It id 


p (a/ ~ ll) — d It id ’ 


()E'=()N' -b 


•y 


=:0N'4- ■ 


d It 
H- 


■It — 'll — 


d 'It id 


d It 


:0^^“f"'// \ 7 t 

p (id — It) — d It It 


Secondly : If vd' = 0, or the ray be parallel to tlie axis after 
refraction, we have from (8) 

A = — e(|uation to tlie incident ray becomes 
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1 + 


du' 


when2/ = 0,x = ON +^ = ON + 

— It— 

= O F, suppose. ^ 

= 0, or the ray be parallel to the axis before refraction, we 
have from (8) 

6' = (/ ft = equation to the refracted ray becomes 


y __ ^ = m" {x — O N'), or y ■ 

k 




when y = 0, .o? = O N' — = O N' — 


1 - 


. du 


= O F', suppose. 

F and F' are called the ‘ focal points.’ 

/Li 4- d u' 

fi (id — 'll) — d u 'll! 
fi — d u 

jjL ('ll/ — u) — d 'll 'll! 

The focal distance — y’=OF — OE = OE' — OF' 

h 


d 'll \if 


OF==ON 4- 

O F' = 0 N' 


y (n! — ii) — d u id 

Similarly, it may be shown that if there be two lenses, and sub- 
script numbei's refer to the first and second lens respectively, while 
E, E', F, F' refer to the entire system, and if 
a = OE2 — OE/, 

= — ^ = /X, (u/ — u^) — d^ 

J\ 


, =r - ^-2 ^ 

h 

OE=:OEi 4- - 


i 72 - - = P 2 ('^2' — '^2) — ^'2 ^'2'j 

/2 


y\ ^^2 


0E' = 0E2'- 

OF = OE, 4- 


/^2 ^’2 + ^ ^’2 [ 



2 fji.^Vy 4 - yi ^^2 + ^2 

(a^2 + ^ ^^ 2) 


OF' = OEn'- 


/^2^l ^2 4- 8^1 ^2 

/^2(/^l +i^l) 
H2'^l + /-*! ^2 + ^^1 ^2 


We are now prepared to 'W07*k out an example of the Gauss system 
by tracing a ray through two or more lenses on an axis, showing how 
any conjugate maybe found through two or more lenses on that axis.^ 

1 Remembering our object, and the assumed conditions of some for whom we 
write, we do not hesitate to preface this with the following notes to remind the 
reader of the sense attached to certain mathematical expressions. 

CO means infinity. A plane surface of a lens is considered a spherical surface of 
an infinite radius. Any number divided by c» = 0 any number divided byO — 00; 
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The Gauss system of tracing a ray through two or more lenses 
on an axis illustrated by means of a worked-out example. 

Two lenses, 1 and 2, fig. 87, or an axis x y are given. No. 1 is 
a double convex of crown ^ inch thick, the refractive index y. being 
f , the radius of the surface A is f and that of B 1 inch. No. 2 lens 
is a plano-concave of flint inch thick, the refnictive index y. being 
I, the radius of the surface C is -J, and the surface 1) is plane. The 
distance between the lenses, that is, from B to C measured on the 
axis, is J inch. The problem is to find the conjugate focus of any 
given point V. 

In order to accomplish this two points have first to be found with 
regard to each lens. These points are called principal points (see 
PP', QQ' in fig. 87). When the radii of curvature r and r', d, 
the thickness, and yy refractive indices of the respective 

lenses,^ are known, the distance of these points from the vertices, i.e. 
the points where the axis cuts the surfaces of the lens, can be found. 
Thus by applying Professor Fuller’s formulae to lens 1 the distance of 
P from the vertex A can be determined — seep. 115 (i) — similarly P^ 
from B — p. 115 (ii). In the same way the points QQ' from C and II 
in lens 2 can be measured off' — (v) (vi), pp. 115, lib. 

It must be particulaily noticed that in measuring off any dis- 
tance if the number is -f it must be measured from left to right, 
and if — from right to left. Thus in (i) p. 115 because the sign of 
•158 is -f P lies *158 of an inch to the right of A. And in (ii) 
because *21 is — P' lies -21 of an inch to the left of B. The same 
rule applies to the radii ; thus the radius of A, being measured from 
the vertex to the centre or from left to right, is -f ; but the radius 
of B, being measui’ed from the vertex to its centre or from right to 
left, is — . Similarly witli the concjive surface, 0 being measured 
from right to left is — . 

In both the examples before us the points PP', QQ' fall inside 

any number multiplied by 0 = 0. plus, or minus, or multiplied by any number is- 
still 

The following are the rules for the treatment of algebraical signs : 

In the multiplication or division of like signs the result is always plus ; but if 
the signs are dissimilar it is always minus. 

In addition, add all the terms together that have a plus sign ; then all the terms 
with tt minus sign ; subtract the less from the greater and affix tlie sign of the 
greater. Example : 

+ 3-4 + 2-5=-4. 

In subtraction change the sign of the term to be subtracted and then add in 
accordance with the previous rule. Example : 

-3 
+ 2 
-5 

An example occurs in the annexed equations (x) and (xi), p. 116, of 
but then the + is changed into a — by the negative sign in front of the fraction. 
In (xii), p. 116, however, there being a + in front of the fraction, the result remains 
positive. 

1 In the worked-out example no distinction has been made between the r, r' of 
one lens and the r, r' of the other lens, as well as of p and d, because when the 
principal points and focal length are determined for one lens those expressions are 
not again needed, so the same letters with different values assigned to them may be 
equally well used for the next lens. Too many different terms are apt to confuse 
the student, while those who are familiar with mathematical expressions will under- 
stand the arrangement. 
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their respective lenses, but it does not follow that they will do so in 
every instance. In some forms of menisci, for example, they will fall 
outside the lens altogether. 

With regard to the focus of the lens it follows the same rule ; 
thus, f in lens 1 is measured to the left from P, and f' to the right 
fromP'; similarly in lens 2,/" is measured to the right from Q, 
and to the left from Q'. 

Having determined the focal length of each lens, the distance 
between the right-hand principal point of the first lens P' and the 
left-hand principal point of the second lens Q must next be found. It 
manifestly is the distance of B from P' + the distance B C between 
the lenses, Q being at the point C. Therefore, 

P' Q=*21-f •25=*46=c. 

When these three data, liave been obtained — that is, tlie focal 
length of each lens, and the distance between them — we are in a 
position to apply the formuhe (ix) and (x), p. 116, to find the principal 
points E and E' of the (*ombination. 

In selecting the value of the focus to be put into the ecpiations 
for both lenses, the last must be ta,ken, that is, in lens 1 (iv) oi- 
+ •947, and in lens 2 (viii), or— 1-875. 

It will be noticed that the value of E being negative, it will be 
measured *314 inch to the left from P, fSimilaily, E' is measured 
•622 inch to the left from Q'. 

0 also is 1*28 to the left from E, and </>' 1 *28 to the right from E'. 

These four points, E E' and </> are called the cardinal points 
of the combination. 

Here it must be observed tliat in this work it has been necessary 
for want of space to i-estrict the problem to dry lenses, that is, to 
those ciises where the i‘ay emerges from the combination into aii*, the 
sjime medium in which it was travelling on immergence. It is on 
that account that the values of (p and are the same. 

Having now obtained the foui* cardinal points, we may at once 
proceed to find the conjugate of .r. 

Let X equal the distance of the point x from the focal plane 0, 
and y the distance of its conjugate from Then by formula (xiii) 

=z= 02, and as x = 1 inch, y = ^ — ] *6384. 

This numerically determines the position of the conjugate plane. 

If the rays incident on the combination are jnirallel, then a;= oo, 

d) 2 

and y = ™ = 0, which means that y is coincident with 0'. 

The following is the graphic method of finding the conjugate of 
V. From V, fig. 87, draw a line parallel to the axis to meet E', and 
from the point where it meets E' draw a line through N, the point 
where 0' cuts the axis, to W. 

From V draw another line through M, the point where 0 cuts 
the axis, to meet E, and from the point whei*e it meets E draw a 
line parallel to the axis, cutting the other line in W. W will be the 
conjugate of V, which was required. 
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If it is required to find 
the conjugate of a ray pjiss- 
ing through three lenses on 
an axis, two of the lenses 
must be combined and their 
four cardinal points found. 

The principal points 
and the focal length of the 
third lens must then be 
calculated, and then com- 
bined in their turn by 
formula' (ix), (x), (xi), and 
(xii), p. 116, with the car- 
dinal points of the double 
combination. 8 is taken as 
the distance of the first 
principal point of the com- 
bination, nearest the third 
lens, to the second principal 
point of the lens, nearest 
the combination. A fresh 
set of cardinal points is de- 
termined in this manner 
for the thi*ee lenses. 

So also with four lenses ; 
the cardinal points of etich 
pair being found, they are 
combined by the same 
formuhe, and new cai’dinal 
points for the whole com- 
bination of four lenses are 
obtained. Similarly, th(‘ 
cardinal points of five, six, 
or any number of lenses 
can be found and the con- 
j ligate of any point local ised . 

Finally, no one need be 
discouraged by the appeai*- 
ance of the length of the 
calculation ; the example is 
given in full, so that any 
one acquainted only ivith 
vulgar fractions ami deci- 
mals can work it, or any 
other similar problem, out. 

In lens No. 1, for in- 
stance, the numeratoi's of 
the fractions ai’e all very 
simple, and the denomina- 
tors of the four equations 
are all alike ; so, too, in 



Fig. 87. 
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the equations for No, 2 and in those for both lenses. Further, / is 
the same as/",/'" as /", and 0' as Hence the problem is much 
shorter than it looks. 

If the conjugate of a point on the axis is only required, and if 
the principal points and foci of each lens have been determined, it 
will not be necessary to enter into the further calculation to find E, 
E' and the cardinal points of the combination. 

The method of procedure is as follows : x is the given point, 

its distance from /, the focus of lens No. 1, must first be measured. 
Call this distance x. Then the distance of o its conjugHte from the 
other focus,/', supposing lens No. 2 to be removed, can be found by 
formula 


O X =/■-*, o = , 

X 

/2 = -897, = 1-65; 


■ 1-65 


= -543. 


This is the distance from J' to o. 

As the distance from x to / is positive, the distance between /' 
and 0 is also positive ; so o is to the right of/'. 

Before proceeding it will be as well to examine otla'i* possible 
cases which might occur. 

Suppose that x was at the point /, then x woidd e(|ual 0, and 
<)==x ; that is, o would lie at an infinite distance from /'. If, on 
the other hand, the point x was to the right of /, x would be nega- 
tive, and 0 would be also negative, because /^ is always positive ; 
0 would then be measui'ed off to the left of /', and the conjugate 
would be virtual. This means that there will be no real image, 
because the rays will be divergent on the /' side of the lens, as if 
they had come from some focus on the / side of the lens. But to 
return. The point o having been found to be the conjugate of x^ 
due to the sole influence of No. 1 lens, we have next to measure the 
distance between o and /", and, by applying the s^ime formula, find 
the distance of its conjugate from /'", owing to the exclusive effect 
■of No. 2 lens now replaced. This distance o /" may be found thus : 

F o=P' /'+/' o=:-947 + -543= 1-49 ; 
p/ /'/=FB + BC-fQ/"=-2l4-'25 + l*875=2-335; 

F /"— F o=o/"=2-335— 1*49 = -845. 

Calling this distance O, then, by formula y 0= /" we shall find 

/•"2 3*515 

‘ ' O ^ *845 


the distance of y from /'", which we shall call y. v/= = 


=4*16, which is positive ; therefore y lies 4*16 inches frtmi /'" to the 
right hand, y is therefore the conjugate of x, due to the influence 
of both lenses 1 and 2. Similarly, the conjugate of any point on the 
axis may be found through any number of lenses. 

Lem No. 1 : Data. — Kadius A = - = r ; radius B = — 1 = r' ; 

4 

1 3 

foci, /, /' ; thickness = =:c^; P = principal point mea- 
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sured from A ; P''=principal point measured fi om B 

^ 1_ — ?. = = — 1- 

r ■“ 3 "“a’ ?•' T“ 2’ 

4 

/ / X 3 / 1 2\ 7 ; , 1 2 1 I 

^ 2 V 2 37 4’ 2^3 ^ 2- 6 

/ , X . , 19 

fj. {it' — == — 4 + /.= ““io= — l‘oS3 : 


4^(>“ 12” 

1 1 

.3 * 3 

_19 ~^ + 19 

12 

=A + -158 

1 2 


P'=B + 


d 'It 


fjL {u' — 'it) — d it it‘ 


_=B + 
>/. }// 


2^3 


19 19 

'12 


=B--*21 


^ (it' — It) — d it It' ^ 19 

12 


3 

19 


=P-^.947 


( 1 ) 


(ii) 


(iii) 


/ ' = P' — ^ 

/I (it' — 'it) — d It it* 


— P' p' 4 . 

^difit' 19 ^19 

■~12 

=P'4--947 (iv) 

9 

Lens No. 2 : Data . — Radius C = — g=''’ 5 I’Jidius 1) = 00 = r'; 
1 8 

foci, thickness ^ = Q = principal point 

measured from 0 ; Q'=principal point measured from 1). 


«-i 

1 

7* 9 

8 


8-1 

8 , M— 1 5 

jg ;«=^=_ = 0 ; 


/ , ^ 8/^ 8\ 64 , , 1 8 „ „ 

p - u) =g(0 + ; duu X ,, x0=0 ; 

/ / \ 7 / QKQ 

P (it' — u)—d it a = _— 0 = ; 


^ fi (it —‘it)’--dit u' 64 

75 


(v) 



VISION WITH THE COMPOUND MICROSCOPE 




1 8 

r0^~15 _ 1 
'' 64 16 


:T)— 0625 . 

8 


/•" = Q+ --- =Q+^, + 

— ti) — ilun o 

75 


- Q + ^ - Q + ‘I := Q + 1 -875 (vii) 


/"'=Q' _ ,=Q'_^=Q'- 

u {(( — w) — dun 


75 

=Q'— 1-875 (viii) 

Hath Lenses . — Distance apart = B O =l=-25 ; P' Q = -21 + '25 

= -46 = ? ; /■= focus of No. I lens =r -947 ; /' = focus of No. 2 
lens = — 1 -875. 

K = l.- •4<VX-S47^ _ =P+ 


.= 1* + 


^ f + /•' — I -947 — 1-875 — -46 

==p_-.-)14 

l.v_Q._ If’ =Q'_ . 

- '' / +/' - c ^ -947 - I -875 - -46 

= Q' _ Q' — -621 

_ 1 -ass 

/■/' ^J5;_ -947 X - 1-875 

^ / 4- 7 & -947 — 1 -875 - -46 


= P + 


= E — 


= E — 1 -28 


^ ^ / +/' _ g -947 - 1 -875 — -46 


'/ = ; V 


= = 1-6:184 

,r 1 -0 
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CHAPTER III 

THE HISTOBY AND DEVELOPMENT OF THE MICROSCOPE 

The historic progression of the modern microscope fi*om its earliest 
inception to its most perfect form is not only full of interest, but is 
also full of the most valuable instruction to the practical micro- 
scopist. In regard to the details of this, onr knowledge has been 
gi’eatly enriched during recent years. The anticpiarian knowledge 
aiid zeal in tliis matter possessed by Mi*. John Mayall, jun., and 
the uni({ue and valuable collection of microscopes made by Frank 
Crisp, Esq., LLR., ranging as they do through all the history of 
the instrument, from its earliest employment to its latest forms, 
have furnished us with a knowledge of the details of its history not 
possessed by our immediate predecessors. 

We may obtain much insight into the nature of what is indis- 
pensable and desirable in the microscope, both on its mechanical and 
optical sides, by a thoughtful perustil of these details. It will do 
more to enable the student to infer what a good microscope should 
be than the most exhaustive account of the varieties of instrument 
at this time produced by the several makers (always well presented 
in their respective catalogues) can possibly do. Availing ourselves 
of the material jdaced at our disposal by the generosity of these 
gentlemen, we shall therefore trace the main points in the origin 
and pi'ogress of the mici*oscope as we now know it. 

Mr. Mayall ^ gives what we must consider unanswerable reasons 
for looking upon the microscope, ‘ as we know and employ it,’ as a 
strictly modern invention. Its occurrence at the period when the 
spirit of modern scientific reseai*ch was asserting itself, and when 
the necessity for all such aids to physical inquiry and experimental 
research was of the highest value, is as striking as it is full of 
interest. 

It may be held as faii’ly established that magnifying lenses wei*<‘ 
not known to the ancients, the simplest optical instruments as we 
understand them having no place in their civilistxtion . 

A lai*ge number of passjiges taken from ancient authors, and 
having an apparent or supposed reference to the employment of 
magnifying instruments, have been collected and aii*efully criticised, 
with the result that all such passages can be explained without in- 
volving this assumption. 

We learn from Pliny the elder and others, that crystal globes 
filled with water were employed for aiuterisation by focussing the 

1 Cantor Lectures on the Microscope, 1886, p. 1. 
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sun’s rays as a burning-glass, and that those were used to produce 
ignition ; but there is no trace of suggestion that these refracting 
globes could act as magnifying instruments. 

Seneai (‘Qusest. Nat.’ i. 6, § 5) sbites, however, that ‘letters 
though small and indistinct are seen enlai’ged and more distinct 
through a globe of glass filled with water.’ He also states that 
‘ fruit apj^ears largei’ when seen immersed in a vase of glass.’ But 
he only concludes fiom this that all objects seen through water 
appear larger than they are. 

In like manner it could be shown that Archimedes, Ptolemy, 
and others had no knowledge of the principles on which refraction 
took place at curved sui faces. 

Nor is there any ancient mention of spectacles or other aids to 
vision. Optical phenomena wei-e trefited of ; Aiistotle and the Greek 
physician Alexiinder dealt with myopy and presbyopy ; Plutai’ch 
treated of myopy, and Pliny of the sight. But no allusion is made 
to even the most simple optical aids ; nor is there any reference to 
any such instruments by any Greek or Roman physician or author. 
In the fifth century of the Chi-istian era the Greek physician Actius 
says that myopy is incurable ; and similarly in the thirteenth 
century another Greek physician, Actuarius, says that it is an in- 
firmity of sight for which art C4in do nothing. But since the end of 
the thirteenth century, which is aftei* the invention of spectacles, 
they are frequently i*efei*red to in medicfil treatises and other works. 

If we turn to the works of ancient artists we find amongst their 
cut gems some works which reveal extreme minuteness of detail and 
deliwicy of execution, and some have contended that these could 
only have been executed by means of lenses. But it is the opinion 
of experts that there is no engraved work in our national collection 
in the gem department that could not have been engraved by a 
qualified modern engiuver by means of unaided vision ; and in 
reference to some very miniite writing which it was stated by Pliny 
that Cicero saw, Solinu.s and Plutarch, as well as Pliny, allude to these 
marvels of workmanship for the purpose of proving that some men 
are naturally endowed with powers of vision quite exceptional in 
their excellence, no attempt being made to explain their minute 
details as the result of using magnifying lenses. 

These and many other instances in which reference to lenses 
must have been made had they existed or been known are con- 
clusive ; for it is inconceivable that even simple dioptric lenses, to 
say nothing of spectacles, microscopes and telescopes, could have 
been known to the ancients without reference to them having been 
made by many writers, and especially by such men as Galen and 
Pliny. 

The earliest known reference to the iiivention of spectacles is 
found in a manuscript dating from Florence in 1299, in which the 
writer says, ‘ I find myself so pressed by age that I can neithei* 
read nor write without those glasses they call spectacles, lately in- 
vented, to the great advantage of poor old men when their sight 
grows weak.’ ^ Giordano da Rivalto in 1305 says that the invention 
1 Smith’s Optics^ Cambridge, 1788, 2 vols. ii. pp. 12, 13. 
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of spectacles dates biick ‘twenty years/ which would be about 1285. 
It is now known that they were invented by Salvino d’Armato degli 
Armati, a Florentine, who died in 1317. He kept the secret for 
profit, but it was discovered and published before his death. But 
there is a singular evidence that a lens used for the purpose of 
magnification was in existence as early as between 1513 and 1520, 
for at that time Raphael painted a portrait of Pope Leo X. which 
is in the Palazzo Pitti, Florence. In this picture the Pope is drawn 
holding a hand magnifiei*, evidently intended to examine carefully 
the pages of a book open before him. But no instruments com- 
parable to the modern telescope and microscope arose earlier than 
the beginning of the seventeenth century and the closing years of 
the sixteenth century respectively. 

It is, of course, known that there is in the British Museum a 
remarkable piece of lock crystal, which is oval in shape and ground 
to a plano-convex form, whicli was found by Mr. Layard during the 
excavations of Sargon’s Palace <at 
Ximroud, and which Sii* David 
Brewster believed was a lens de- 
signed for the purpose of magni- 
fying. If this could be established 
it would of course be of great 
interest, for it has been found 
possible to fix the date of its pro- 
duction with great probability as 
not later than 721-705 B.c. 

A drawing of this ‘ lens ’ in two 
aspects is shown in figs. 88 and 89, 
and we spent some hours in the 
careful examination of this piece 
of worked rock crystal, which by 
the courtesy of the officials we were 
permitted to photograph in various 
positions, and we are convinced 
that its lenticular character as a dioptric instrument cannot be made 
out. There are cloudy strije in it, which would prove fiital for 
opticiil purposes, but would be even sought for if it had been intended 
as a decorative boss ; while the grinding of the ‘ convex ’ surface 
is not smooth, but produced by a large number of irregular facets, 
making the curvature quite unfit for optical purposes. In truth, 
it may be fairly token as established that there is no evidence of any 
kind to justify us in believing that lenses for optical purposes were 
known or used before the invention of spectacles. 

From the simple spectacle-lens, the transition to lenses of shorter 
and shorter focus, and ultimately to the combination of lenses into 
a compound form, would be — in such an age as that in which the 
invention of spectacles arose — only a matter of time. But it i^ 
almost impossible to fix the exact date of the production of the first 
microscope, as distinguished from a mere magnifying lens. 

There is nevertheless a consent on the part of those best able 
to judge that it must have been between 1590 and 1609 ; while it is 
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proLril)le (blit l)y no 11 H‘ni IS certain) 1 liMi Hans and Znch.n i.is J,inss(ni, 
spccCiclc ni;ik('is. of Middelburg, llollaiul, were the in\cnt-ors. Ibit 
It would Mppc.n- tli.'it the earliest inii'roseope was eonstrueted for 
ob.se i \ in ol)j('el s b\ I'cHeoted light Old \ . 

At. th(‘ Jju.in (‘oll(H*tion of Scientitk* 1 iistiainients in London in 
1871) an old niieroM*o|H\ winch had been found at Middtdhiirg, was 
shown, which. Ih-of(‘s.sor Ilai'ting considered, nii^ht possibly have 
h(‘(*n made In lh(' danssiais. It is ilrawn in ti^. IH). ;md consists of 
a combination of a convex object-lens and a c'onvex eye- 
lens, which form was not published as an actual con- 
struction until 1G46 by Fontana, which, as Mr. Mayall 
] mints out, does not harmonise with the assumption 
that this instrument was constructed by one of the 

0 I 

Janssiais. 

^ It is strictly a compound microscope, and the dis- 

tance between the lenses can be i*egulated by two 
draw -tubes. There are three diaph r a li ms, and the eye - 
h'lis lies in a wood cell, and is held there by a wire ring 
spiling in. The object-lens, a, is loose in the actual 
d instrument, but was originally fixed in a similar way 
to h. 

It cannot be an easy task — if it be even a pos- 
Frc j)() ^ — to definitely <let(u-mine upon the actual indi- 

wl.mssrii’s’ vidual or individuals by whom the compound micro- 
( oiiipouiul scope was first invented. Recently some valuable 
evidence has been adduc(‘d claiming its sole invention 
for (hdileo. In a memoir published in 1888^ Professor 
< }. ( h)\'i, who has made the (piestion a subject of large and continuous 
i (*seai'ch, certainly adduces evidence of a kind not easily waived. 

Iluyghens and, following him, many others assign the invention 
of the compound mici’oscojie to Cornelius Drebbel, a Dutchman, in 
the year 1621 : but it has beiai suggi'sted that he derived his know- 
le<lge fi-om Zachaiias Janssen or his hither, Hans Janssen, spectacle 
maki'is. in Holland jiliout the year 1590; while Fontana, a Nea- 
politan. claiiiK'd the discovery for himself in 1618. It is said that 
thr d.iiis.srns pri'^ented the lirst microscope to Charles Albert, Arch- 
duk(' of Austria • and Sir J). Brewster states, in his ‘Treatise on the 
.M ici oscopia that one of their microscopes which they presented to 
Ih nice M, mi ice was in 1617 in the possession of Cornelius Drebbel, 
tin'll m, it liem.it ichin to the Court of James I., where ‘he made 
m icroM‘oj)e> .md jias.s<Ml them off as his own invention.’ 

N(‘\ ( rthi los.s \\c‘ are told by Vi\i;ini, an Italian mathematician, 
in hl'^ ‘ laid of ( kdileo.' that ‘this great man was led to the discovery 
of the microscope from that of the telescope,’ and that ‘in 1612 he 
^ent OIK' to Sigismiind. K ing of Poland.’ 

We now ii'ci'ni' e\ddence thi’ough the reseai*ches of (lovi that 
the in\('ntion w.-is .sohdy <lue to (Jalileo iii the V('ar 1()10. I’roic'ssoc 
Co\i undi'rstands liy ‘ simple microscope* ’ an instrument ‘ consisting 
ot a single h'lis or mii'i'or,’ ami by ‘compouml microscope’ one ‘ con- 

‘ Atti. li. A(a(l. Sri. Fis. N(t/ Napoh, \ol. ii. series li. ‘ II microscopio composto 
inveiitato da Galileo,’ Journ. li.M.S. Pt. IV. 1H89, p. 574. 
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sisting of several lenses or a suitable combination of lenses and 
mirrors/ 

In a pamphlet published in 1881, treating of the invention of 
the binocular telescope, Govi pointed out that Chorez, a spectacle 
maker, in 1625, used the Dutch telescope as a microscope, and stated 
that with it ‘ a mite appeared as large as a pea ,** so that one can 
distinguish its head, its feet, and its hair — a thing which seemed in- 
credible to many until they witnessed it with admiration/ 

To this quotation he added : — 

^ This transformation of the telescope into a microscope (or, as 
opticians in our own day would say, into a Bilicke lens) was not an 
invention of the French optician. Galileo had accomplished it in the 
year 1610, and had announced it to the learned by one of his pupils, 
John Wodderborn, a Scotchman, in a work which the latter had 
just published against the mad ‘‘ Peregrinazione ” of Horky. Here 
are the exact words of Wodderborn (p. 7) : — 

‘ Ego nunc admirabilis huius perspicilli perfectiones explanare 
no conabor : sensus ipse index est integerrimus circa obiectum pi*o- 
prium. Quid quod eminus mille passus et ultra cum neque videre 
iudicares obiectum, adhibito perspicillo, statim certo cognoscas, esse 
hunc Socratem Sophronici filium venientem, sed tempus nos docebit 
et quotidianje nouarum rerum detectiones quam egregie perspicillum 
suo fungatur munere, nam in hoc tota omnis instiaunenti sita est 
pulchritudo. 

‘ Audiueram, paucis ante diebus authorem ipsum Excellentissimo 
D. Cremonino purpurato philosopho varia narrantem scitu dignissima 
et inter caetera quomodo ille minimoi’um animantiuin organa motus, 
et sensus ex perspicillo ad vnguem distinguat ; in particulari autem 
de quodam insecto quod utiaimque habet oculum membrana crassius- 
cula vestitum, qua? tamen septe foraminibus ad instar larva? ferrefe 
militis cataphracti terebrata, viam praebet speciebus visibilium. En 
tibi [so says Wodderborn to Horky] iiouum argumentum, quod per- 
spicillum per concentrationem radiorum multiplicet obiectu ; sed 
audi prius quid tibi dicturus sum : in caeteris animalibus eiusdem 
magnitudinis, vel minoris, quorum etiam aliqua splendidiores habent 
oculos, gemini tantum apparent cum suis superciliis aliisque partibus 
annexis.' 

To this Govi adds : — 

‘ I have wished to quote this passage of Wodderborn textually, 
so that the honour of having been the first to obtain from the Dutch 
telescope a compound microscope should remain with Galileo, which 
the latter called occhialino, and that the glory of having reduced the 
Keplerian telescope to a microscope (in 1621) should rest with 
Drebbel. The apologists of the Tuscan philosopher, by attributing 
to him the invention of the microscope without specifying with what 
microscope they were dealing, defrauded Drebbel of a merit which 
really belongs to him ; but the defenders of Drebbel would act un- 
justly in depriving Galileo of a discovery which incontestably was his.’ 

I turn now to Wodderborn’s account, published in 1610 (the 
date of the dedication to Henry Wotton, English Ambassador at 
Venice, is October 16, 1610), which reads thus : — 
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‘ I will not now attempt to explain all the perfections of this 
wonderful occkiale ; our sense alone is a safe judge of the things 
which concern it. But what more cjin I say of it than that by 
pointing a glass to an object more than a thousand paces off, which 
does not even seem alive, you immediately recognise it to be 
Socrates, son of Sophronicus, who is approaching ? But time and 
the daily discoveries of new things will teach us how admirably the 
glass does its work, for in that alone lies all the beauty of that 
instrument. 

‘ I heard a few days back the «author himself (Galileo) naiTate to 
the Most Excellent Signor Cremonius various things most desirable 
to be known, and amongst others in what manner he perfectly dis- 
tinguishes with his telescope the organs of motion and of the senses 
in the smaller animals ; and especially in a certain insect which has 
each eye covered by a rather thick membrane, which, however, per- 
forated with sev'en holes, like the visor of .a warrior, allows it sight. 
Here hast thou a new proof that the glass concentrating its rays 
enlarges the object ; but mind what I am about to tell thee, viz. in 
the other animals of the same size and even smaller, some of which 
have nevertheless brighter eyes, these appear only double with their 
eyebrows and the other adjacent parts.^ 

After reading this document Govi judges that it is impossible to 
refuse, Galileo the credit of the invention of a compound microscope, 
in 1610, and the application of it to examine some very minute 
animals ; and if he himself neither then nor for many years after 
made any mention of it publicly, this cannot take away from him or 
diminish the merit of the invention. 

It is not to be believed, however, that Galileo after these fii*st 
experiments quite forgot the microscope, for in preparing the 
‘Saggiatore^ between the end of 1619 and the middle of October, 
1622, he spoke thus to Lotario Sarsi Segensjino (anagram of Oratio 
Grassi Salonense) : — 

^ I might tell Sarsi something new if anything new could be told 
him. Let him take any substance whatever, be it stone, or wood, 
or metal, and holding it in the sun examine it attentively and he 
will see all the colours distributed in the most minute particles, and 
if he will make use of a telescope arranged so that one can see very 
near objects, he will see far more distinctly what I say.’ 

It will not therefore be surprising if, in 1624 (according to 
some letters from Home, written by Girolamo Aleandro to the 
famous M. de Peiresc), two microscopes of Kufiler, or rather Drebbel, 
having been sent to the Cardinal of S. Susanna, who at first did not 
know how to use them, they were shown to Galileo, who was then 
in Rome, and he, as soon as he saw them, explained their use, as 
Aleandro writes to Peiresc on May 24, adding, ‘ Galileo told me 
that he had invented an occhiale which magnifies things as much 
as 50,000 times, so that one sees a fly as large as a hen.’ 

This assertion of Galileo, that he had invented a telescope which 
magnified 50,000 times, so that a fly appears as big as a hen, 
must, without doubt, be referred to the year 1610, and from the 
measure given of the amplification by the solidity or volume the 
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linear amplification (as it is usually expressed now) would have 
been equal to something less than the cubic root of 50,000 — that is, 
about 36 — and that is pretty fairly the relative size of a fly and 
a hen. 

Aleandro’s letter of May 24 (1624) does not state at what time 
Galileo saw the telescope and explained the use of it, but another 
letter of Faber’s to Cesi, amongst the autogiaph letters in the 
possession of D. B. Boncompagni, says (May 11): was yesterday 

evening at the house of our Signor Galileo, who lives near the 
Madalena; he gave the Cardinal di Zoller a magnificent eye-glass 
for the Duke of Bavaria. 1 saw a- fi}^ which Signor Galileo him- 
self showed me. I was astounded, and told Signor Galileo that he 
was another creator, in that he shows things that until now we 
did not know had been created.’ So that even on May 10, 1624, 
Galileo had not oidy seen the telescope of Drebbel, and explained 
the use of it, but had made one himself and sent it to the Duke of 
Bavaria,. 

We lack documents to show how this microscope of Galileo was 
made, that is, whether it had two convergent lenses like those of 

Drebbel. A lettei* of Peiresc of March 3, 1624, says that ‘the 
efiect of the glass is to show the object upside down . . . and so 
that the real natural motion of the animalcule, which, for example, 
goes from east to west, seejus to go con ti’ari wise, that is, from west 
to east,’ or whethei* it was not rather comj)()sed of a convex and a 
concave lens, like that made earlier by him, and used in 1610, and 
then almost forgotten foi* fourteen years. 

It is, however, veiy probable that this last was the one in 
question, for Peiresc, answering Aleandro on July 1 , 1 624, wrote : — 
‘ But the occhiale mentioned by Signor Galileo, which makes flies 
like hens, is of his own invention, of which he made also a copy 
for Archduke Albei’t of pious memoiy, which used to be placed on 
the ground, where a fly would be seen the size of a hen, and the 
insti’ument was of no greater height than an oi'dinary dining-room 
table.’ Which description answers far better to a Dutch tele- 
scope used as a microscope, in the same way exactly as Galileo 
had used it, rather than to a microscope with two convex 
lenses. 

One cannot find any further paiticulars concerning Galileo’s 
occhialini (so he had christened them in the year 1624), either in 
Bartholomew Tmperiali’s letter of September 5, 1624, in which he 
thanks Galileo for having given him one in every way perfect, or in 
that of Galileo to Cesi of September 23, 1624, accompanying the 
gift of an occhialino, or in Federico Cesi’s answer of October 26, or 
in a letter of Bartholomeo Balbi to Galileo of October 25, 1624, 
which speaks of the longing with which Balbi is awaiting ‘ the little 
occhiale of the new invention,’ or in that of Galileo to Cesar Marsili 
of December 17 in the same year, in which Galileo says to the 
learned Bolognese ‘ that he would have sent him an occhialino to 
see close the smallest things, but the instrument maker, who is 
making the tube, has not yet finished it.’ This, however, is hOw 
Galileo speaks of it in his letter to Federico Cesi, written from 
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Florence on September 23, 1624, more than three months after his 
departure from Rome : — 

‘ 1 send your Excellency an occhialino^ by which to see close the 
smallest things, which I hope may give you no small pleasure and 
entertainment, as it does me. 1 have been long in sending it, because 
T could not perfect it before, having experienced some difficulty in 
finding the way of cutting tlie glasses perfectly. The object must 
be placed on the movaVde circle which is at the base, and moved to 
see it all, for that which one sees at one look is but a small part. 
And because the distance between the lens and the object must be 
most exact, in looking at objects which have i*elief one must be able 
to move the glass neai*er or further, accoi’ding as one is looking at 
this or that part ; therefore the little tube is made movable on its stand 
or guide, as we may wish to call it. It must ^dso be used in veiy 
bright, clear weather, or even in the sun itself, remembering that the 
object must be sufficiently illuminated. I have contemplated very 
many animals with infinite admiration, amongst which the fiea is 
most horrible, the gnat and the moth the most beautiful ; and it was 
with great satisfaction that I have seen how flies and other little 
animals manage to walk sticking to the glass and even feet upwards. 
But your Excellency will have the opportunity of observing thousfinds 
and thousands of other details of the most cuiaous kind, of which I 
beg you to give me account. In fimt, one may contemplate endlessly 
the greatness of Nature, and how subtilely she works, and with what 
unspeakable diligence. — P.S. The little tube is in two pieces, and 
you may lengthen it or shorten it at pleasuie.’ 

It would be very strange, knowing (lalileo’s character, that in 
1624, and after the attacks made on him for having perhaps a little 
too much allowed the Dutch telescope to be considered his invention, 
he should have been induced to imitate DrebbeFs glass with the two 
convex lenses, and have wished to make them pass as his own invention, 
whilst he had always used, and continued to use to the end of his days, 
telescopes with a convex and a concave lens without showing that 
he had read or in the least appreciated the proposal made by Keplei*, 
ever since 1611, to use two convex glasses in oi’der to have telescopes 
with a hirge field and more powerful and convenient. 

In any case it is impossible to form a decided opinion on such a 
matter, the data failing ; but the very fact that from 1624 onwards 
Galileo thought no more of the occhialbw (probably because he found 
it less powerful and less useful than the occhiale of Drebbel), as he 
had not occupied himself with it or had scarcely remembered it from 
the year 1610 to 1624, seems sufficient to show that the occhialiTW^ 
like the microscope of 1610, was a small Dutch telescope with two 
lenses, one convex and one concave, and not a reduced Keplerian 
telescope like that invented by Drebbel in 1621. 

The name of microscope, like that of teles(!ope, originated with 
the Academy of the Lincei, and it was Giovanni Faber who invented 
it, as shown by a letter of his to Cesi, written April 13, 1625, and 
which is amongst the Lincei letters in the possession of D. B. Bon- 
compagni. Here is the passage in Faber’s letter : — 

‘ I only wish to say this more to your Excellency, that is, that 
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you will glance only at what I have written concerning the new in- 
ventions of Signor Galileo ; if I have not put in everything, or if 
anything ought to be left unsaid, do as best you think. As I also 
mention his new occhiale to look at small things and call it micro- 
scope, let your Excellency see if you would like to add that, as the 
Lyceum gave to the first the name of telescope, so they have wished 
to give a convenient name to this also, and rightly so, because they 
are the first in Rome who had one. As soon as Signor Rikio^s 
epigram is finished, it may be printed the next day ; in the mean- 
while I will get on with the rest. I humbly reverence your Excel- 
lency. — From Rome, April 13, 1625. Your Excellency’s most 
humble servant, Giovanni Faber (Lynceo).’ 

The Abbe Rezzi, in a work of his on the invention of the micro- 
scope, thought that he might conclude from the passage of 
Wodderborn, reproduce<l above, that Galileo did not invent the com- 
pound microscope, but gave a convenient form to the simple micro- 
scope', and in this way as good as invented it, foi* the Latin word used 
by Wodderborn, ^signified at that time, it is clear,’ Rezzi 

says, ‘ no other optical instiaiment than spectacles or the telescope, 
nevei* the microscope, of which there is no mention whatever in any 
hook published at that time, nor in any manuscript known till then.’ 

But Rezzi was not mindful that on October 16, 1610, the date 
of Wodder born’s essay, the name of microscope had not yet been 
invented, nor that of telescope, which, according to Fabei*, was the 
idea of Cesi, according to others of Giov^anni Demisiano, of 
Cephalonia, at the end, perlmps, of 1610, but more probably at the 
time of Galileo’s journey to Rome from March 29 to June 4, 1611. 
If, therefore, the word microscope had not yet been invented, and 
if the telescope, or the occhiale as it was then called, was by all 
named iierspicillum^ one cannot see why Wodderboim’s perspicilluni 
C'annot have been a camiocchiale (telescope) smaller than the usual 
ones, so that it could easily be used to look at near objects, but yet 
a cannocchiale with two lenses, one convex and one concave, like the 
others, and, therefore, a i-eal compoiiiul microscope, although not 
mentioned by that name either by Wodderborn or others. And, 
besides that, how could it be that Wodderborn beginning to tretit 
‘ admirabilis huius perspicilli,’ that is, of the telescope in the first 
line, should then have called j^erspicilhmi a single lens in the eleventh 
line of the same page ? Rezzi’s mistake is easily explained, remem- 
bering that he had not under his eyes Wodderborn’s essay, but only 
knew a brief extract reported by Venturi. 

It thus appears as in the highest degree probable that Galileo, 
in 1610, was the inventor of the compound microscope; it was 
subsequently invented, or introduced, and zealously adopted in 
Holland; and when Dutch invention penetrated into Italy in 1624 
Galileo attempted a reclamation of his invention (which was undoubt- 
edly distinct from that of Drehbel) ; but as these wei*e not warmly 
seconded and responded to abroad he allowed the whole thing to 
pass. Nevertheless the facts Govi gives aie as inteiesting as they 
are important. 

In regard to the discovery of the simple lens Govi points out 
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that after the yeai* 1000, minds having reopened to hope and in- 
tellects to study, there began to dawn some light of science, ^o that 
in 1276 a Franciscan monk, Roger Bacon, of Ilchester, in his ‘Opus 
Majus,’ dedicated and presented by him to Clement iV., could show 
many marvellous things, and junoiigst these the efficacy of o'ystal 
lenses, in oi-der to show things largei*, and in this wise he says make 
of them ‘ an instrument useful to old men and those whose sight is 
weakened, who in such a way will be able to see the letters suf- 
ficiently enlarged, however small they are.’ As long as no documents 
anterior to him are discovered, Roger Bacon may be considered the 
first inventor of convergent lenses, and therefore of the simple micro- 
scope^ however small the enlargement by his lenses may have been. 
As, however, that man of rare geni\is, the initiator of experi- 
mental physics, had bi'ought on himself the 
hatred of his contemporaries, they kept him 
for many years in prison, then shut him up 
in a convent of his order to the end of his 
long life of nearly eighty years. His widtings 
had to be hidden, at least those treating on 
natural science, to save them from destruc- 
tion, and so the invention of lenses, or the 
knowledge of theii* use to enlarge images and 
to alleviate the infii*mities of sight, remained 
unknown oi* forgotten in the pages of the 
famous ‘ Opus Majus,’ which only ctime to 
light in 1733 by the care of Samuel Jebb, a 
leai'ned English doctoi*. 

A Florentine, by name Salvino degli 
Armati, at the end of the thirteenth centuiy 
(? 1280) (in Bacon’s lifetime), had therefore 
the glory of inventing spectacles, and it was 
a monk of Pisa, Alexander Spina, who sinl- 
denly charitably divulged the secret of their 
construction and use. 

Fig. Ol.-Descartes’ simple Perhaps Salvino degli Armati and Spina 
microscope with reflector really discovered more than Roger Bacon had 
( 1687 ). discovered; that is, they found out the use 

of converging lenses for long-sighted people, and of diverging lenses 
for short sight, whilst the English monk had only spoken of the 
lenses for long sight, and perhaps they added to this first inven- 
tion the capability of varying the focal lengths of the lenses accord- 
ing to need, and the other of fixing them on to the visor of a cap to 
keep them firm in front of the eyes, or to fasten them into two 
circles made of metal, or of bone joined by a small elastic bridge 
over the nose. However it may be, the discovery of spectacles, or, 
as it may be called, of the simple microscope^ may be equally divided 
betwen Roger Bacon and Salvino degli Armati, leaving especially to 
the latter the invention of spectacles. 

The earliest known illustration of a simple microscope is given 
by l^escartes in his ‘ Dioptrique’ in 1637 : fig. 91 reproduces it. It 
is practically identical with one devised by Liebeikuhn a century 




GALILEO’S’ AND CAMP A NFS MICEOSCOPES 


;iE(‘r;ni(l 8hown on p. 139. A lens is luounted in ;i (•('ntr.il :i|)<‘rtni(‘ 
in u polished concave metal reflector. Descartes aj>[»arc‘iit ly dc\ IsimI 
another and much more pretentious instrument, but it aj>]H‘;ns im- 
practicable and could iic\'ei‘ 

■ h^^^^ exist(‘(l sa\(‘as a siiL'yns- 

tion. But lu* appears to lia\e 
been the first to |)ul)lisli lii^ures 
and descriptions for grimlin^ 

In the Museo di Fisica ther(^ 


Fio. 98. — Campani’s microscope (lOGO)? 


are two small microscopes which 
it is affirmed have l)e(‘n lianded 
down from generation to geiu' 
lation since the dissolution of 
the Accademia del Cimento in 
1667, with the tradition of 
having been constructed by 
(Jalileo. They are shown in 
fig. 92, but from the superiority of construction of tlu\se instru- 
ments it is very improbable that tlaw Ixdong to tla* d.iys of (hdih'o, 
who died in 1642; and theia^ is a s]»eeially interesting coni[»c>un<l 


Fig. 92.— Galileo’s microscopes. 
? Campani or la ter. 
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iiiuToscope, by Giusop|H‘ (Janipani, which was pu))lish(Ml tivsl in 1686, 
vviiicli is |)r(‘S(‘iit(‘(l in hg. 98 ; its close siniilariiv to ^ (ialileo micro- 
scopes ’ is plainly apparent, making it still more improliable that 
these could be iiix'mi a dat(‘ jiriorto 1642. 

In a joinnal of tb(> travels of M. de Monconys, published in 
Kibo, tlu're is a desci'i[)tioii of his microscope which is of much 
intcr(\st, il(^ slates that the distance from the object to the first 
lens is out' iiK'li and a half ; the focus of the first lens is one inch ; 



till' distaiiei- from the first lens to the second is fifteen 
inelK's : tlu' focus of the second lens, one inch and a half; 
distance from the second to the tlurd, one incli and 
eight lines; the focus of the third hais, one inch and 
eight lines ; and tlie distance from the eye to the third 
lens, eight lines. 

This would form the data of a practical com- 
pound microscope with a field lens; and as Mon- 
conys had this instrument made in 1660 by the 
‘ son-in-law of Viselius,’ it hecovm probable in a 
very high degree that to him mnst he attributed 
the earliest device of a microscope with a field - 
lens. 

Tn 1665 Hooke published his ‘ Micro- 
gra|)liia,’ giving an account and a figure of 
his compound microscope. He adopted 
the field-lens employed by Monconys and 
ijives details as to th(‘ mode and object 
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of its employment, wliieli are at once 
tive ; for they show (piit(‘ ch^arly that it 
to correct tlie spherical ahcri ation of the 
eye -lens, but merely to inci easc tlu^ size of 
the field of view. He tells ns that he used 
it ‘ only when he had occasion to see much 
of an object at once. . . . But whenever 
I had occasion to examine tiie suimII [)arts 
of a. body more accurately I took out th(‘ 
middle glass (field-hais) and only nrak* us(‘ 
of one eye-glass with the object-glass.’ 

Fig. 94 is a reproduction of the original 
drawing, and the general design a]>])('ai*s 
to be claimed by Hooke. Tlan e is a hall- 
and-socket movement to the body, of 
which he writes : ‘ On the end of this arm 
(1), which slides on the pillar C C) was 
a small ball fitted into a, kind of sock('t 
F, made in the side of the brass ringd, 
through which th(‘, snudl end of the tul)e 
was screwed, by means of which contri- 
vance I could place and fix the tube in 
whatsoever posture I desired (which foi* 
many observations was exceedingly neces- 
sary), and adjusted it most exactly to any 
object.’ 

It need hardly be remarked that, useful 
as the ball-and-socket joint is for many 
purposes in microscopy, it is not advan- 
tageously employed in this instrument. 

Hooke devised the powerful illuminat- 
ing arrangement seen in the figure, and 
employed a stages for objects based on a 
practical knowledge of what was required. 
He described a useful method of estimat- 
ing magnifying power, and was an in- 
dustrious, wide, and thoroughly practuNil 
observer. But he worked without a 
mirror, and the screw- focussing arrange- 
ment seen in the drawing must have been 
as troublesome as it was faulty. But as a 
microscopist, Hooke gained a European 
fame, and gave a powerful stimulus to 
microscopy in England. 

In 1668 a description was published 
in the ‘ Giornale dei Letterati ’ of a com- 
pound microscope by EusDichio Divini, 
which Fabri had previously commended. 
It was stated to be about 16^ inches 
high, and adjustable to four different 
lengths by draw-tubes, giving a range of 


interesting ;ind instiuc 
was not employ ( m 1 by him 



microscope (lOOS). 


K 
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nKj^^infirntion from 41 to 143 diameters. Instead of the nsnal V)i- 


(■on\r\ (‘VC lens, two plano-eonvtvx k*ns(‘s applied with tluar 

(‘oiivex surfaces in contact, l)y whicli he chiimed to obtain a much 
llattci' li(‘ld. Mr. Mayall found in the Museo Copernica n( > at Home 
a microscope' answe'rino- so closely to this desci'iption thai, ho does 
not liesitate to re'f'r its oi’i^in to Diviiii. lie made the skc'tcli of 



it given in lig. ilf). 
But the optical con- 
struction had been 
tampered with and 
covdd not be esti- 
mated. 

Chertibin d’Orleans 
])ublished, in 1()71, a, 
treatise' containing a 
design foi* a mici’o- 
scope, of whicli fig. 
9b is an illustration. 
Tlie scrolls were of 
ebony, hrndy at- 
tached to the base 
and to the colhir 
encircling the fixed 
centi'al portion of the 
body-tube. An ex- 
terior sliding tube 
cari’ied the eye-piece 
aliove on the fixed 
tulie, and a similar 
sliding tube carried 
the object-lens below, 
tJiese sliding tubes 
seiw’ing to focus the 
imag(* ami i‘('gu]ate 
(w itli in certain limits) 
tlu' magniiication. 
Ill' also suggested a, 
scr('\\' arrangement 
to 1 )(' a p[)lied beneath 
(he stage for focus- 
sing. He devised, or 
recom mended , seve - 
ral combinations ol‘ 


Fic. ao. — ClKTubin d’Orleans’ compoimd microscope lenst's foi’ the OJ)tical 

part of the micro- 
scope, and rc'fers to combinations of three or four se[)arate lenses, 
by whicli objects could be sei'ii <'rect, which he considerc'd ‘ much to 
)h' preferred,’ 


Il(^ also invented a bincK-ular form of microsco|K' and ])ublished 
it in his work, ‘ La \dsion Larfaite,’ in 1(577. It consisti'd of two 
couijiound microscopes joined together in one setting, so as to Ix' 
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In 1()72 Sii- Isaac Newton communicated to the Royal Society 
a, note and diaijiani for a reflecting microscope ; we have, however, 
no e\ad«‘ncc tliat it was ever constructed. But in 1673 Lecuw(‘n- 
hoek l)t‘_i;an to sinid to the Royal Society his inicroscojncnl diseoveiaes. 
Notliing was known of tlie construction of his instruments, except 
that they were sim[)le mici'osco[)es, ev^en down to so late a period as 
1709. We know, however, that his microscopes were nundianically 
rough, and that optically they consisted of simple bi-eoma x haises, 
with work(‘d sur(ac(‘s inonnt<‘d between two ])lat('s of thin metal 
with minute apei i m (\s thi-oiigh which the obj(‘('ts were directly seen. 
At his death L(aMt w aadiork Ihm jiieuthed a eabinet of twenty-six of Ids 
microscopes totlua Royal Society ; unhappily, tliev liave mysteriously 

disappeared. But Mr. May- 
all was enabled to figure one 
bulged in the museum of the 
Utrecht University, which is 
given in figs. 99 and 100 in 
full siz<‘. The lens is seen in 
th(‘ up})(n* third of the plate, 
it has a ;^-inch focus. The 
object is held in front of the 
hois, on the point of a short 
rod, with screw arraiige- 
ments for adjusting the 
object under the lens. 

Many modifications of 
this and the preceding in- 
struments are found with 
some early English forms, 
but no impoi'tant construc- 
tive or optical modification 
immediately presents itself. 
But some ingenious ari-ange- 
nients are found in the 
simple microscopes devised 
by Musschenbroek in the 
early years of tlie eighteenth 
century. 

(Rdudl ligur(‘d n mici ()sco})e in his ‘ Micrographia Nova ’ in 
1687, in which optical modifications arise. Divini had, as was 
stated, combine<l two plano-convex lenses, with their convex surfaces 
fudrig, to form an eye-piece: this idea was carried further in 1668 
by a London optician, who use<l two paii\s of these lenses ; (Irindl 
did this also, but in addition he used two similar (but smaller) lenses 
in tlu‘ saiiK- manner as an objective. The form of the microscope 
itself was copied from thaf ofChcrubin d’Orleans (fig. 97), but was 
modified by the application of an external screw. 

In 1()91 Bonannus modified preceding arrangements by devising 
a means of clip[)ing the object between two plates pressed away from 
the object-lens by a spiral spring, the focussing being then effected 
by a ‘ screw-barrel.^ 



Flo. as). Fig. 100. 

Leeuwenhoek’s microscope (1073). 






Fig. 101. — Bonannus’s horizontal compound microscope (1691). 
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Tins systcii! of iooussinii’ was rniployed in a more jaaetieal form 
by I lart.soc'kei- in 1()94 ami was adopted by W ilson in 1702. It 
l)eeam(‘ a \ (‘i \ popular form for tla^ mier()seo|M‘ in t lu' ('iolitcMoil b 
century. 

Wd‘ arc' indebtc'd to llonannus also for ori^inatinii' a liorizontal 
form of mieroseojic', wbieb is intei-c‘st ino- and w liieb, in a draw ing of 
tile insi I'limc'nt. is sliown to ])oss(\ss a sub-.staii'C' rotn jion nd cuiulAiUHar 
fitlid K'Uh o rrdnrfe inrnlH for dloonootunj 1r(iii8J)(l'i'Qiit 

ohjpcts. Thc'rc' was ijrc'at com c'uic'iiec' in iisini^' the' mieros(*o]ie in a, 
horizontal position with a lamp and c'omlc'iisc'r in tlu' same* axis, 
(‘spc'ciallv as all the' compound mierosc'opes previously eonsi ructed 
had hec'ii c‘mj)lo\c‘d \c'rtieally, or had lu'cn directed towards the sky 
for jiiirposes of illumination. Jb'mai-kably crude as the mechanism 
ap[ic‘ai's, it is a \ov\ c'arly instanet' of the use of what has l)ecome — 
tbouiih slow K ami latc' on tlu' eontiiu'ut a now inii\ c'rsally aeknow- 



Fkc. 102.--Hartsoekcr’B Himx)le microscope (1094). 


ledoed optical arran,<>:ement indisju'nsable for the lu'st. results, viz. a 
comjiound eondc'iisc'i- fitted with fcKUissinc- mc'chaiiism for illuminating 
transparc'iit objects. The picture of the entire instrument is shown 
in tig. 101. 

In liartsoc'kc'i’s microscope ‘the lens-carrier A I>, fig. 102 (on 
which thc' ec'll P. containing the lens, is screwed), serc'ws into the 
body O C, y l)at O Q ; the thin brass platc's F] and K lit within thc' 
body, the ])ortions cut out allowing thc'in to slide' ontheshoi-t pillars 
O C and I ), and the* spiral spring prc'.vsing thc'in towards (J I); 
the object slick's. or an animalcule' cage' (1 11 (hingc'd at a h to allow 
tlu‘ li<l (1 to fit into II, ('uclosing the objt'cts bc'twc'c'ii strides of tale), 
slick' hc'tw c'c'ii thc‘ [)latc‘s M and ¥ when in position, and the' ‘‘ scrc'w- 
ban-c'l I K (its ini o tJic' ,serc'W-si K-krt ( ’ I ) and I'C'gulatc's the' foc'us- 
sing ; a ('onck'nsing k'lis. X, tits, on a si'coud “ serc'w b.irrc'l,’’ L Al, 
which is ap[)lii'd in the' scrc'W soekc't of 1 K. Tins arrangement of 
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the coii(l(‘ii,s(‘i- i,s tli.-ni tlir pl.-m hv Wils on, ns it nllows 

the illuininntion to he t()(*usse<] on tin* ()i>|t'ct iiHli'iicMident 1\ of llu‘ 
foenl 11(1 just uu‘ut of the ohjeet to tlie inMi»iuf\ ini; liuis , \\ iun i'iis in 
Wilson’s microscope, the eomlensei* h(‘in_i> mounted in I K. without 
fiiedity of adjustment, KmiaiiuMl at a TixcmI distance from tla* ol)j(H*t. 
and hence the control of th(‘ illnmuiation was \(‘i*y limit(‘d ’ 

Another microscope dated 1702 is shown m liii lo;! as drawn 1)\ 
Zahn in his ‘ Ocidus Artificialis.’ Eio. lOa prc'scmts a hack view of 
it and show^s an o\ id w'oodmi plate; on th(‘ otlaa- sid(‘ of this is a 

similar j)lat(‘ which holds tla* hais 
in such a ])osi1ion that it is oppo- 



l)\ iiH'a ns of th(* milhal head I > w Inch is at tached to a screw" ri'i^u la 1 1 ni>’ 
the distaiKM' Ix'tweiMi the two plal(‘s, om* of wliich carrii's tlit^ lens, 
the otlu'c the rotaiw' ohjc'ct lioldiM*. ’flu* ])oint w'ort hy of not(' in 
this instruimait is tlu^ rotating wIkh*! of gradu.d(M| diajihragms 
A, (J, I), E, i>laced on th(‘ sid(‘ awa\ from the lens. 'This is tlu' first 
instaiice of a useful applianc(‘ surviving in our pri'seiit microscopies. 

Tn Karris's • L('\ic in d’(H*hnicum ’ (1704, 2 \ ols, fol ), undm- the 
word microscop(e. Marshall's compouml microscojxe (tig. 104) is 
d<‘scril)ed and jiyiinMl. S(e\er.d import.ant iniioxations in micj’o- 
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Fid. 107 . — Lieberkiihn’s microscope (1739). 


ns in Ho()k(‘'s; 11 k‘1)k]1 Ij could lx* (*];}m|ic(l 

collar Al, in wliicli slots wert* cut to gi\(‘ spi ino. (1) 
lens on joinlc'd .-u nis ap|)(‘;n‘s ; this | rohahly was tin* In 
of such adjust iiicids to tla* con- 
denser. From tile sinyntn poM- 
tion of the candle bemsath tht‘ 
condenser, we may infer, without 
doubt, that the mii-ror was still 
unknown as a microsc*opi(*al ac- 
cessory in England. 

In fact, in no microscope up 
to this time has there bc't'u .an\ 
trace of, or reference to, a mirror ; 
but in 1716 Hertel employed it and introduced some oth(*r cousidm* 
able modificatious. Th(‘ general a])])earance of the iustrnnimit a- 
originally figured b\ Hia-ti*! is gixcm in tig. lOb. X 0 I only ha\(‘ wa 
the mirror below the stagi*, but also above 
the stage a concave metal mirror retl(‘cting 
light through a condenser on the object, 
while the stage Ins focussing movmmMit by 
the right-hand ornaiiamtal ‘buttertly’ nut, 
and is capable of movement to and from the 
tnllar by the middle nut, and also of rot an 
movement by the left-hand nut. These two 
last movements form what is now known as 
a ‘mechanical stage.’ The body-tube is 
hinged and is iiicliiuMl hy a screw-sector 
mechanism. A distinct advance on thesinpile 
micros('o];(‘s wliich had [U'eceded it was mad(‘ 
by one devised by 31. Joblot, and illustiated 
in fig. 106. The ornamental plate holds tin* 
lens, the focus lieing adjusted by th(‘ nut and 
screw; the jdate la'xt to tlu* orn.niK'ntal oiu* 
is a concentric rotary stagi*, of good mechanical 
quality. The tube A Avas calhal by Jobht 
‘the (Janon,’ and was lined with black cloth 
or velv(*t, and has a diaphragm a1 eac-h end. 

These diaphragnis aix* moxable, which Avas 
practicallA a consi(ler<d)h‘ optical Ix'iK'fit. 

In 1738 Di*. N. Liehei kiihu d(‘\ ised, 
wdiat had been em])lov('d in ])rinciph‘ l y 
J)escart(‘s a cenlmw belbiej I la* iiisti ument- 
that has e\(‘r since* b<‘(‘n known by his nan e, 
and which is still of considerabh* \alue to the 
microscopist,. Fig. 107 is a re[)roduction 
from the t*ai li(‘s1 drawiim hnown of Lieber- 
kiihn’s mici osco| (*. A A 1 "' a concaAa' mii’rer 
of sih (‘ 1 * ; from its form the light is r(‘ll(‘cl(‘d 

from it to a focus on (la* obje‘ct C. I’he mirror is pieux'd in tla* 
centre at I>, and tla* lens, or objt*ct-glass, is ins(*i1(*d and adjuste'd, 

* See pi>. 120-7. 



Fig. los — Cul[)ei)ei and 
Soarlet's iiiion^sc()])(> (J73S). 
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the eye h(‘iiig ])l;u*e<I iH'hintl in the direetion I) at any point the 
siiigh* or a eoaiUinal loii might require. 

Cu]pe|H‘r and Seailot's mieroseope I'erpiires i\ note, and is illus- 
trated in tig. 108. It was ina ppropi'iately d(‘signat<'d a * reflecting’ 
microscope. Out tliis arose nici’cly from th<‘ fu ll that it was the first 
English modi'l which (‘mployed an illuminating miiioi-. It was, 
however, a dio|)tric, not a cjitoptric instrument, and is figured in 
Dr. Smith s ' ( )])ticks,’ 1738. 

‘ A Pocket Peflecting Microscope ’ was figured by Benjamin 
Martin in his ‘ Micrographia Nova’ in 1742, having the interesting 
feature of a micrometer eye-piece depending on a screw with a certain 
number of tln t'ads to the inch, and by wliich accurate nu'asurements 
could be taken. It was called a 7'ejlectln<i microsc'ojte b(‘('ause it had 
a minor fitted into its cylindrical bas(^ ; but it was, in reality, a 
compound it Ur acting form, and appears to ha\'<‘ a good claim to have 



been the original from whence tlie 
[iiodt‘rn ‘ drum ’ microscopes were 
Daken. 

Wilson <lc\iscd a simple 
screw-barrel ’ mi(*rosc()|)e in 1702, 
nid I taker describes and iiginavs 
in 1742 the Wilson model 
mounted on a scroll standard and 
with a mirror mounted on the base 
in a line with the optic axis. Fig. 
109 repi*o(hices the drawing of 
Adams. 

But Martin origiiiatinl a, hu*ge 
number of improvements l)oth in 
the optical arrangements and the 
mechaiiism of the microscope, and 
was an excellent maker. He ap- 
] )lied rack-and-pinion focussing ad- 
justments, to the compound micro- 
scope he added inclining move- 
ments to the pillar carrying the 


Fig. lOy. -'WilsoiTs simple microscope, 
on scroll standard (as made by 
Adams, 174(>). 


stage and miiTor, and lic^ furnished 


tlie stage with rectangular movements. 


It was to this maker that the late Professor Quekett was 
indebted tbe an (‘arly microscope, of which he evidently to the last 
thougld highly, and w hich w as subsequently purchased by the Royal 
Microscopical Socic'ty. A drawing of this instrument is given in fig. 
110, and should !)(> (h'serihed in Quekett’s own Avords. lie says; 

• It stands about two fe«‘t in laught, and is supported on a tripod 
l)as<', A : ilu' (‘(Mit ral part or st(Mn, If is of triangular tigiir(\ ha\ ing 
a raelx at the ha('k, upon whi(‘h the stage, O, and fram(‘, I), support- 
ing tlu' iniiio]'. Ih arc capaldc of being moved up or down. The 
compound lR)dy, F, is thi ee inches in dianietm* ; it is composed of 
two tubes, the inner of which contains tlu* (wm* pi('C(‘, and can be 
rnis('(l or de])ressed by rack .and pinion, so as to incr('as(‘ or diminish 
the magnifying pow er. .\t the l)a sc of the triangular liar is a cra<ll(‘ 
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joint, G, })y which tlie instrinueiit. can be inclined l>v tiiniini' llu' 
screw-head, H [connected with an endless sci’ew actiiii;- upon a woian 
wheel]. The arm, 1, su])[)orting tlu* coiinxaind IxxIn, is siippluxl 
with a rack and pinion, K, l)y whicli it canlx' iuonjmI 1 »ack\v,ii ds and 
forwards, and a joint, is placed Ixdow it, upon whuh tlu' ImhIn' can b(‘ 
turiuMi into a bori/ontal jiosition ; anotluM liai' carrsinii a slant' and 
mirror can Ix' attaduMl b\ the scrinv. h N, so as to conxi'it it mt ) a 
horizontal microscope. 


The stage, (.), is provided 
with all the usual ap})a- 
ratus for clamping ob- 
jects, and a condt'nsca- 
can be ajiplietl to its 
under surface ; the stage 
itself may be removed, 
the ai*m, P, supporting 
it, turned i*ound on the 
pivot C, and another 
stage of exipiisite work- 
manship placed in its 
stead, the under surface 
of which is showui at Q. 

‘ This stage is strictly 
a micrometer one, hav- 
ing r(‘ctangular move- 
ments and a fine ad- 
justment, the move- 
ments being accom- 
plisbecl by line-threadiMl 
screvss, tlu* milled heads 
of which are giuduated, 
^ The mirror, E, is a 
double one, and can be 
i*a,ised or depressed by 
rack and pinion ; it is 
also capable of removal, 
and an apparatus for 
holding larg(* o])a(pie 
ol)j(‘ct s, such as miiu'rals, 
can ]){' substituted for it. 
The ac(;essoiy instru- 
ments are very numer- 
ous, and amongst the 
more remarkable may 



Fig. 110. — Martin’s large universal niioroscoiie as used 
by Quekett (1780). 


be mentioned a tube, M, 


containing a speculum, winch can take the place of tin ' tubi'. Iv.aiid so 
foiau a reflecting microsct)})e. The apparatus to 1 holding .mimalcub's 
or other live objects, which is represented at. »S. as well as a plate of 
glass six inches in diameter, with four concave wt*lls ground in it, 
can be applied to the stage*, so that each well may be brought in 
succession under the magnifying power. The lenses belonging to 
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this microscope are twenty-foiir in number ; they vary in focal 
length from four inches to one-tenth of an inch ; ten of them are 
supplied with Lieberkiihns. A small arm, capable of carrying single 
lenses, can be applied at T, and when turned over the stage the in- 
strument becomes a single microscope ; there are four lenses suitable 
for this purpose, their focal length vai-ying from i^^^th to ^’^th of an 
inch. The performance of all the lenses is excellent, and no pains 
appear to have been spared in their consti'uction. There are 
numerous other pieces of Jiccessory apparatus, all remai’kable for the 
beauty of their workmanship.’ ^ 

Benj. Martin not only in this way greatly advanced the 
mechanical arrangements of the microscope, but he improved the 
optical part. He used a Huygheniaii eye-piece on the telescope 
formula, whore the focus of the eye-lens was that of the field-lens 
3, and the distance between them 2 ; but instead of employing a 
single eye-lens he broke it up into two of equal foci, that nearest the 
eye being a ‘ crossed ’ lens, and the other a plano-convex, the steepei' 
convexities of these lenses being towards each other. In addition to this 
he placed at a short distance above the nose piece an ecpii-convex lens 
of 5^ inches focus ; this acted as a back lens to all the objectives, 
so that when an objective was changed it was really only the fi*ont 
lens of a compound objective that was altered. 

Cuff designed and made a microscope, in 1744, wliich Baker 
figured and described in his ‘ Emjdoyment for the Microscojjo ’ in 
1753, which possessed several conveniences and impi*ovements. Not 
the least of these is that which gives greater delicacy to the fine ad- 
justment than is found in any preceding model. It was subse- 
(piently furthei* improved by the addition of a cradle, joint at the 
bottom of the pillar by Adams. Cuff also designed a simple form of 
micrometer. 

There were three designs of microscopes by ( leorge Adams, of 
London, in 1746 and 1771, which have many points of interest, but 
scarcely contribute enough of distinctive impi-ovement to the modern 
forms of the microscope to detain ns long. That designed in 1771 is 
figured in the Adams ‘ Micrographia Illustrata,’ and is I'eproduced 
in fig. 111. 

In this instrument Adams claims to have embodied a number of 
improvements on all previous constructions. He applied ‘ two eye- 
glasses at A, a third near B, and a fourth in the conical part between 
B and O,’ by which he increased ‘ the field of view and of light ; ’ 
draw-tubes were at A and B, by which these lenses could be separated 
more or less, but the probability is very gi-eat that these were 
simply copied from the improvements of a like kind devised by B. 
Martin and described above. He also arranged the object-lenses, or 
‘ buttons,’ a and 6, to be combined ; seven ‘ buttons ’ were provided, 
‘ also six silver specula [‘ Lieberkiihns’] highly polished, each having 
a magnifier adapted to the focus of its concavity, one of which is 
represented at e,’ and the ‘ buttons ’ could also be used with ‘ any 
one of these specula ’ by means of the adapter, d. 

1 A Practical Treatise on the Use of the Microscope^ Srd.ed. London, 1855, 8vo, 
pp. 25, 26. 
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The body-tube, ABC, with its arm, F (in which it screwed at /), 
and stem attachment with the fine adjustment were clearly modified 
from a design which Cufi’ originated. The laige ivory head, I, 
actuated a pinion and rack for raising or depicssing the body-attach- 
ment on the stem, but as there was only one slide the rackwork 
could not be used unless the fine adjustment was first put out of action 
by unclamping it. The stage and mirror were adjustable on the stem. 
The large ratchet-wheel controlled by the pinion-handle, S, gave the 
required inclination to the stem. 

Nos. 1 and 2 were ivory and glass ‘ sliders ’ for objects, to be 
applied in the spring-stage No. 3 fitting at T ; the ‘ hollow at K [No. 
3] is to receive the glass tube No. 10.’ No. 4 was a diaphragm called 
a cone, from its conical shape ; this was invented by Baker in 1743, 
and was used in all microscopes ii]) to about 1820, when the wheel of 
diaphragms was re-invented by Mons. Le Baillif of Paris fitting in 
the lower end of No. 3, ‘ to exclude some part of the light which 
is reflected from the mirror Q.’ Tlie forcej)s. No. 5, could be placed 
‘ in one of the small holes near the extremities of the stage, or in the 
socket, R, at the end of the chain of balls No. 6.’ No. 6 was an arm 
composed of a series of ball-and-socket joints, similar to the system 
employed by Musschenhroek, by Joblot, and by Lyonet, and was in- 
tended to he applied at W, when the stage was removed. No. 7 was 
a box of ivory in which discs of talc and brass rings were packed ; 
No. 8, a hand-magnifier ; No. 9, a sliding arm lens-carrier fitting on 
Z, when the instrument was recpiired to be used as a simple mici*o- 
scope ; No 11, a rod of wire with spiral at the end foi* picking u[) 
soft objects from bottles &c.; and No. 12, an ivory disc, black on 
one side and white on the other, fitting at T, to carry opa()ue 
objects. 

To use the instrument as a simple microscope the body -tube*, 
ABC, was removed from the ring, F ; the lens-carrier. No. 9, was 
placed on Z, and a lens with reflector, E, screwed in the ring, c ; 
the ball-and-socket arm. No. 6, was applied at W, by the ]:)art X, 
and the object held by either of the forceps could be turned and 
viewed as desired. For dissections &c. the stage could be sci*ewed' 
on at F, and a glass plate applied at T. 

One of the best examples of this design has a nose-piece with a 
slide carrying three objectives — one of the first ari'angemeiits of 
‘triple nose-piece,’ or, indeed, of changing nose-piece for objectives 
(as distinguished from simple lens-carriers) that have been met with. 

A microscope devised by Dellebarre was made the subject of a 
special report to the ‘Academic des Sciences’ in June 1777, but 
there is nothing in it deserving special consideration in comparison 
with contemporary or even anterior forms as bearing upon the evo- 
lution of the microscope as we now know it. In fact, up to the time 
when achromatism exerted so powerful an influence upon the form 
and construction of the instrument, there is no microscope that calls 
for further consideration save one — ^by an English maker named 
Jones — it was called Jones’s ‘ Most Approved Compound Microscope 
and Apparatus,’ and although, in principle, it does not differ from 
Adams’s instrument, fig. Ill, it yet presented differences of detail. 



JONES’S MICKOSCOPE I45 

rts (late was 1798, and is seen in fio. 112, vvliich is iaPcn from the 
original figure in Adams’s ‘ Essays on tlie Microscoiu*.' 

ddu' havse is a folding tripod, and the stem inclines upon a 
compass-joint on the top of the pillar. Mr. Mayall justh iHanarks 
that this was the best system (ievised up to tins date. The arm 
carrying the body- 
tube can be rotated 
on the top of the limh 
E, and is also pro- 
vided with a rack and 
pinion D. An extra 
carrier, W, is pro- 
vided for special pur- 
poses pivoting at S, 
so that objects will 
remain in the optic 
axis though the stage 
be moved in arc. 

There are also (dips 
})rovi(le(l for th(‘- 
stage. There is a 
condenser at U, 
which slides on the 
stem by the socket ic. 

The mirror also slides 
on the stem. Thei-(‘ 
is provided a rotating 
multiple disc, P, of 
object-lenses, and a 
brass cell contains a 
high powei*, of or 
inch focus, which 
on the removal of the 
lens-disc can be 
screwed into th(‘ 
nose-piece. 

There were also 
designed some inte- 
resting forms of r(‘- 
flecting microsc()})es, 
to the details of which 
we can afford no 
space, their infliuaicc' 
having been of no 
value in the develop- 
ment of the microscope as we know it. There was a iMdlocImg 
microscope suggest(‘(l by Sir Isaac Newton in 167‘i, ,m<l om* was 
devised on the principle of the (Ircgori.m hdi'scopt* 1»\ Itokor 111 
1736 ; another of the Cassegrainian f< )i-m w a ^ n la d( ‘ 1 1 1 1 7 5 <S I )^ Smith, 
which was, perhaps, the most perfect of tlu‘ Catoptric forms. 

An outline of its construction and the path of the light I learns is 



JONES’S MOST iMPnoVEB VOMPOTr^rti 
MICRO Si VPK AND APPARATUS 


Pm. 112 ( 1798 ). 
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given in fig. 113. It was for examining transparent objects and was 
similar to the Cassegrainian telescope, but with an extra long eye- 
piece tube to permit the focussing by movement of the eye-lens. 
The object was placed at M N ; the image was taken up by the 
concave, reflected on the convex, and again reflected to the eye-lens. 
He advised the use of a condensing lens for the illumination, to pre- 
vent ‘ the mixture of foreign rays with those of the object,’ otherwise 
the instrument gave confused images of distant objects when it was 
used as a microscope. 

Even without a condenser there are good images attainable with 
this instrument, but with the conden.ser they would be, of course, 
improved. 

We have not followed in any detail the forms of simple micro- 
scopes as .they presented themselves, but in 1755 a form was made 
by Cuff that can only be regarded as the precursor of the most com- 


m 



Fig. 113. — Smith’s rertectiii'^ microspope (1738). 


plete and perfect of our simple dis.secting micros(!opes : it is shown 
in fig. 114. A disc of plane glass, C, or a concave, M, was applied, 
on the stage of which dissections Ac. could be made ; a. mirror, 1, 
was fitted in a gimbal with a stem .sliding in a socket in the pillar ; 
the lens-carrier, F, alone, or with Lieberkiihn, F, screwed in a ring 
on the end of a horizontal arm, E, sliding through a socket, attached 
to a vertical rod, D, sliding and rotating in a socket at the back of 
the pillar for focussing Ac. This motion of the lens over the object 
became very popular and was employed in nearly all microscopes up 
to the time of the establishment of achromatism ; the Last microscope 
so fitted was that designed by Mi*. W. Valentine and made by 
Andrew Ross 1831. The movement in arc lasted much longer, and 
the last remnant of it is still to be found in Powell’s No. 1. 
The pillar screwed on the lid of the box, within which the instru- 
ment was packed with sundry accessoi*ies. 

It was to the discovery of achromatism as applied to microscopic 
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object-glasses tliat we must attribute tlu' strict! scii'iitiHc \'alue and 
progress in (lc\ (dojaneiit of this now (‘\ti (MH<‘l v \ aliial)lc and iH'anti 
fill instrument. An exhaustive attcount of the e.irli(‘st discovery 
and progressive application to our own day of achromatism, so far 
as it can be given in this treatise, will be found in the chapter on 
objectives. We can here only attempt, for the sake of completeness, 
a very broad outline of the facts: 

Martin appears to have constructed an acliromatic objectivi^ in 
1759, but no results of practical value were obtaimal, ]\tartin Iriving 
formed the judgment that his a.chi*omatic microscojx^ was not equal 
to a reflecting microscope with wliich he compared it. Hut it cer- 
tainly gives him a place of interest in the history of the achromatism 
of object-glasses for the microscope. 



Fig. 114. — Ellis’s aquatic microscope (17.'55) 


In 1762 Euler began to discuss the theory of achromatic 
microscopes, and in 1771, in his ‘ Dioptrica,’ he entered upon the 
subject at more consideiable length. A pupil of his, named Nicholas 
Fuss, published in St. Petersburg, in 1774, a volume entitled ‘ Detailed 
instruction for carrying leiisc's of different kinds to a greater degree 
of perfection, with a desciaption of a microscope which may pass for 
the most perfect of its kind, taken from the dioptric theory of 
Leonard Eiilei-, and made comprehensible to workmen by Nicholas 
Fuss.’ Tliis was translat<Ml into German by Kliigel in 1778, but no 
result of these' discussions of the theory of aedirojuatisu) can b(' 
discovered earlie'i* tlian 1 791, when Fi*ancois I t'e'ldsnyd^'r made an 
achromat ic ohjea'tive wliich was presented by Harting to the museum 
of tlu' University of Utrecht ; but it was far from sat isfactory. It 

L 2 



148 THE HISTORY AND DEVELOPMENT OF THE MICROSCOPE 


Avas composed of two biconvex crown-glass lenses, and a biconcave 
flint lens placed between them. 

O. Chevalier tells us ^ that between 1800 and 1810 M. Charles, of 
the ‘ Tnstitiit,’ Pai-is, made small achromatic lenses ; but they wei’e 
too imperfect to be of real service. In 1811 Fraunhofer made 
achromatic doublets with no great success ; and in 1823-4 an achro- 
matic microscope was made by the Messi's. Chevalier, with four 
doublet lenses arranged according to a plan devised by Selligue. 
Their ‘ Microscope d’Euler ’ followed, and in 1827 Amici constmcted a 
horizontal microscope on jichromatic principles, which was spoken 

well of. But while 
up to a very recent 
date it was common 
to assert that the first 
to suggest the plan 
of combining two, 
tliree, or four plano- 
convex achromatic 
doublets of similar 
foci, one above the 
other, to increase the 
power and aperture, 
was Selligue in 1823, 
it is now known that 
this had been antici- 
pat(‘d by Marzoli (ch. 
v. 353). Selligue’s 
plan was carried into 
execution by the 
Messrs. Chevalier. 
The instrument em- 
bodying this plan is 
shown in fig. 115. 

In a report to the 
Academie Royale des 
Sciences, the well- 
known mathema- 
tician Fresnel says, 
ct)ncerning this mi- 
croscope, that in comparing the objectives with those of one of Adams’s 
best non-achromatic instruments — that up to a magnification of 
two hundred times Selligue s was decidedly superior j but beyond 
that magnification thei*e was no superiority in the achromatic form, 
and he preferred Adams’s form for prolonged observations because 
it gave a larger field than Selligue’s. 

The mechanism of this microscope was similar to the English 
model of Jones, shown at fig. 112. The focussing was by rack and 
pinion acting on the stage, the pinion travelling with the stage on 
the rack. Two draw-tubes, A and B, were applied within the 
body-tube, C, the upper one having a biconcave lens, S, at the 
1 De't MirrosrojjeSy Paris, 1839 , p. 86. 
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lower end, serving as an amplifier, which was proliably the first 
application of a ‘ Barlow hais’ to a microscope. 

Ilhimination for opaque objects wns iicooioplished by a lenticular 
prism, P, whkdi was gimballed, and couiu'clt'd w it h a ring embracing 
the body tube. 

We leai n from Fresnel that the range of magnification was fi*oni 
40 to 1,200 diameters. 

The object-glasses were 
composed either of two 
doublet systems for low- 
power work or of four 
doublet systems all 
screwed together for 
high-power work, and 
two oculars were pi*o~ 
vided of difierent power. 

It is interesting to 
place one of the earliest 
known English models 
of the achromatic micro- 
scope beside that of Sel- 
ligue. It was made by 
Tully the optician, of 
London, who at Dr. Gor- 
ing’s instance had been 
woi’king at the achroina- 
tising of the microscope. 

Selligue’s is a manifest 
modification of one of 
the best forms as made 
by Adams, Jones, or 
Dollond. Tully made the 
micT'oscope figured in 
116 from the working 
drawings supplied by 
Mr. J.J. Lister, who saw 
that great accuracy of 
workmanship and com- 
plete steadiness in the 
stand were needful for 
achromatic microscopes, 
and to this end they 
adopted struts, such as 
were used in telescopes, 
connecting the body-tube with the base. The instrument is shown in 
fig. 116. He also pi <)\ ided mechanical movements to the stage, but 
no fine adjustmeni was applied. There was a sub-stage provided with 
a, rotating disc of graduated diaphi-agms. 'riiis microscop(‘ was made 
in the year 1826 by Tully, but it was made lioni working di-aw ings 
supplied by Mr. J . J. Lister, who therefore is res])onsil)le for t lu‘ (‘utire 
design. The sub-stage held a combination of lenses foi* a condensei*. 

As compaied with single lenses of equal power, fi*om which so 


Fig. IIG.- 


-Lister’s achromatic microscope made by 
Tully (1826). 
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much light was inevitably stopped out by the small diaphiagm that 
it was needful to use in order to secure a fail* image, the objectives 
used with this instrument gave a, vast inci-ease of light by pei-mit- 
ting the employment of the full aperture. 

An extremely interesting instrument by 0. Chevalier, made very 
probably not long after 1824, and bearing much i*esemblance to tliat 
of Selligue, is shown in fig. 117. It is provided with a revolving 
disc of diaphragms applied below the dark chamber under the stage, 

and this is a plan which obtained 
a permanent place in the micro- 
scopes of the futui e. 

The repoi't of Fresnel con- 
cerning Selligue\s achromatic 
microscope determined Professor 
Amici, who foi“ nine years had 
abandoned his experiments on 
achromatic object-glasses, to re- 
commence them in 1826, and in 
1827 he exhibited in Paris and 
in London a horizontal micro- 
scope. The real novelty shown 
in it was the application of a 
right-angled prism immediately 
above the objective to deflect 
tlie rays through the horizontal 
body-tube. The object-glasses 
were composed of three lenses 
superposed, each having a focus 
of three lines and a greatly in - 
creased aperture. It had also 
extra eye-pieces by means of 
which the amplification could be 
increased. 

Meantime the subject of 
achromatism was engaging the 
attention of the most distin- 
guished English mathematicians. 

Fio, 117.— C. Chevalier’s chromatic Sir John Herschel, Sir George 

microscope (circa 1824). (then Professor) Airy, Professor 

Barlow, Mr. Coddington, and 
several others, worked more or less at the general subject. Cod- 
dington alone, however, confined his attention to the microscope, 
and his work was limited to the eye-piece. Also, for some years, 
Joseph J. Lister had been earnestly working experimentally and 
mathematically on the same subject, and lie discovered certain ] i-o- 
pierties in an aclnom.it i<* eomliination, wliicli were of im[)()rtan('e, 
although they had not been before observed.^ In 1829 a papei* 
from Lister was received and piiiblished by the Boyal Society,^ 
and putting the jirinciples it laid down into practice, Lister was 
enabled to obtain a combination of lenses capable of transmitting a 
^ Vide Objectives, ch. v. p. 855. ^ Trans. Boy. Roc. for 1829. 
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pencil of 50® with a largr corrected field. This |)a|)(‘r and its 
results exerted a very powerful influence on the immediate improve- 
ment of Enghsli ;iehro- 
matic oh j (H*t g 1 a sses. a iid 
formed a [iermaneiit 
basis of ad\'aneemeiit for 
the microscoj)e, not only 
in its optical, hut also 
indirectly in its me- 
chanical construction 
and refinements. 

Foi- convenience, at 
this point we may ad- 
vance a little in order 
to complete our brief 
outline of the mechani- 
cal {jpj dication of achro- 
matism to object-glasses. 
Mr. A. Ross became 
pi*actically acquainted 
with the principles of 
achromatism as applied 
to combinations of lenses 
in woihing with Pro- 
fessor I’aihnv on this 
subject, and having ap- 
plied Lister’s principles 
witli gi-eat success, he 
discovered, as we have 
already pointed out in 
Ch. I.,^ that by covering 
the object under exami- 
nation by a thin film of 
glass or talc the cori*ec- 
tions were disturbed if 
they had been adapted 
to an uncovered object ; 
and we hiive seen that 
it was in 1837 that Ross 
devised a simple means 
of correcting this. He 
was all indefatigable 
worker in the interests 
of the advancement of 
the mechanical as well 
Fi(i. 119. — Pritchard’s microscope with ‘ Continental ’ as the optical side of the 
fine adjustment (1835). microscope. Fig. 1 1 8 

presents a form of 
microscope, from an (‘\tant ex.amph* whicli w.ts designed by W. 
Valentine of Nottingham in March 18:>1 and made by Andrew Ross. 


' P.20. 
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Tlie stage is actuated in diagonal <lii*(‘C‘tions on oitlua* sidi* of' tlu* 
stein. A Pritchard nncroscope probably made ])v ILtss i> sliown in 
tig. 119. It is not at all like %. 118. The stag(‘ iiio\i‘HU‘nt is 
by rack and pinion and not by screw as in hg. 118, but it will 
be seen that it has also a curious spiral tlia^ adjustment, which is 
plainly an uncoAer(‘d '(Continental’ form, either ailopted in England 
from (I , Oberhauscu’, or it may 
have even preceded it. It is 
interesting to note, however, 
that the sub-stage arrange- 
ments in both these instances 
are the same as those employed 
by Wollaston in connection 
with his celebrated doublets, 
an account of which was given 
in the Philosopliical Transac- 
tions of that datc.^ 

The Ross foi in cannot be 
inclined, nor c%‘in the Prit- 
chard; and 'the fine adjust- 
ment in the former is effected 
by means of a long screw 
passing up the pillar and act- 
ing on a triangidar slieath, 
within which the stem is 
applied, to move with rack and 
pinion, the top of the stem 
being hollow to receive eitlier 
the cross-arm support for the 
single lens or tlu^ linib of the 
compound body. Tlie sci*ew 
is actuated liy a large, gradu- 
ated, milled head below the 
tripod.’ 

The stage has supports 
evidently to enable dissection 
to be effected without flexui'e 
by the weight or ]>ri‘ssure of 
the hands, which makes it 
clear that it is tlu> Valent im‘ 
microscope that is refeia-ed to, 
as may be seen by reference Fig. 120 .— A Ross microscope (1839). 
to fig. 118. Rectangular iih'- 

chanical movenuMits ai (‘ employed acting diagonally on either side of 
the stem by ratlaa* fiiu' screws, so that the motions ari' slow. 

But A. Ross at an early jaeriod worked out a ‘Lister’ form of 
microscope, with the limb supporting the body-tube. He applied a 
fine adjustment in this to act upon the nose-piece only, which, as 
we shall subse([ueii1ly see, is a very inferior imdhod. This instru- 
ment dates from bSMh, and is shown in fig. 120. In 1842 he 

^ Trans. Hoy. Soc. 1829. 
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changed the form to that shown in fig. 123, p. 158. Rass tried 
various modifications of this fine adjustment and model, but from 
about 1843 he worked oidy at the lever method as applied to the 
nose-piece through the ‘ ci’oss arm ’ and brought it to a relatively 
high state of perfection. But the full possibilities of this method, 
as concerned its sensitiveness, were never utilised by Ross, and it 
was Hugh Powell who first published an account of his long lever 
fine adjustment in the ‘London Physiological Journal,’ November 
1843. The published jiccount of Ross’s long lever fine adjustment 
did not appear until a month later, viz. December 1843. 

In 1835 Powell made a microscope with an extremely delicate 
fine adjustment applied to the stage. The mechanism and the 
workmanship were excellent (we give a drawing of a later form of 
the instrument at fig. 121), and this fine adjustment is one of the 
slowest and steadiest as yet made. In one we have measured the 
movement only amounts to of an inch for one revolution of the 
milled head ; this is six times slower than the fine adjustment applied 
to the best Continental microscopes. The disadvantage of this fine 
adjustment is that it slightly disturbs the focus of the sub-stage con- 
denser ; therefore, if the fine adjustment is much moved, the sub- 
stage condenser will require refocussing. The movement usually 
l equii’ed is so slight that the I’efocussing of the condenser is seldom 
required. 

James Smith also made an instrument on an entirely new 
plan. It is illusti*ated in fig. 122, being the first model made 
by this firm in this foim, and it has many features of interest 
from the point of view of our present requirements. But after 
we have once secured steadiness, the crucial points in a microscope 
ai'e the quality of the fine adjustment, and the delicacy, fii-mness, 
and ease with which we can centre, focus, and otheiwise modify 
the sub-stage illumination. To the former certainly this model 
does not contribute. 

We are now prepared to examine and endeavour to judge im- 
partially from a practical })oint of view the merits of the principal 
English, Continental, and American models which are offered to 
the microscopical public. It is impossible, no less than it is unde- 
sirable, to attempt to describe all the microscopes of every maker, 
01 * even tlie principal forms ma<le by the increasing multitude of 
opticians. We have sought no opticians’ aid ; we have cai'efully 
examined all the forms that lay any just claim to presenting an 
instrument which meets the full requirements of modern microscopy ; 
and, although we have reason to know that the judgments we express 
are shared by the leading experts of this country, we take the sole 
responsibility for these judgments. Having sought for twenty yeai‘S 
the best that could be produced in microscopes and objectives our 
judgment is given with deliberation and wholly in the interests of 
science. 

In examining the principal modern microscopes we shall point 
out wdiatever is of absolute importance or relative value ; and the 
absence or presence of this in any form provisionally selected is all 
that the reader will need to enable him to become, convinced of our 




156 THE HISTOKY AND DEVELOP 31 ENT OF THE MICKOSCOIM^: 

estimate' tlu' \ alu(' of* such au iusti innt'ut. whctlK'r tlie' f(a‘m lie 
illllsti‘atc‘(] ill llu'sc pages or touiul iu tlu* catalogue's of tlie* 
make'rs. 
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With this object before us we shall facilitate its attainment by 
at once considering what are the essentials of a good microscope. 
Wliat are the attributes of the instrument without the possession of 
which it cannot meet modern requirements ? 

T. Steadiness is absolutely indispensjible : this would, in fiict, 
appear to be obvious. But we are bound to admit that it is, in what 
sometimes claim to be stands of the first class, disregarded ; and when 
the height of the centre of gravity in the English and American 
stands of the first class is considered, this is a fatal mistake. 

It is pointed out in the section on micrometry ^ and drawing 
that tlie optic axis of the microscope should be ten inches from the 
table ; therefore a first-class microscope whose optic axis when 
})laced hoiizontally is either more or less than this is found wanting 
in a material point. But to possess this characteristic it must have 
a high centre of gravity. 

Now it is possible to secure steadiness by (1) weight or (2) 
design. Tlie Continental method has invariably been weight. The 
})illar of the instrument is fixed to a. cumbrous metal foot of horse- 
shoe form, which bears so higli a ratio to the whole remainder of 
the instrument that it is usually steady. This secures the end 
certainly, but by coarse and unwieldy means. It promises little 
for the instrument as a, wliole. 

What is wanted is the maximum of steadiness with the minimum 
of weiglit. An old plan designed by Cufi\ circa 1 705, of rotating the 
foot below the pillar has been frequently reinvented. It was used 
by Adams 1771, by Ross 1842, by Sidle and Poalk in America 1880, 
by A. McLai'en 1884, and recently again by Ross. This is a very 
simple method of obtaining great stability for the instrument when 
in either the vertical or horizontal positions. An instance of this form, 
made by Andrew Ross in 1 842, is given in fig. 123 : the foot is seen to 
be ciixadar, with a vertical [)illar attached eccentrically to it, and the 
base rotates, securing stability in either a vertical or inclined position. 

Palpably, the mechanical compensation for the difficulty of an 
elevated centre of gravity is an extended base. The leading fiiult 
of many stands claiming the fii*st rank is their narrowed bases. A 
broad base, resting on thi'ee [)oints only, and these plugged with 
cork, is the ideal for a pei-fect instrument. 

II. Next in ordei* to tlie staml of the microscope comes what is 
known as the body of the instrument — the tube or tubes for receiv- 
ing the objective at one end and the eye-pieces at the other. The 
tube of the monocular is always provided with an inner tube called 
the draic-tuhe. In a first-cbuss instrument this latter should always 
be pi*o\'ided with a rack-and-pinion motion, and should have a scale 
of from two to three inches, divided into tenths or millimetres. This 
eiiables the operator the more accurately to adjust apochromatic ob- 
jectives so sensitive, foi* their best action, to accurate adjustment of 
tube-length. In fact, it is always impoitant to remember that ob- 
jectives are corrected for a special tube-length ; that is to say, for 
the formation of the image at a certain definite distance. 


1 Chapter IV. 
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There are^ however, two kinds of tithe -leu ifth : (1) an jind 

(2) a 'mechanical. 

The optical tuhe-lenyth is measnrod from tiu' posterior principal 
point of the objective to the anterior principal point of the eye-piece. 

The mechanical tuhe-length should Ih‘ measnred fi-om the top of 
tlH‘ tub(‘ into which the eye-piece and upon whicli the bearings 



Fio. 123. — Old Ross stand (1842), rotating foot below the j)illar. From the cabinet 
ol the Royal Microscopical Society. 

of the eye-piece I’est to the end of the nose-piece into which the 
oV)je(‘ti\ (‘ is s(‘rr\\(‘(b 

1 bi fortunately difK*rent makers (‘stiinate tube-length diff(‘rently 
;tnd take different points from w liieh t«> make their nieasui ements. 
Looking at the matter broadly, there arc* two estimate's for tid)e- 
length in {a-actical use : these are the English and the Continental. 
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What was formerly known as the English standard tube had an 
optical length for high and moderate power objectives of ten inches ; 
with low powers, however, it was less. The mechanical tube-length 
was 8| inches. 

Professor Abbe, in constructing his apochromatic objectives for 
the English body, has taken thje mechanical tube-length at 9*8 
inches = 250 mm. ; and the optical tube-length at 10*6 inches 
= 270 mm. This has caused an increase in the length of the English 
standard tube, since all good microscopes are made to work with 
these objectives ; and the addition of a rack and pinio7i to the ‘ dn*aw- 
tube ’ becomes of great practical value. 

The tube-length of the Contine^ital mechanical tube is 6’3 inches 
= 160 mm., and the optical tube-length is 7*08 inches = 180 mm., and 
some Continental objectives can only be accurately adjusted on an 
absurdly short tube of 4| or 5 inches. 

The question has been asked, ‘ Which is the better of these two 
differing tube-lengths ? ’ So far as the image in the instrument is 
concerned, there is not much difference. It is of little importance 
whether the initial magnifying power of an objective be increased 
by a slightly lower eye-piece used at a longer distance or a slightly 
deeper (higher) eye-piece at a shorter distance. But it is of practical 
importance to note that a small diffei'ence of tube-length pi^oduces a 
greater effect on adjustment vnth a sho^d body than with a long one. 
Critical work is carried on in this country to 2^ mm. adjustment 
on the long tube ; with a short tube the delicacy would be greater. 
A difference of 5 mm. on a short tube is equivalent to the difference 
between a good and a bad objective. When small cones of illumina- 
tion are used lenses are far less sensitive, but, on the other hand, 
they are not doing their work. Biologists in a vast majority of cases 
use a high power insufficiently worked ; thus a J-inch objective with 
a small cone is used in place of a 1-inch objective, and an oil im- 
mersion i^^-inch objective with small cone is used to do what a J-inch 
would have done. The oil ^\j-inch objective is never fully utilised, 
and the objects that it will show if properly used are never seen. 
The principal difference, however, between the long and the short 
body as affording a datum for their respective values is that when 
a short body is used by a, person having nm'mal accommodation of 
sight, the stage of the microscope cannot be seen unless the head is 
removed from the eye-piece, whereas with the long body the eye 
need not be taken from the eye-piece at all, as the stage can be seen 
with the unused eye. We are informed by a highly competent 
German optician that shoi't sight is the most common foiin of vision 
amongst German microscopists. This, of course, foi* Germans so far 
alters the case, but it does not apply in this countiy. The diameter 
of the body tube is also a matter of importance, because when a 
microscope is used for photomicrography it is essential that it 
should have a body with a large diameter. 

III. Arrangements for focussing stand next in order of import- 
ance. Every microscope of the first class is provided with two 
arrangements for focussing, one a coarse adjustment, acting rapidly, 
and the other a fine adjust^nent, which should act witli great delicacy 
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and precision. A good S-oai-se adjusi nuait ’ oi- |)rimai v uiovaLP^ 
part of tlu* instrimieiit is of great iiii]M>rtaiKH‘. Tlu‘ iirst r(M|uisit(‘ is 
that the body oi- ino\ahle part should move easily, smoothly, hut 
without ‘ sliaki ' in tlu* groove oi* slot or whatever else it slides in. 
We hav(' found in practice that a bar sha|K'd lik(' a truneatud ])risni 
sliding in a siiital)h* groove acts best and longest . lint, a liar j)laned 
true and placed in a groove ploughed to suit it is not cuiough. Tlie 
inevitable friction determim^s wear, and this brings with it a fatal 



Fi(i. 124, — Diagonal rack and twisted j)inion devised in 1881. 


‘ shake.’ All such grooves, which art* usually V-sbapt*d, should he 
cut aud ^pru i((f <nt one side, so that by ‘ tightening up ’ the V’*s by 
niea ns oi’scrcw s t he bar or limb is again tirmly gripped. Ekirther, the 
l)ar should not ' bear’ for its whole length along the groove, but only 
on ])()ints at either (‘lul and in tlu* middle. Powell introduced these 
prime essentials to a good ‘coarst* adjustnu'iit ’ more than ()0 vears 
ago; yet w hat t housands of instrunuMits in which tlu'st* pi-iiiciples 
have not becui applied have been, by slu‘er friction wear, soon 
changed into useless brass since then! Put instruuu'iits made by 
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this firm are avS good after tliirty years' use as they were when 
new. 

Frequently bad workinansldp is concealed by the free employment 
of what is known as ‘ optician’s gi eas(‘ ’ and an over-tightiMiiiig of tlie 
pinion, driving its teetli into the rack, wliich, of course, speedily 
ends in disiister. 

If we desire to practically test this part of a microscope, ^v'e 
must remove the pinion, take out the bar, clean off‘ the ‘ r)|»tician's 
grease ’ with petroleum fi om both })ar and gi*oove, oil witli w atch 
maker’s oil, and replace the bar in the groov^e, and Ixdore refixing 
the pinion see if it slides smoothly and without later:d shake. 

Wiiat. kas been s;dd about tlie ‘ springing ’ of the bar in tins spiaaal 
instance appli(‘s equally to all moving parts, in stage and sul)-stag(‘ 
movements, and wherever constant friction is incurred; (‘(pially 
applicable, too, is the 
lubricant we suggest. 

An instrumeTit left 
unused in its nati\(‘ 

‘ grease ’ for tweh e 
months becomes so im- 
mobile in most of its 
parts by the hardening 
of its ‘ normal ’ lubri- 
cant that motion be- 
comes a peril to its fiitun' 
if persisted in in that 
condition. 

If a ‘coarse adjust- 
ment ’ be what it should 
be, all lower powers 
should be exclusively and perfectly focussed by it, and with tlu' 
highest powers objects should be found and focussed up to the point 
of clear visibility. 

The exceedingly useful method of ‘ diagonal rack and twiste<l 
pinion’ was introduced ])y Mt‘ssrs. 8wift and Son about 1880 and 
has since been universally a do] ted. Its mode of operation is seen 
in fig. 124, a sectional drawing of this part of one of Swift’s micro- 
scopes. The advantagt‘s gained by this method are due to the twist 
in the pinion being a shade steeper than the diagonal of the rack, by 
which expedient there is more gearing contact between i*ack and 
pinion, which prevents ‘ loss of time ’ and obviates the necessity for 
unduly forcing tlu' ((>(‘th of this pinion into those of the rack. 

Mr. Xelson has Iiad nrule by Messrs. Watson and Sons a still 
better form of rackwork. It is what is called a, ‘stepped’ rack (not 
of the diagonal, but of tlie stiaight type). In this very admirable 
form two parallel racks engage in the same pinion ; one rack, how - 
ever, is placed so that its teeth are stepped an amount equal to the 
‘ back-lash ’ behind those of the other, e.g. fV of the pitch. 

Tlu^sr racks have to be cut together and fixed in the ])osition 
they W (‘rc c ut ; the object of this plan is that one of the racks shall 
be in action wlien the bar is racked up, and the other w hen it is 



Pig. 124a. — Nelson’s ‘ stepped ’ rack, invented in 189U. 
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racked down ; so that if the racks are properly placed relatively to 
one another ‘ loss of time ’ is impossible ; and the result is obtained 
without forcing the teeth of the pinion into the rack. If the teeth 
are true, the friction is of the least, and the smoothness and firm- 
ness all that can be desired. But what gives great value to this 
form of rack is that any loss of time as the result of wear can be 
taken up by a slight alteration of the position of the second rack. 
The arrangement is shown in fig. 124 a, and it will be seen that at 
the top of the right-hand rack as we look at the illusti’ation there is 
a small screw. Now the racks are set side by side, one being fixed 
finally. The pinion is then made to work freely and smoothly with 
this one rack ; the second rack is then introduced, and is provided 
with slots and clamping screws, and its position is gradually altered 
in the slots in a vertical direction by means of this small screw over 
the right-hand rack until the smoothest position of action is secured. 
The clamping screws are then tightened and the rackwork becomes 
fixed ; and subsequent irregularity in it is at once corrected by the 
small screw to which we have referred. 

When the best position is found the teeth of the two I'acks, as 
we have stated, will not be in a line, but those of the loose rack will be 
found to occupy a position slightly below the teetli of the fixed 
one. 

There is a defect in either microscope or microscopist if the 
‘fine adjustment’ is resoi‘ted to before the object is focussed into 
clear view, even with the highest powers. 

The Fiae Adjustment. — This part of the modern microscope 
possesses an impoi'tance not easily exaggerated, and deficiency or 
bad piinciple in the construction of this makes not only inferior, 
but for critical purposes absolutely useless, what are otherwise 
instruments of excellent workmanship and real value. 

There are two kinds of fine adjustment usually employed : — 

i. Those which simply move the nose-piece which receives the 
objective. 

ii. Those which move the whole body, or the whole body including 
the coarse adjustment. 

All constructions of the second class formerly proved impracti- 
cable, and even pernicious. They inevitably broke down just .‘is the 
purchaser, by practice, began to realise the value of peifect action. 
With a large experience of stands of every class, we are obliged to 
say that generally with one or two years of work they lost wh.atever 
value they at first possessed. 

To this broad statement there are possibly two or three excep- 
tions, viz. Swift’s side lever and Campbeirs differential ^ screw and 
Watson’s long lever, to which we shall subsequently lefer. 

It is, however, upon the model above referred to, with all its 
radical and glaring imperfections, that the majority of Continental 
microscopes have been built. 

A screw with an extremely fine thread, and therefore of extremely 
shallow incision — a micrometer screw in fact — has to hear the strain of 

1 The differential screw fine adjustment was first suggested by Dr. Goring in 
1880. It was subsequently made by Nobert about 1866. 
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lift'nKj and lowering the entire weight of the iwdg^ with its coarsi' ad- 
justincut, lenses, and so forth ; while the sole object of the ad jnstinent 
should be to give a (hd irate, almost imperceptible, motion to the 
object-glass alone. It needs no great experience to foresee tlie inevi- 
table i-esult ; the screw loses its powei* to act, and something incom- 
parably worse than a tolerabh* roarst* a<]jnstm<‘m is hd't in its ])lac(‘. 

Yet it is the Con- 
tinental model that 
has become the djir- 
ling of English labo- 
ratories, and that still 
receives the appreci- 
ation of professors 
and their students. 

True they answ’er in 
the main the purposes 
sought — the exi- 
gencies of a limited 
course of practical in- 
struction. But how 
many of those who 
receive it are the 
medical men of tlie 
future, and to whom 
a udrroscope — not of 
necessity a costly one 
— of the right con- 
struction would be 
of increasing value 
through a lifetime ? 

Almost any in- 
strument, however 
inferior, coidd be em- 
ployed successfully 
with a ^-inch object- 
ive of ‘ low angle ’ (to 
give it what has been 
called ‘ the needful 
penetration^ for his- 
tological subjects !) to 
obtain an image corresponding to a figure in a text-book of, say, 
a Malpighian corpuscle, or a section of kidney, brain, or s])i]ial coi-d. 
The quality of a fine adjustment is never t(‘sted by thesi* m(‘ans, 
for, in point of fact, a delicate fine adjust iiuait is not even mscessary. 
We write in the interests of microscopical research. It certainly 
may be taken for granted that the end souglit is not simply to use 
the mici'ost'ope to verify the illustrations of a text-book, a treat is(‘, 
or a course of lectures ; without doubt it is a sid)sidiar\ purpose ; but 
the larger aim is to inspire in the young student coniicU'iKM', 
(mtluisiasm, and anticipation in the methods and }>roniis(‘ of histology 
and all that it touches. But for this there must be potentiiditg (witli- 

M 2 
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out costliness) in the mechanical and optical character of the micro- 
scopes commended and approved. 

A low-priced student's microscope of good workmanship and 
perfect design could easily be devised if the demand for it arose. 
Indeed, quite recently a certain class of students' microscopes have 
been improved greatly ; this has been a concomitant of the science of 
bacteriology, which has compelled the use of the sub-stage condenser. 
We have said enough of the value of this instrument in a succeeding 
chapter, but until recent years histologists did not use it because it 
was not used in Germany or with German instruments ! Its present 
use, nevertheless, has had the eftect of improving the definition 
obtained by the objectives used by students generally. Some who 
perceive this, endeavour to attribute it to the improvement effected 
in modern objectives, but this is not the case ; the objectives in 
many cases are not even new, and until the introduction of the Jena 
glass ^ the oi*dinary students’ objectives were not really so good as 
the English objectives of forty-five years ago. But it could easily 
be shown that one of these early objectives, used as it always was 
with a comlensei% would surpass in the shai*pness of its definition the 
majority of those now supplied to ‘students ’ with Continental models. 

But it must not be supposed that it is only the Continental 
model that is deformed by the adoption of this radical error in the 
‘fine adjustment ’ with wdiich we are dealing. Eve7i duidng the last 
twenty years it has been applied to some of the most imposing and 
expensive instruments made in England «and America on what is 
known as the ‘ Lister ' model. This model has one supreme virtue, 
in the possession of a solid limb. This may take many distinct 
forms, but it is sufficiently represented in fig. 125, where it will be 
seen that the ‘ limb,' which is swuuig between the pillars, and which 
ciarries the body-tubes and the fine adjustment, is in one solid piece. 
If nothing were sacrificed this would be a boon. Formerly, this 
model was supplied with a fine adjustment which only moved the 
nose-piece, but on a principle which we shall see was wrong, and 
from its imperfections it was abandoned, and the solid Lister arm was 
cut, and the whole body and its coarse adjustment was pivoted on the 
lever of the fine adjustment. Thus its normal vii-tue (a solid limb) was 
sacrificed, and a ‘ fine adjustment,' doomed to failure, was given to it. 

A complex roller, a wedge, and a differential screw have in turn 
been since employed to redeem this instrument fi^om the failure that 
had overtaken it. Partially, or completely, each has failed. The 
<lifferential screw certainly comes theoretically nearest to success 
with this form of instrument. But at the outset this is the case 
only where it wholly abandons the lifting and lowering of the body- 
tube &c. by the fiction of a ‘ fine adjustment,' and its motion is only 
brought into operation upon the equivalent of a nose-piece. 

The form of differential screw brought into practical operation 
by the Rev. J. Campbell, of Fetlar, Shetland, was adopted by Swift 
and Son in 1891, but had been exhibited in a stand made by Baker- 
in the year 1886 at the Quekett Micro. Club.^ Its object is to sup- 
* FieZe Chapter I. 

Joum. Q.M.C. ser. 2, vol. ii. pp. 288 and 287 (1886). 
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])lant the direct -act ion screw, where th(‘ thrin of t lu‘ im(*r<).sco}io 
aj)|)(‘:n‘ to inak(' that a iie<*(‘"''^ity. ddiis has ho(.‘n the eas(' witli tlu* 
( S)nthieut.al iuo(U*h It was aj)[»lio(l l»y its iii\ (‘utor to a inieroscoj c 
made by himself, and was brought lieibre tlie (^)nek(‘tt ('hih ])y iMi*. 
E. M. Kelson. 

It is very simphy and is iiiadt^ by (aittinii ( tiire.ids in the 
mieronuder serew\ Fig. 1 ‘2(1 will illustrate' tiu* exact iiK'thod. I) is 
1 h(‘ milk'd lu'ad of tlu' din'ct -ai-t iiig sia*ew . The upper part, S, of 
the screw has (say) twenty thrt'ads to tlu' incli. and tlu* lower part,. T. 
twenty-five threads to the inch. 1> is tlu' li\«'d sofko't Ihnning part 
of the limb of the microscope, and 11 is tlu' tiaxelhng socket eon 
nected with the support of the body-tulH'. Tla* lexolntion of h 
causes the screw thread 8 to move u[) and down in J> at tlu* lato ol 



Fig. 127.— -Zeiss’s usual ‘ new ’ fine adjustment (1880) 


twenty timis to the inch, whilst the screw thread T c.iusc's the 
travelling socket TI to move in the i*everse direction at the rate ot 
twenty-five turns to the inch. The combined eftect, therefon', of 
turning D txventy revolutions is to raise or lower T, and with it th(' 
body-tube Itli of an inch, or io()dh of an inch for each revolution. 
The spiral spring below H keeps tlie healings in close contact. 

Of course any desired speed can be attaiia'd h\ p ro pi 'i* combina- 
tion of the threads: thus 32 and 30 waadd give inch 

for each revolution, and 31 and 30 would give of an inch. 

This screw has provided for the Continental model what Swift’s 
vertical lever has done for the Jackson model; Mr. liakt'r, of 
llolborii, has adopti'd it and with ver\ satisfactoiy k'suUs ; for it 
has passed through that most crucial of tests l‘or a tine ad j ustim'iit, 
its employment in photo-microgi*aphy, with excellent results ; at^d 
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we hope that it may become the general fine adjustment for this 
form of microscope in place of the old form of direct-acting screw. 

In contrast and comparison with Campbell’s diflPerential screw 
we may put the principle on which the usual simplified consti uction 
of the fine adjustment of the Zeiss stands rests. ^ In fig. 127 the 
triangular bar C is screwed firmly to the stage ; on it moves a hollow 
piece B, which is connected inseparably with the arm A caiTying the 
tube. At its upper end C is cut away for about 15 mm. and B 
hollowed out at a corresponding place so that space is obtained for r, 
spiral spring. This spring bears below against the hollowed-out 
part of B, its upper end being connected with the projections of the 
piece E screwed into 0. The piece B is closed above by the cap F, in 
which is the female screw. On the top of the micrometer sciew is 
fitted a bell-shaped head, and at its lower end is a small nut for 
preventing over-screwing. The lower end of the screw is rounded ofi’ 
and bears against the fiat surface of a hard steel cylinder let into E. 

Clearly, when worked, the screw remains in the same place, 
bearing against C. The female screw, on the other hand, moves over 
it, raising and lowering the tube carrier B A connected with it. By 
its own weight A B counteracts the rise and thus supplies the place 
of the strong spiral sjming formerly employed. The weak spring 
here .adopted acts in the same direction as tlu^ weight of A B, and 
serves to assist the latter when the upper part of the microscope is 
placed horizontally. 

Our appreciation of all that is done by the great firm of Zeiss we 
need not reiterate ; it is well known ; but our opinion of the form of 
stand .adopted by these opticians we freely expi'cssed, and we belie\e 
justified in the last edition of this book ; but it is well to get the 
opinion of one who with practical knowledge would certainly not be 
pi'ejudiced against the Continental stand. T)r. H. E. Hildebrand 
says that in teaching establishments, where as many as two 
hundred microscopes may be used, the we.ak points of the Continental 
stand are soon brought to light. The fine adjustment screw soon 
becomes unsteady (an inevitable consequence of the weight so fine a 
screw has to carry), the prism sufters bending oi* rotation, the prism 
flange or the hinge-block under the object stage loosens its connec- 
tion with the stage plate, tfcc. ifec., all of which and much more, as we 
believe, is the result of the adaptation of a simple and primitive foim 
to complex appliances for which it was never designed or intended. 

It is, however, an admirable characteristic of the firm of Zeiss, 
that while they adhere doggedly to the old Continent<al model, they 
are continuously putting forth their ingenuity and skill to counter- 
act what are shown to be its defects. In their best usual form the 
speed of the fine adjustment is inch for each revolution of the 
milled head. This is undoubtedly too rapid, but it could scarcely be 
made a finer screw, because, .as we have seen, it h.ad the coarse 
adjustment and tube to lift, and the wear and tear on so fine 
a thread in constant use led to rapid failure. But the firm has 

^ This form was introduced in 1886, and was a great improvement on its pre- 
decessor, which was mechanically bad. Vide B.M.S.J. 1886, p. 1051. 

® Zeitschr. /. wise. Mihr. xii. (1895) pp. 145-54. 
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Fig. 128 (1898). 
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introduced a very complex but very remarkable modification of their 
fine adjustment which is intended to obviate both the above defects. 
It is a model ostensibly constructed for photo-micrographic 
purposes, but if successful will speedily be applied to all their stands. 
The entire microscope is shown in fig. 128, while a vertical section of 
the fine adjustment is presented in fig. 129, and a ground plan of 
the same in fig. 130. A point which seems to be considered of 
importance to some German microscopists is the provision of a 
handle by means of which the instrument may be readily moved, 
and with the provision of this the usual large milled head controlling 
the fine adjustment h^is been displaced. This is shown at H in fig. 



Fig. 129 (1898). 


128. But with the accomplishment of this there was a great desire 
to bring about what we have so often endeavoured to show was an 
indispensable necessity in the beautiful productions of Jena, viz. that 
the fine adjustment should not have the burden of carrying the 
coarse adjustment and the tube. They have not succeeded in doing 
this ; the weight of the coarse adjustment and tube is still on 
the fine micrometer screw. They have diminished the weight 
that 'the fine adjustment has to support by making the body and 
draw- tube of aluminium. The fine adjustment is placed close behind 
the coarse one, both being fastened cpiite independently, so that in 
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fact the object holder can be made to receive, and the optical appa- 
ratus arranged to examine, prepai-ations of almost any required size. 

To accomplish this H (fig. 128) is made hollow, and in place of 
the usual triangular ‘ conductor’ of the fine adjustment, a swallow- 
tail -shaped slide F (figs. 129, 130) is placed, the upper part of which 
is hollowed out to receive the spiral spring IT (fig. 129). The lower 
part of this is also hollowed and conceals the long box which receives 



the micrometer screw M (fig. 129). The pressure of the spiral 
spring is in the direction of the axis of the micrometer screw, which 
works against a hardened ]3oint shown at D 2 fixed on the dust-tight 
under-cover of H (fig. 128). This ‘ conducting slide ’ F (fig. 129) 
is firmly sci'ewed to the part carrying the coarse adjustment, and the 
aluminium tube T is connected in the usual manner with therackwork. 

To avoid what appears to have been considered a peril in the 
exposure of the milled head carrying the fine adjustment screw in the 
usual form of the 
Zeiss stand, Dr. 

Czapski caused the 
fine adjustment to 
be placed in the 
hollow of the up- 
right H (fig. 128), 
so that the screw 
itself is complete- 
ly removed from 
direct contact with 
the hand ; the 
turning of the 
^ micrometer ’ or 
fine adjustment screw only takes place by means of the motion of 
the small milled heads W W (figs. 128 and 130) which work the 
endless screw E (fig. 130). This engages the wheel S, which being 
fastened on to the flange of the fine adjustment screw, replaces or 




Fig. 181. — Reichert’s new patent lever fine adjustment (1899). 





adjustment is 


Fk;. -Watson’s lever fii 
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usual form give only i,', ,th inch for a revolution of the milled liea<l 
of the ordinary micrometiM- li<‘:i<l, this form of fine adjustment gi\'es 
c^/jth inch for a revolution of the small milled heads W W (figs. 12H, 
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U30). That this is an a(l\ antai»n of a \ (‘rv hij^li ordnr if n\ jH'rii'ncc 
proves it to Ih* a j)racti(*al innt hod ihai'c (‘an lx* no d()nl)t. Moic 
over, the weight whicdi this newly ariaiigcMl niier( )ni(‘tt'r screw has 
to lift is, as the hriu iiHorms ns, only onedift h of that which was hoiaie 
by the older form, and theix* ar(‘ special arrangenanits niad(‘ to pre- 
vent this delieat(‘ const, rnetion frojn lx a* ng overscrewed eitli(‘r v\a\'. 

The mechanical stage of this microscope has some feature's worthy 
of note. It will he seen that the milled heads which work the staiie 


are on TurrelFs plan, but the ontei* head givers trans\ers(‘ nio\<‘ment 


to the stage plate instead of verti- 
ad moveuK'nt. The pitch of the 
screw on this [)inion is line, so that 
the motion is slow. Tlie A crtical 
movement w Inch is actuated by the 
inner pinion lu'ad is (Ui altogether 
a novel plan. The* motion is one in 
arc, this stage plate being pivoted 
on the left-hand side ; the circular 
portion on the right-hand side' 
has rack teeth cut in it into wdiich 
a pinion is geared. This pinion 
has a toothed wheel lixe'd to it. 
which engages an e.'ndh'ss scre'W 
attached to tlie pinion that cai rie's 
the inner pinion head. 

The sjK'od of the ol)ject at the 
centre of tla* stage is about h.alf 
that of the rack, Ix'cansi' tlu* 
object is pla(?ed about halfway 
between the I'ack on tin' right and 
the pivot on the left hand side of 
the stage. 

The stage is conconti;ic with 
simple non-mechanical rotation: it 
can be clamped in any di'siix'd po- 
sition by a small screw at tin' si(h‘ 
of the stage (not shown in the 
figure). 

We may 11 ow^ (k'serihe the ex- 
ceedingly simple, and as wv' think 
beautiful becausf' ess('ntially ])i‘ac- 
tical, fine adjust im'i it invi'uti'd by 
Reichert, wdiich wa* Ixdii'W' will 
prove itself the most iisi'fnl and 
conservative adjunct e\ (*r dex ised 



(ISSl'. 


to make the (dontiiH'iital stand of service for high-class w( a- k with 


out incix'asing its laxpi'iise or u'ducing its vahu' in ordinary work. 
It consists in adapting in a xi'iy ingenious manm'r a le\«'r of tlu' 
second order to the usual dii’i'ct acting scr(‘W\ It wall he seen h\ 
fig. Id I, wdiich rejiresi'iits this part of the microscope opi'ii at, !’> 
and closed as in use at A. The microim'ter sennv presses on two 
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levers, li, h, in turn )»ri*ss llie A\itli its :i|)])en(lix f 

on to the prism support. The princ*i]>ni scrow has tliris* tlirrads 
to th(‘ uii1lmii(‘t(M', which by the levers is induced liy about one 
thii'd. 'rh(‘ pointer for inading the micrometer scab* on the 
millod lioad is conveniently arranged so that it can i)e clianged to any 
figure on tJie scale. The s])eed of th(‘ adjustment is |,dlt iitdi to 
one revolution oTiIk* milled liead. 

We may now ])rofilal)ly consider the best forms ot line adjust- 
ment that «p)ply to llie Listt‘ 1 - model, and one of tJi(‘ stc'adit'st and 


Fig. 185 (1885). 


Fig. 184 . — Nelson’s nuxld wiili Swift’s fine- 
adjustment screw to tlie left hand (1882). 


most delicate of these is that devised by Messrs. Watson and Sons. 
The entire body is I’aised or lowered by means (d‘a milhsl head tixisl 
to a screw having a har<huie<l steel point, acting on a lexer with 
hardciuHl and highly polislicd contact surfaces, against a point 
attachiMl to the body-slide, in a perfect dovetailed fitting, about 
21, im h(‘s long. This is .seen in the s(‘ct ion shown in fig. 132. By 
turning tlie milled head th(‘ hard .steel lever B, which has its fulcrum 
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at C, raises or lowers the body with great smoothness and with the 
great delicacy of ^ Jijth inch for every revolution of the milled head, 
and therefore capable of yielding good service with the highest powei* 
objectives. 

We may now direct our attention to the former of the two divisions 
into which we have separated the various kinds of fine adjustment, 
viz. that in which the nose-jnece onhj is controlled by the adjustment 
screw. 

Sivift's vertical side lever is one of tlie new forms of fine adjust- 
ment worthy of careful trial ; it lias in it elements of great merit. 
It can, however, only be applied to the Lister model, and with the 
adjustment described above certainly places this foiin of microscope 
beyond the danger that some years ago promised to have proved its 
extinction as a first-class microscope.^ 

The first form of this adjustment (1881) was sound in principle and 
ingenious in construction, and although the patentee introduced a 
modification ^ of it (1 885), we believe the original form, which he still 
makes, to be the best, because it only acts on the nose-piece while the 
modification acts on the body-tube. 

The early form employed by Swift avoided what had been a sheer 
necessity of all successful fine adjustments of this type, viz. the 
accuracy and perfection of the fitting of the nose-piece tube. This 
was done, as shown in fig. 133, by attaching a vertical prism-shaped 
bar. A, to the nose-piece, and sliding this in V-grooves in a box 
at the back of the body. A horizontal micrometer screw with a 
milled head, F, acts on a vertical lient lever, I), on which a stud, E, 
fixed to the prism bar bears. 

There is also an adjustment for tightening up the prism bar in 
tlie V-grooves, B B. Side-shake and ‘ loss of time ’ are impossible 
with this form of adjustment; while the power to ‘ tighten up ’ by 
means of the capstan-headed sci’ews enables wear and tear to be 
compensated. It is obvious that the slowness of the motion is here 
controlled by three factors : (1) the length of the lever, D ; (2) the 
distance of the lifting-stud, E, fi*om the pivot or fulcrum ; and 
the pitch of the screw-thread on F. 

Manifestly, whei*e a -lever fine adjustment such as this is 
employed it should be, as it now always is, placed on the ^^i5-hand 
side of the operator : we can readily focus with the left hand, and 
leave the right hand free for moving the slip and effecting other 
adjustments. Ambi-dexterity is not at present a common gift, and 
to have the right hand free is important. This was pointed out by 
Mr. Nelson when this fine adjustment was first introduced, and he 
had a student’s microscope constructed with the micrometer milled 
head on the left side, as in fig. 134. It is manifest, however, that 
it would greatly improve this adjustment if the sci*ew-pinion 
were carried right through and a milled head placed on both the 
right and the left sides of the body. 

An early form of a nose-piece-controlhd fine adjustment was em- 
ployed by Andrew Boss. It was applied to a microscope having a 

1 Joum, B.M.S. (1881) p. 297, fig. 48. 

2 Jovrn. (1885) p. 120 and (1886) p. 1043, fig. 207, 
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bar movement. It consisted of a lever of the second order inserted 
within the hm\ and actuated by a micrometer screw with a milled 
head at one end, the fulcrum being at the other, and the nose- 
piece between them. This served admirably in the days of low- 
angled objectives ; but there were two faults belonging to it : one 
was that the tube of the nose-piece had not a sufficient length of 
bearing and was liable to a lateral shake ; tlie other was that the 
adjustment screw, being near the middle of the bar, involved tremor. 

The application of this principle in its, very highest and most 
perfectly practical form was invented by Powell. His instrument 
also had a bar movement : but the bar being of relatively great 
length, he employed a lever of the Jm*st order ^ the micrometei'-screw 
being at one end, the nose-piece at the other, and the fulcrum between 
them. The ratio of the arms of the lever was 4:1; and the screw 
is so ari*anged that a complete involution of the milled head is equal 
to the of an inch. The position of the screw is immediately 

behind the pivot on which the bar turns, and this precludes the possi- 
bility of the impartation of vibration to the body ; and, as the nose- 
piece tube is very long, and oidy bears on three points at eithei* end, 
this adjustment is the steadiest, the smoothest, and the most reliable 
for all objectives of any of the several devices which have come before 
us during the last twenty years. In fact, this fine adjustment has 
held an unrivalled position for the j)ast fifty years (fig. 157). 

The fine adjustment that was employed as its rival on the earlier 
forms of the Lister model was known as the short-side lever^ and 
it was sometimes employed in the commonei‘ bar-movement micro- 
scopes. Its position and character will be seen on the right-hand 
side of the body of the Smith model, fig. 122. In the light of 
what we now need, we are bound to say to the intending pur- 
chaser of a microscope, ‘ Avoid it ; ’ it is bad alike in design and 
construction. The sci*ew is so phiced that tremoi- is inevitable in 
the body when it is touched, while the nose-piece tube is so short 
that steadiness of movement does not belong to it. It is only that it 
was concurrent with the belief in Mow angles,^ and consecpient ‘pene- 
tration ’ in objectives (with wliich no critical work could be (lone), 
that it is possible to account for the toleration fi^r so long in num- 
bers of English microscopes of this wholly inefficient adjustment. 

From the foregoing w e learn that there are three types of micro- 
scope models for which a suitable fine adjustment has been found. 

i. The bar movement model, for which Powell’s first order of 
lever is the perfect method. 

ii. The Lister model, for which Swift’s vei’tical lever and 
Watson’s long horizontal lever are the best forms known. 

iii. The Continental model, for which Campbell’s difterential 
screw is the most smooth and delicate device yet suggested, unless 
we take into consideration the beautiful lever fine adjustment of 
Reichert. 

The full value of delicacy in the fine adjustment can of course 
only be fully appreciated by the expert. A tolerable speed may be 
permitted in this adjustment wffien uncritical images with small 
illuminating cones are used, because objectives so used are far less 
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sensitive to focnl adjiistiiKMit WIwmi. :i critical ima^c i.-> 

obtained witli a | coiu* tbc conditions an* clianiji'd and an o1)j('cti\f‘ 
willi a wide apertniv becomes exccssix <‘ly .sonsiti\ to minute foca] 
alU'rations. Hence the Jieed witli Ilu‘ liiiilic.st class of niicioscojtic 
inv(‘stigation of at least as slow an acTion <is can with safety to tlii‘ 
mechanism be secured, and 11u*refoi-<‘ conies out tlu‘ danger of 
burdening the screw of the fini* adjnstimuit with a fi action Of an 
ounce of lifting more than can lie a\oided. 



Fig. 136. — Watson’s new stage (1808). 


So far as we can ascertain the s]MM*ds of the several fine adjust- 
ments now wdthin the riMch of the woikca-. they .ne as follow s, vi/. . 

Spe<‘<l for one revolution of tlie 
milled head in fraction 

Model of an inch 

Bausch and Lomb ^\st = t\\o threads to 1 mm. 

Reichert (old form) s-th 

Zeiss (ordinary) Y^st = four threads to 1 mm. 

Powell . . . . . . . oTw^^ 

Baker and Swift (Campbell differential sciow)^^th 
Reichert new patent .... 

Swift vertical lever ™th 

Watson’s long lever 

Zeiss’s new endless screw arrangement for 
photo-micrographic stand . . . 

IN’ The stage of the microscope vill next call for considia-a- 

tioii. \\ h.it is known :is :\ inerlm meal nnmt 1)(‘ ,i ji.irt of (waa-y 

first-class microscope; hid by this w»' na'an one of ]icrf(‘ct work- 
mansliip and construction, otlna'wisc it is an inijicilinuait and not a 
b(dp. 

'To this end W(‘ would sa\ .it tlic outset tlaac must 1 h‘ tlioiougbly 
well mad(* nn )\ (Minaits. The employunent ol IcMa s. caiiiN. and that 
(‘lass ol* st:ig(‘-g(*ar is in pi*acticc, for critical pin poses, a nu‘re 
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mechanical mockcT’V. Heitor trust to and educatf' the fl/N/ers to 
move the object tliaii he honuilod by any such praet ically toriiKUiting 
delusions. Th(\v an' .simjdy impossible as aeeompauimeiits of a 
first-chass 1 1 1 i(T( >sc( )p( > . 

The principle u])oii whieli aloue a perteet iiH'rlianit'al stage' can 
be constructed, so as to work smootldy without ‘ loss of tiuu',’ and en- 
dure constant use without failure, must 
1)6 the employment of prism -shaped 
|)lates sliding iu sju'uug V shaped 
grooves, and bearing only on four points. 

We may test the mechanical quality 
of the movements of a stage, as in the 
case of the coarse adjustuamt, by re- 
moving the parts, cleaning them, and 
replacing them, when they should woi’k 
smoothly ami without shake. Where 
th(‘ sliding parts are tightened into 
C'asily fitting and merely ploughed 
g)-oo\'es ])y prt'ssiug the ])iiiion into the 
rack, the desirable' re'sult of smooth 
working ami instant re'sponsiveness of 
Fig. 187 (1808). sliding plates to milled heads will not 

present itself. 

But bo'sides tlu^ p(‘rfect action of the sliding parts, a perfect 
mechanicid stage' should have equal S'peed of motion vertically and 
horizontallif, A common fault is that the speed ot the rackwork 
giving vertical motion is greatly in excess of that of the screw giving 
lateral or horizontal motion. If, for exam})le, a pinion has eight 
leaves, and the rack it works has twenty-four teeth to the inch, then 
three turns of the milled he'ad (and pinion) would cause one inch of 
movement to the stage. In order, therefore, to get the same rate of 
movement in the lateral motion, the screw should be so pitched as 
only to move tlie stage thi'ough an inch with three I’evolutions of the 
milled head. 








Fig. 188 (1898). 


It is most desirable that the pinions should he fixed, not movable 
with the moveimmts of the stage, and the milled heads carrying the 
respective j)ai‘ts shoidd, he as near to each other as possible. The best 
form is that of TurrelFs, devised in 1832, where one (a screw) is 
hollow, and the otla'i* (a janion) ])a.s.ses t hi-ough it; ibis permits both 
to be turned at the same time with one liand, giving a diagonal 
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motion, as well as the separate rectangular ones, and gives greai 
facility for instantly producing any motion required without remov- 
ing the hand from its position ; a most desirable attribute of a stage 
when the rapid movements of a living and minute organism are 
being followed. 

It still further enhances such a stage if a pinion is carried right 
through the stage with a milled head at each end. 

A new stage devised by Watson has in it some features of interest, 
a principal one being that the milled head controlling the horizontal 
movements is in a fixed position ; in other words, does not travel 
with the plate. This is shown in fig. 136. A is a ball upon which the 
turning of the screw takes place ; it will be noticed that this 'ball has 
a groove in it into which gi*ease or dust can drift without affecting 
the motion. The cap B covers the ball when fitted together. The 
manner in which verniers are fitted is shown at D, D, and the screw 
for adjusting the vertical rack movement of the stage is shown at G. 
Fig. 137 shows the manner in which the plate E is attached to the 
stationary screw ; while fig. 1 38 indicates the careful manner in 
which this stage is sprung to counteract continuous wear. The saw- 
cuts shown are compressed by means of screws which are situated at 
the points F F, G G , and any «amount of wear can be corrected by the 
use of these screws in these slots. 

TJie aperture in the stage should always he large ^ not less than 1|^ 
inches in diameter. There ought always to be space enough above 
the ordinary slip when it is in position to permit of the easy inser- 
tion of the index finger, for by its proper use, focussing with the 
highest powers may be greatly facilitated. The object is to raise or 
lower the slip, as the objective approaches the object, so as to dis- 
cover how nearly it may be to contact with the front lens of a high 
power in approaching focus. The focal distance should always be 
felt^ and not sought with the eye. 

Let it be supposed that we are using a dry object-glass with a full 
aperture, and consequently short working distance. With the right 
hand the coarse adjustment is worked ; with the elbow of the left 
arm on the table, the second finger of the left hand resting on an 
immovable part of the stage, which steadies the whole hand, the 
index finger should rest lightly on the edge of the slip, and the 
thumb be so placed as to graze the objective as it advances towards 
the slip. The touch of the thumb indicates whether the objective 
is an inch off or only a quarter of an inch away from the cover of 
the slip. The movement of the coarse adjustment may be rapid up 
to Jth or |-th of an inch, but after this there must be a cautious but 
steady advance. The body may be racked down until by gentle 
upward movement the slip is found to touch the front of the objective ; 
then proceed cautiously by delicately lifting the slip from time to 
time, by doing wLich we can proceed in perfect safety until the focus 
of the object is obtained. In this way focussing becomes easy and 
rapid, a matter of touch, and not of discontinuous procedure to 
‘ discover where the front of the lens is —a search requiring a hand 
glass and often, with its cumbrousness, considerable loss of time. 
The above simple plan with brief practice will enable the operator to 
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focus an object in the field with a 3 ^^-inch objective in ten or 
twelve seconds. 

If a perfect mechanical stage cannot be obtained, take no middle 
course, have a well-made plain one with a smoothly sliding ledge. 
The stage should be large, and the ledge should glide with perfect 
ease and without catching when gently pushed from one corner. For 
this purpose the side-guides should be long, and only the ends of the 
bar should bear on the stage. The aperture should be as in the 
mechanical stage, and for the same reason. 

Mr. Nelson suggested a stage of large size, which should have a 
1 ^ or 1 J inch apertui*e bored in it, and then have the intervening 
brass between it and the front taken away, so that the stage 
assumes a horse-shoe form. This is thoroughly efficient, and the 
principle is seen in fig. 134. 

It is a matter of great interest to English microscopists to note 
that their German collaborate urs in Germany and the leading 
German makers have not only surrendered to the sub-stage condenser, 
and even in its achromatic form, but that at length they have also 
adopted the mechanical stage ; the latest form adopted by Zeiss is 
figured in the accompanying illustration which shows the complete 
instrument (fig. 139). We specially call attention to it here, as it has 
Turrell heads, maiked H V, and a rotating stage of 4 inches diameter. 

It must, however, be noted that the usual Continental model 
adopts a small stage with a ^-inch aperture and two fixed sjnnng 
clips with 710 sliding ledge ; that is, wanting almost everything 
required to do good modern work. 

One of the most practical rules for the young microscopist in 
this relation is, ‘ Have your mounted slide in a fixed position, but 
never clip it if it can possibly be avoided.’ 

In addition to perfect rectangular movements a first-chiss 
microscope should have concentric rotary motion to the stage. This 
is usually effected by i*ack and pinion, but it is at times desirable 
to move it with greater rapidity than this admits of. In very well 
made insti'unients the pinion engages the iac*k so lightly that this 
rapid motion may easily be given to it. In others the pinion can be 
disengaged aiul rapid movement effected. 

The centre of rotation of the stage should be closely approximate 
to coincidence with the optic axis, so that in rotation the object 
should never be out of the field when a fairly high power is used. 
Elaborate rectangular centring gear has been used by some makei*s, 
and is found in some high-class instruments ; but this is not needful, 
for all that is really required is to rotate an object without losing it. 
In fact exact centring would have to be readjusted for every separate 
objective if it were needed. But any slight departure from the 
axial centre can be much more readily met by bringing the object 
into centre by the mechanical stage. 

There are four movements in every microscope which should he 
graduated : these are ( 1 ) the milled head of the fine-adjustment 
screw ; (2) the stage movements for finders ; (3) the extension draw- 
tube carrying the eye-piece ; and (4) the rotation of the stage. 
Divided arcs are imposing, and to the multitude look ‘ scientific ; ’ » 

N 2 
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but in practice they are superfluous in tlie most complete instrument 
beyond those indicated. 

There is a simple form of attachable mechanical stage now em- 
ployed by many, and we think with advanbige, when the cost of a 
complete mechanical stage must be foi'gone. This consists of a clip 
to receive the object, made of glass or .brass, so arranged that the 
friction shall be reduced to a minimum. 

Such an attachable stage can be made to woi*k with remarkable 
smoothness ; and since some persons have not sufiicient delicacy of 
touch to move so small and thin an object asa 3 X 1-inch slide upon 
the stage with steadiness and precision, it is in favour of the super- 
stage that it is larger, moves easily, and can be furnished with 
convenient points of hold-fast for the hands, and consequently is 
more manageable. Against its employment is the fact : 1st, that 
the slide is clipped into a rigid position ; and 2ndly, that the aper- 
ture is often too small to admit of the employment of the finger in 



Fig. 140. — Swift’s attachable mechanical stage (1894). 


moving the slide to assist in rapid focussing. But these are defects 
which are rapidly disjippearing. 

Amongst those that claim the attention of the microscopist is 
that of Messrs. Swift and Son, shown in fig. 140. It can be adapted 
to most microscopes ; it is easily applied and removed, leaving the 
stage, if required, free. The up and down motion is effected by a 
milled head below the stage. The lateral movement is produced by 
two endless screws engaging in worm-wheels fixed to smooth rollers. 
The lower edge of the slide rests on these, and is kept in gentle 
apposition with them during traverse by a third smooth roller at the 
free end of a curved spring as shown in the figure. This is readily 
turned aside when changing the object. In its most recent form we 
have used this stage with comfort and pleasure. 

Another of these stages, made by Baker from designs by Mr. 
Allen, is shown in fig. 141, which in its latest form is so arranged 
that the width of space between the rest and the spring clip can be 
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enlarged so that a much wider preparation than lla^ usual on(‘ inch 
may be worked with gi*eat facility on this sbige. Tlie method of 
attachment practically makes the mechanical stage one with the stage 
of the microscope, as it is in contact with the fixed stage throughout 
its entire length, and is clamped at the lower end to the top, and at 
the upper end to the bottom of the stage. 

Both the rectangular movements are effected by rack and pinion, 
the vertical one of which carries a bar (fixed as to horizontal movement) 
against which the slide is pressed by a spring clip, and upon which 
is mounted the rack and pinion for the horizontal movement ; the 
end which presses upon the slip is tipped with cork in order to grip 
the slide, and move it along the fixed bar ; when the milk'd lioad is 
rotated, the slide actually rests on two small raised surface's at citlu'c 
end of the bar to minimise friction. This is without question a well- 
made practical and use- 
ful stage. Amongst 
stages of this kind, how- 
ever, the most original ^ 
and useful has been de- | 
vised by Mr. !Nelson. ' 

As seen in fig. 142, the 
sliding bar has been 
slotted and a movable 
piece, which may be 
called the shuttle, has 
been fitted in the slot ; 
this shuttle has a dia- 
gonal rackwork at the ^ 
back, and a verticfil 
spiral pinion gears in it, 
as is shown in fig. 143. 

Above this pinion there 
is a horizontal bevel 
wheel which is geared 
by friction to a vertical Pio. 141.— Baker’s attachable stage (1898). 

wheel fixed on the usual 

horizontal pinion. The cock which holds, and is close to, the vertical 
bevel wheel in fig. 143 is slotted underneath, a capsbin-headed screw 
(not shown in the figui*e) is fitted for the purpose of compressing this 
spring part ; the amount of friction between the copper bevel wheels 
can therefore be regulated at will. This capstan-headed screw is 
placed some distance from the bearing, so that the length of the bar 
between it and the bearing may form a stiff spring ; this renders the 
motion equable. It will be noticed, therefore, that the transverse 
movement is confined to the sliding bar. This sliding bar can be 
removed so as to leave the stage perfectly plain. The heads of the 
pinions which control the vertical movement have been kept below 
the level of the stage so as to be out of the way of culture plates. 
Three and a half inches of transverse movement is given to this 
stage, and the manner of the holding the clip is (jnite new and 
eminently serviceable. On the shuttle theie aie two sliding pieces, 
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Fio 144. — Nelson's new mechanical stage (188H). 
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and tlu'so liold t]K‘ sli]) by flu* two l(nv(‘r coi-ihm '^. as sc'iai in fig. 142 ; 
and this iiiodo ot‘ gripping allows for lh(‘ (an | >1()\ iiKail of tho in- 
valuable method of touch 011 the edge of th<‘ slide for disco\ eri ng 
working distance and focus. A plain sliding l)ar may lx- sid)st ituttal 
for the mechanical bar ; this forms a semi-mechanical stage as sliown 
in fig. 144. The mechanical movement being only imparti'd to th(‘ 
lugs at the side of the stage, the Vjar may be mo\ »m 1 by th(‘ liand by 
sliding as in an ordinary plain stage without tJie employment of the 
mechanical movement. 

The stage is of aluminium, and its size is 4^- x 7 inches. 

Another attachable stage having many advantage's is made by 
Reichert and shown by fig. 145. It can be used \\ it h any instrument 
of the Continental type, is very carefully made*, aial the scales 



Fig. 145. — Reichert’s attachable stage. (About half natural size.) (1892.) 

attached are divided to read by means of a vernier to OTO mm., and 
the range of movement is an inch in both directions. 

An attachable mechanical stage is also made by the Bausch and 
Lomb Optical Company of Rochester, New York, having gi'eat 
merit and some special points ; and this firm is in advance of all 
other makers that we know of in making an attachable reiJolving 
mechanical stage. 

There is much similarity to the American mechanical stage in one 
made by Carl Zeiss and illustrated in fig. 146. Of course the principle, 
as primarily in all the others, is that suggested by the late Mr. Mayall, 
and afterwards by Reichert. Two sliding pieces, mounted at right 
angles to one another, are moved by means of two milled heads, S, T. 
They pass along millimetre scales which serve to record any particular 
position. 

The demand for these attachable stages is, we presume, consider- 




Fig. 146. — Zeiss’s attachable mechanical stage. (§ full size.) (1895.) 


tion is daylight, and very critical results are not sought, it will be 
useful, and is admirably made. 

V. The sub- stage is scarcely second in importance in a first- 
class microscope to the stage itself. It is intended to receive and 
enable us to use in the most efficient manner the optical and other 
apparatus employed to illuminate the objects suitably with the 
various powers found needful. Upon this much of the finest 
critical work with the modern microscope depends. 

To accx)mplish this a good sub-sttige must have rectangular 
movements, and a rack-and-pinion focussing adjustment. 
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The vertical and lairjal inovi^incnts need not he as elaborate as 
those of the stage, since only a small movement in each direction is 
required. The object is to s(‘cuie a eenti ing motion, a motion that 
will make the o]>ticnl axis of the sub-stage condonations continuous 
with the optical axis of tlu* objective. It must therefore be a steady 
motion ; the sub-stage must move decisively, and must rigidly re- 
main in the position in which it is left. 

A bad sub-stage moves in jerks, and is liable to spring from the 
position intended to be final. 

It is not needful that the motion should be in right lines ; 
motion hi arcs whose tangents intersect at right angles are quite as 
efficient. A steady, evcm, l eliable motion that will enable a centre 
to be fouiul is all that is rcMpnred. 



Fig. 147. — Beck’s mechanical attachable stage (1896). 


The focussing adjustment must be smooth, steady, and fiinn, acting 
readily and remaining rigid. The recent employment of achromatic 
condensers of wide apertures has led such critical workers as 
Mr. E. M. Nelson to suggest a fine adjustment to the sub-stage. 
There are times when it is a great luxiiiy and a fircile path to 
delicate and desirable results ; but it may be quite simple, a direct- 
action screw of fine thread, or a cone which the revolution of 
a screw pushes horizontally forward upon the bottom of a sliding 
bar to which the sub-stage is fixed, or an inclined plane acting 
in a slot in the same way. In fact, any siinjDle device for focussing 
the condenser more slowly than the rackwork will do, pushing the 
condenser up to, or causing it to recede from, the under surface of 
the slide with sufficient delicacy. But no means should be employed 
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for this end which will imperil thejihsolute firmTiess of the snb stnge, 
or else more will be lost than can be gaiiu'd. The nta'd of siieli a 
device for the most di^licate and critical microscopical woi k is shown 
plainly by the fact that (hiring the past few years several ingenious 
and practical dcA’iccs have been used, nearly every principal Eng- 
lish maker employing a method of his own. The fii-st arrangement 
was made in Powell and L vdamrs sub-stage and is shown in fig. 148 . 
riie nature of this de\ ice, ^vhi(*ll w as suggested by Mr. Nelson, will 
he rojidily understood. It does not interfere with the general 


Fig. 147a. — Attachable stage with diaphragm in the plane of the stage. Top 
view and cross section showing construction of stage and attachment of iris dia- 
phragm. 


mechanical arrangements of the sub-stage ; it will be seen that the 
milled head A controls a screw spindle terminating in a steel cone B. 
On rotfdJiig A, B turns, and witli a very .slow motion forces up (or 
releases as the case may be) a pin C, inserted in the base plate E of 
the sub-stage. The motion of G carries with it the condenser. At 
right angles to and forming part of E at the back an inner sliding 
plate works against :i spi iiig at the ujiper end between bearings F at 
each side, which are fixed u{)on the usual racked slide D of the sub- 


THE SUB-STAGE 


187 


stage; the inner sliding plate is th(‘ »‘sst'i)ti;il .uldition to Uk/ usual 
racked slide, in the application of the Jiew tine adjustiiieiit to the 
sub-stage. The range of motion is about ^th in. — the difference in 
radius between the smaller and larger ends of tla* steel cone. 

A very simple and practical d(‘vice Inr the same piii'pose was 
suggested by Mr. Ct. C. Karop, who knew that if the best possible 
resolutions are requii'ed, tlie image of the flame given by the con- 
denser should be as accurately adjusted in the focal plane as the 
object itself. This arrangcanent of Mr. Karop’s, admirably suited 
to the stands of Messrs. Hwift and Son, was patented by that firm. 
It consists in the adaptation of their well-known ‘climax’ or 
‘ challenge ’ fine adjustment to the slide carrying tlie sTd)-stage ; but 
it is actuated by a milled head borne on the spindle to w hich is con- 
nected the coarse rack motion. As will be seen in fig. 149, it is a 
lever actuating a stud fixed to the dovetailed slide which carries the 



^IG. 148. — Fine adjustment to sub-stage. Fig. 149.— Karop’s fine adjustment for sub 
Powell (1882). stage, made by Swift (1892). 


sub-stage. The extreme end of the level- is not acted upon by a fine 
screw, but there is a cylindrical pin one end of which engages the 
point of the lever, the other the face of the inner milled head ; the 
milled heads resemhh the Turrell stage arrangement, but the inner 
milled head works on a screw on the stem of the outer milled head ; 
when the inner milled head is turned it traverses the stem of the 
outer one, and piessure by the S-shaped spring in the fig. aiuses the 
stud to slowly luise or lower, as may be desired, the sub-stage which 
cai-ries it. One complete turn of the inner head presses the sub-stage 
the 5 th in. 80 that small fractions of this may be easily obtained, 
and it is an advantage that the milled heads of both movements 
are so close to each other. 

Messrs. W. Watson and Sons have also devised a useful arrange- 
ment to serve the same end. As ;ip[>lied to their Van Heurck 
microscope it is shown in figs. 150 and 151. A is a controlling 
milled head, B the lever which is seen from the side in fig. 150 
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and from the front in fig. 151. This is brought round at one end 
at right angles to the fi;ont. The fulcrum of this lever is at C, and 
it fits under the pin 1 > \\ Inc h is attached to a dovetailed piece, having 
at the back of it enclosed in a metal casing the counteracting spring 



Fig. 150. Fig. 151. 

Watson’s sub-stage fine adjustment (1899). 


shown in fig. 151 ; when, therefore, the lever is depressed at B, the 
sub-stage is raised at D and vice, versa. The milled head A is placed 
at the side of the stage of the microscope towards the back slightly 



higher than the surface of the 


stage. 

The fine sub-stage adjust- 
ment of these makers as applied 
I to their ‘ Royal ^ microscope is 
shown as it is in its complete 
form in fig. 152. 

Another sub-stage fine ad- 
justment has been devised by 
Baker, which, we are of opinion, 
it will be of advantage to the 
student to understand. It em- 
ploys the differential screw, and 
by this means obtains a very 

Pig. lB2.-Sub-8tage fine adjustment com - movement. The student has 

plete in ‘ Royal ’ microscope (1899). already understood that the prin- 

ciple of this screw is the cutting 
of two threads of a different ‘ pitch,’ one at either end of the screw, 
the proportion of one to the other determining the amount of move- 
ment. The threads found most suitable for their sub-stage fine ad- 

In fig. 153 the screw A G 


justment were 40 and 50 to the inch. 
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has 40 threads to the inch, and works through an immovable fitting, 
the thread is discontinued at C, and from C to D a screw having 50 
threads to the inch is cut, working through a fitting E. If now 
the milled head F be rotated 40 times, the screw A 0 will have 
travelled one inch. So will the screw C D as it is cut on the same 
vstem, but it would take 50 revolutions of screw C D to travel one 
inch through the fitting E, hence the fitting E must have been 
carried up bodily the remaining 10 revolutions — that is to say, -^th 



Fig. 158 . — Baker’s fine adjustment to sub-stage ( 1888 ). 

of an inch — therefore one revolution raises the fitting E ^J^th of an 
inch. 

The fitting E is attached to the sub-stage G through a slot cut in 
the cover of the adjustment ; the cover is also grooved on either side 
to receive that part of the sub-stage H which insures the true 
vertical movement so essential with this screw. 

It is almost a matter of compulsion to refer heie to a com- 
paratively recent arrangement known as a swinging suh-stdge^ which 
is, as its name implies, a sub-stage so arranged as to be capable of 
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being moved laterally out of the axis in an arc which has the object (yii 
the stage for its centre. 

The sole purpose of this is to secure oblique illumination^ which 
practically, at the time the swinging sub-stage was devised, meant 
obtaining a more oblique pencil than the condensers then provided 
could command ; and since this also meant sending into the object a 
small portion of a cone of light in one azimuth^ many tacitly assumed 
that this alone was taken to be ‘ oblique illumination.’ But whatever 
sends oblique light through an object into the objective is an oblique 
illuminator. Two condensers may have numei-ical apertures of 1*4 
and 1*5 respectively; a stop behind the back lens in each has a 
narrow sector cut out, representing the conditions of the so-called 
‘ oblique illuminators ; ’ by the former we get an oil angle of 134° 10', 
by the latter a similar angle of 161° 23'. These sectors of the cone 
of light of 67° 5' and 80° 41' respectively are in every sense 
‘ oblique illuminators,’ and the one more oblique than the other. 

Another or not it is needful or best to use such a sector is 
scarcely an open question ; it is manifest that by taking the stop 
with its sector away from each condenser and sending in the complete 
cone of light formed by the condensei‘, we aie still using oblique 
illuminators,^ hut the obliquity is in all azimuths. 

There can be no doubt that a large aperture in a condenser 
provides the microscopist with far greater wealth of resource than an 
oblique illuminator in one azimuth can ever give him. A condenser 
with an oil angle of 161° 23' is much more valuable than even the 
semi-angle obtained by a mere section of a luminous cone. The 
power to utilise the entire cone is a gain of the highest order. 

It will be manifest to all that we want concentration as well as 
obliquity. 

Ordimu’y concentration depends upon the j)ower of the condenser. 
If it is required to concentrate the light from the edge of the flame 
of a paraffin lamp upon an Amidiipleura 2)elhtcida^ the condenser 
must be at least a ^th inch or 1th inch in power, which will give an 
image of the flame nearly the same size as the object. The amount 
of light which is concentrated upon that object will of course depend 
upon the aperture of the comlenser. An obi i( pie cone of great in- 
tensity is here what is needed ; the illuminating cone should be 
equal and conjugate to that which exists between the object and the 
objective. 

Now it is certain that this condition cannot be met by an ‘ oblique 
illuminator ’ of the kind commonly undersood by that name ; to get 
immersion contact, which is of course a sine qua non., we must employ 
a hemispherical button — or one greater than a hemisphere— placed 
in immersion contact with the under surface of the slide. This may 
be illuminated by a beam from a dry combination, made oblique by 
the sub-stage being swung out of the axis. Granted that the angle 
is attained which can be got with a condenser of great aperture, we 
manifestly obtain only a portion, and an attenuated and small por- 
tion, of the light given in every, or at will any, azimuth by the con- 
denser. 

Theoretically perfect illumination of an objective, for example, 
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a ^th of N.A. 1*4 or 1*5, would be obtained by using a precisely 
similar objective as a condenser, with its back lens stopped down by 
a slotted stop, the slot being of the size of the peripheral sector re- 
quired to be illuminated. The cone of illumination would precisely 
equal that taken up by the objective, and would be of maximum 
intensity. 

Now these conditions are more nearly approached by a high -class 
iichromatic condenser of great aperture and of homogeneous construc- 
tion than by aiiy other means. 

The value of oblique illumination is not here in question ; what 
we believe clearly shown is that, however much may have been done 
by oblique illuminators dependent on swinging sub-stages, and the 
like, the same things can he better done with immersion co'ndensers oj 
great apertures aiiid perfect corrections. 

The swinging sub-stage, with these considerations — as well as all 
other ‘ oblique illuminators ’ of its order — is .a useless and defective, 
not to say deceptive, adjunct to the microscope ; and this judgment 
has so far obtained amongst prac^tical microscopists as to cause the 
virtual disappearance of the swinging sub-vstage. It has no valid 
function — is unfruitful specialisation in fact — which does not pro- 
mote the pi'ogress of either the instiaiment or the worker. 

And this will apply to those complex forms of microscope known 
as ‘radial,’ ‘concentric,’ and those provided with stages that revolve 
or ‘ turn over ’ in an axis at light angles to the optical axis of the 
microscope. 

In a(ldition to the features enumerated hitherto, a complete sub- 
stage sho'idd also be provided with a rach-and-pinion rotary motion ; 
that is only i*eally needed in ordei* to use the polariscope. For the 
purposes of its successful employment this is important, but other- 
wise its use is vei*y limited. 

YI. The mirror is also an indispensable part of a complete 
microscope. In a first-class stand it should be and concave 

and from 2i to 3 inches in diametei*. It may be mounted on either 
a single or a double ciunk arm. In any microscope, if there be 
only one miri'or, it should be concat^e. Tliis mirror, from its curve, 
has a focus, a point in which the i*eflected i-ays all meet ; and the 
mirror should not be fixed, but so mounted that it may be focussed 
on the object. 

The plane mirror is sometimes found to give several reflexions of 
a lamp flame at one time ; we find a very eflicient explanation of 
them in a paper by Mr. W. B. Btokes in Yol. YI. of the second series of 
the Journal of the Quekett Micro. Club, p. 322 (1896). His ideaoftheii 
origin is explained in fig. 154. A is the glass surtace, B the silver 
surface, O the object, and E the eye. In the direction 1 , 2, 3 appear 
the first three inuiges. No. 1 is from the glass surface, No. 2 from 
the silver, and No. 3 is from the silver and air surfaces. 

Move a card along A towanls 1, and No. 3 disappears first, No. 2 
immediately after, and No. I when the card reaches that point. 
This ])eing their origin it may be asked how tlie images can alter 
their position when the mirror is revolve<l in the plane of A, They 
cannot ; the min or A B lias parallel surfaces, but microscope mirrors 
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nre not completely parallelised ; they may be regarded m wedges. 
With that fact before us we can see how images approximate and 
retire when the mirror is revolved. Let the surfaces A and B, 
fig, 155, have an inclination of 1° ; then, viewing a small object at E 
{close to the eye), one image appears towards 1 — i.e. at right angles 
to A — and another in the direction E 2, 1J° from E 1 , which, after 

being refracted to 1 ° in the 
glass, is reflected at right 
angles from surface B. 

If this mirror is re- 
volved in the plane of A, 
of course N^o. 1 image will 
remain still, and No. 2 and 
subsequent images will re- 
volve with the minor 
round No. 1. 

If we exaggerate the 
wedge shape of our mirror, 
we can see that at a par- 
ticular angle these images 
can be made to superim- 
pose. In fig. 156 let the 
signs be as before, and the 
images whose rays pass re- 
spectively from 0 to 1 and 
2 ^ will be reflected to E as 
one image. The images 
vary in size owing to the 
various distances. No. 2 
is the brightest except at 
Fig. 155. great obliquity. 

In practice we find that 
these images may be obvi- 
ated by rotating the mirror 
in its cell until a certain 
point is reached where all 
the images will be super- 
imposed. All mirrors should 
be so mounted as to admit 
of this rotation. 

The present Editor is 
greatly in favour of the em- 
ployment of a rectangular 
pi'iem cut with care and precision. We get by this means total 
reflexion and no double reflexions ; and he believes that finer images 
can be obtained by its means than with the plane mirror. It may 
be mounted in the place of the plane mirror — that is to say, the 
concave miiTor may be as usual in its cell — and in the other cell, 
which would have received the plane mirror, the rectangulai" prism 
may be mounted and be capable of rotation as the plane mirror 
would have been. 

It should, however, be noted that this applies only when the 
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light is required to be reflected at an exact right angle. It is of the 
greatest service when the microscope is of necessity used in a rigidly 
upright position. 

If it be used for angles other than right angles, there will be 
refraction as well jis reflexion ; and as the necessary decomposition 
of the light into a spectrum will accompany the refraction, cai*e must 
be exercised to see that the rays emerging from the prism are at 
right angles to those incident to it, and that the areas of the square 
faces of the pilsm ai*e sufficiently large to have inscribed within 
them a circle equal to the back lens of any condenser used. 

Some employ what has been known as a ‘ white cloud illuminator ^ 
that is, a disc of plaster of Paris, or opal glass with a polished 
surface . But a disc of finely ground glass dropped into the diaphragm - 
holder of the condenser will give a precisely similar result. 

Mr. A. Michael luxs, however, pointed out the cuiious fact that an 
opalescent mim'or becomes an inexpensive and excellent substitute 
for a polarising prism. 

Typical Modem Microscopes. — We aic now in a position to cai e- 
fully inspect the chai*acteristics of the chief forms of mici'oscope 
which the modeiai manufacturers of England, the Continent, and 
America offer to the microscopist. 

We confine ourselves to the chief models, indicating more or less 
suggestively their merits or defects. We neither discuss all the 
instruments of any inakei* nor in every case even one instrument of 
some makers. This would involve simple repetition in the main 
features. The reader can com})are for himself the microscope of any 
given maker from whose catalogue lie proposes to select, and can 
discover by comparison its incidence or otherwise voith the type 
given here to which it corresponds. 

Beginning with the highest types we place first on the list Potvell 
ami LealamT 8 No. I. This instrument may claim a seniority over 
all the foremost instruments, because for nearly fifty years it has 
priictically remained the same. All its piincipal features weie 
brought to their present perfection nearly fifty years ago, while all 
other microscopes dui*ing this period have been redesigned and 
materially altered ovei* and over again. This is no small commenda- 
tion, for during that period, as the reader so well knows, the aper- 
tures of objectives have been enormously enlarged, and with this 
has come a great increase of focal sensibility. As a result the 
majority of the mici oscopes of forty years ago are absolutely useless 
for the objectives of to-day, but the focussing and stage movements 
of Powell and Lealaiid’s microscope still hold the first place. 

Fig. 157 represents the instrument in its monocular form. The 
foot of the stand is a tripod in one casting ; it has an extended base 
of 7 X 9 inches, forming at once the steadiest and the lightest foot 
of any existing microscope. The feet are plugged with cork, and 
when the body is in a horizontal position the optic axis is (as it 
should be) 10 inches fi om the table. 

The coarse adjustment is effected by a bar, consisting of a mas- 
sive gun-metal truncated prism in foi-m, which bears only on a 
narrow part at the angles. It extends sufficiently to focus a 
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4-inch objective. The arm which carries the body is of unusual length 
for the type it represents ; but this gives a large radius from the 
optic centre of the instrument, and makes the complete rotation of 
the stage easy. Great efforts have been made to accomplish this in 
other instruments. The older E-oss form from the shortness of the 
arm only allowed of a two-thirds rotation, and in the Lister model 
many different devices have been tried, the latest being the placing 
of the stage pinions in a vertical position {ibove the stage, which is 
an unquestionable error. 

The rotation of the stage in the Powell and Lealand model is by 
means of a milled head most conveniently placed, and the divided 
circle is on a plate of silver.^ It will also rapidly rotate by hand. 

The, arm is on a pivot, which allows it to be turned away from 
the stage altogether, and, as we have already indicated, the length 
of the arm lent itself to the use of a longer lever for the fine adjust- 
ment (p. 174). The milled head is placed behind the strong pivot 
of the arm, where vibration is impossible, and it is in an easy and 
natural position for the access of either hand. 

The body may be, with great ease, entirely removed from the arm ; 
this makes the use of the binocular or monocular body or of a short 
or long body a matter of choice, while it gives access for cleaning and 
other purposes to the nose-piece tube, as well as for the insertion 
and focussing of the lens used with an apertometer,^ or an analysing 
prism. So also it is of service in low-power photo-micrography. 

We have already leferred to the stage of this instrument ; 
but it may be briefly stated that it is large, has complete rotation, 
it has one inch of rectangular motion, being graduated to the 
inch for a finder. There is the same speed in the vei'ticjd and the 
lateral movements, and the pinions do not alter their positions. The 
aj)erture of the stage is amply large. 

The ledge of the stage has a stop placed on its left-hand 
side ; this is held by a. screw, but is removable at jdeasure. 
Two massive biuckets under the stage remove all possibility of 
flexure. 

The sub-stage has rectangular movements by screw in either direc- 
tion, as well as a rotary movement by pinion. The coarse adjust- 
ment is by rackwork, and a fi.ne adjustment is added when desii ed. 
Fig. 158 illustrates this stage, showing its under side in ordei* to 
enable the fine adjustment to be seen. 

The vertical and upper horizontal milled heads are centidng 
screws, acting at right angles to each other, while the diagonal screw 
to the left is the milled head, which causes the stage to rotate, the 
whole acting with great smoothness and accuracy, also enabling the 
operator to centre with complete precision, while, as we have 
already seen (pp. 187 and 196), the milled head A woiks by an 
advancing cone the fine adjustment to this stage. 

The mirror is plane and concave, with double-jointed arm. 

The finish and workmanship of this instrument are of the highest 
order. The seen and the unseen receive equally scrupulous care. 

1 This is now made of platinum if desired, and thus tarnish is obviated. 

^ Chapter V. p. 887. 

o 2 
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The present Editor has had one of these microscopes in constant, and 
often prolonged and continuous, use for over twenty yeai's, and the 
most delicate work can be done with it to-day. It is nowhere 
defective, and the instrument has only once been ‘ tightened up ’ in 
some parts. Even in such small details as the springing of the 
sliding clip — the very best clip that «in be used — the pivots of the 
mirror, and the carefully spruiig conditions of all cylinders intended 
to receive appiratus, all are done with care and conscientiousness. 

An instrument of this kind may be made to appear perfect to 
the eye, but at the siime time may lack some most important elements 
as a finished instrument. But this is an instrument of the highest 
ordei’ as such, and at the same time a very fine specimen of highly 
finished brass woi k. 

A note must be made befoi*e 
leaving this mici'oscope upon the 
size of the tubes in the body and 
the sub-stage. 

Powell and Lealand were the 
only makeivs whose gauge of 
tubing had a raison (Vetre ; the 
size of the tube was such that it 
would take in a binocular body a 
Huvghenian 2-inch eye-piece, 
having the largest field-glass pos- 
sible. The size of this field-glass 
depemls on two factors. 

1. The distance between the 
centi'cs of the eyes. 

2. The mechanical tube- 
length. 

Fig. 158 . — Powell and Lealand’a sub-stage order that the binOCuLu 

with fine adjustment ( 1882 ). may suit persons with ‘ narrow 

centres’ to their eyes, the dis- 
tjince between them should not be greatei* than 2\ inches. The 
mechanical tube -length is inches for the standai*d tube. When 
the eye-pieces w^ere ‘ home ’ in their places in the tubes they j ust 
touched each other, the inner sides of the binocular tubes being cut 
away; so under the above conditions a larger field than is thus 
obtained is simply impossible. The size of the field-glass deter- 
mines the size of the eye-piece, and that was made to fix the 
diameter of the body-tube. 

Very wisely these makers made the tube of the sub-stage the 
same size, so as to have one gauge of tubing thi’oughout. This 
allows a Kellner or other eye-piece to be used as a condenser, thus 
reducing the number of adapters. 

Lately this firm have altered their sub-stage tvibe to a gauge 
recommended by the Boyal Microscopical Society. This involves 
an adapter where the sub-stage apparatus was adapted to the old 
gauge, or when an eye- piece is used as a condenser ; as the size is 
too large for a binocular. 

TJie Rose models in its completest form as left by Andrew Ross, 










T. BOSS’S MICBOSCOPE 


except specially ordi'KMl is never made by tin's finn, 
qualities and liistovical relations it is of mueli intc ri 
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which was without arrnugement for rotation; and tlic mirror was 
not joiiitcMl. The mot lei of T. Hoss had, as will he seen, a bar move- 
ment, witli a foot formed of a triangular plate to whic;h were boltial 
two })arall('l upright plates to ciirry the trunnions of the microseo])e. 
Tlie fiiK/ adjusliiient is a lever of the second order, with the milled 
liead in the middh‘ of the bar, which involves tremor, and the tube of 
the nose-piece is short, making shake possible. 

The stage movements are of unequal speed, the lateral move- 
ment being si owfo- t ban the vertienl. There is no tinder, and the 

i-otation of the stage is 
but partial. The sub- 
stage Jind mirroi- ai*e 
good. It was a com- 
manding instrument in 
its day, and was of ex- 
<*( d len t workmanshi p 
ajid finish; but it was 
not equal to the strain 
of critical work with im- 
mersion objectives of 
great apeidure . N e ver- 
theless the defects of tliis 
stand could have been 
readily corrected. With 
a moi‘e extended base, a 
better ai*rangement of 
the fine adjustment, a 
mechaniciil stage con- 
structed on better prin- 
ciples, and the rotation 
made complete and con- 
centric — which it was 
not — this would have 
been, even for our pre- 
sent requirements, an 
admii*able instrument. 

This important fii in 
were otherwise advised, 
however ; and, instead 
Fig. 160.— Ross-/ientmayer model (1878). of correcting the errors 

of the instrument whose 
history they imd made, they designed an entirely new model in which 
a Lister limb \N as substituted for the bar movement. Fig. 160 illus- 
trates this form of the instrument, from which it will be seen that the 
foot also was changed for the worse ; the base was not sufficiently 
extended, and the hinder pai't of the foot was too huge, so that it 
sometimes i-ockial on four points, because the hinder part was too 
wide — a fl.it sm-f.-u-i*, in fact. A trna tripod w ill stand firm on an 
uneven taljle, but this form will not. It is a foi'ui frequently used by 
various makers now, and is known as the ‘bent claw.’ It is a bad 
design, and may be, as it has been, easily thrown over laterally. It 
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was, however, eventually cast in one piece, which gave it a solidity 
which the former did not possess. 

The introduction of the Lister limb brought its inevitable 
troubles — notably, with the fine adjustment — to which we have fully 
referred under that head. But in the Ross-Zentmayer model, a 
later form, the body and the coarse adjustment were both carried by 
the fine-adjustment lever and screw. 

This form could not — as it did not — long })revail. Its existence 
was ephemeral, and in its place was put a modification of the form 
devised by Zentmayer, known subsequently as the Ross-Zentmayer 
model. This was the Ross- Jackson instrument with a ‘ swinging 
sub-stage.’ This instrument is illustrated in fig. 161. It will be 
seen that the foot is a true tripod, consisting of a triangular base 
with two pillars rising from a cross-piece, which carried the trun- 
nions. 

Here it may be as well to point out the differences which exist 
between the three great types of microscope, viz. the bar move- 
ment, the Lister limb, and the Jackson limb. In the bar movement 
we find a transverse bar uniting the lower end of the body to the 
coarse adjustment bar (figs. 157, 159). In the Lister the body is 
supported through a greater or less portion of its entire length, 
the limb being formed of one solid casting (figs. 160, 161, 162, 167). 
In the Jackson the dovetailed gi*oove which carries the sub-stage 
slide is included in the casting, and the groove for the coarse ad- 
justment of the body, as well as that for the sub-stage, is ploughed in 
one cut (fig. 165). Jackson also designed the (louble pillar foot 
(fig. 161). 

'W e have already assessed the value of a swinging sub-stiige and 
found that in our judgment it is at best redundant and really 
adverse to the accomplishment of the best scientific work.^ No 
microscope is complete without a good condenser ; all and much more 
than all that can be done by a swinging sub-stage can be done with 
a slotted stop at the back of the (*ondenser. This elaborate appen- 
dage is therefore without justification. Yet in the impatience for 
large illuminating apertui-es, which were not at that time j^icovided hy 
condensers, this phase of pseudo- illumination was airried to a still 
greater and more elaborate development in the production of a con- 
centric microscope. This was a Ross-Wenham, known as the radial 
microscope. But elaborate and costly as it was it never justified its 
existence, and like the whole group of ‘ concentric ’ and ‘ radial ’ 
microscopcKS, it has passed away simultaneously with the abolition of 
‘ oblique illumination,’ and is to-day a not veiy interesting curiosity 
in the history of the modern microscope. 

A large and extremely well-finished stand is made by Messrs. 
Watson, known as the Yan Heurck microscope in its best form : it is 
illustrated in fig. 162. The body has two draw tubes, one of which 
is actuated by rack and pinion, and the other sliding inside it so 
that a range of body length varying from 142 mm. to 300 mm. can 
be obtained. The coarse and fine adjustments have very wide 
bearings, and the exact relationship of the pinion to the rackwork 

1 P, 188 et seq. 
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is (‘stal)HsluMl l)v lueaiis of’ a Llock of motal winch fits upon the 
pillion shaft and is prt'sscd ov vclcascMl hy nutans ot th(‘ two sci’cws 
providiMl toi- tlu' purpose, 'fliis is sliown in siuTion in (i_i;‘. 1 ()M, 
wduni' llic pinion is P, the anti friction block X, and one ot the 
adjustinu- screws M. The perspi'ctivc \ itwv of the coarse adjustment 
show ing the adjnstinii- screws is given in lig. lf)4. 

TIh' stai^e can 1 le completely rotated and has mechanical move- 
nunits on tlie d’nrridl ]iriiu‘iph\ hoth milled heads being on one axis. 
Tlu‘ sub-stage lias a line* adjustment, an<l tin* jilane mirror is car<‘- 
fully worked by liand, while exceptional rigidity for the whole stand 
is olitained by a special system of construction, anil the tripod, which 
is shod with (*oi‘k, has a sprearl of tmi iuchc's. 

A high-class stand of ilistinguishiMl nuM-it is made by the firm of 
Baker ot llolborn. It is illustrated in (ig. Kir), is made* witli gri'at 



Fig. 164. — Complete view of Watson’s coarse adjustment (1895). 


care and is an instrunuait of jiri'cision. It is mounted on a solid tripod 
w ith slotted toes so that it can lx* lirmly clamjied to the baseboard 
ot a phot o-mic-rogra phic apparatus. The l)ody is mountiMl on a nias- 
si\(‘ limb in one jiiece throughout, and on to this the stage and 
sub-stage are mounted; in this way the chance of derangement of 
the optic axis is riMluciMl to a minimum. The body has diagonal 
rack and pinion coarse' adjustment actuated by very large milled 
lu'ads, niaking a slow mo\ement easy. The fine adjustment carries 
till' body tiiiie only (‘acli revolution of the graduated milled head, 
Ix'ing ('<jual to tla' <>f an inch ; tlu^ Canijibell diffenmtial screw 

being t'liiployed. and the milk'd lu'ad b(‘ing plac('d at- the l()W(*r end 
of the body. The bod\ can be ext ('ink'd to 300 mm. and closed to 
150 mm. The mechanical stage is worked on the Turrell method 
by stationary milled lu*ads woikiiig on a common centre commanding 
obli(pi('as well as r(*ctangular movements ; the rectangular movements 
on divided silvei- plat('s lor ix'coi-ding j)ositions ; and complete I'ota- 
tion can Ix' secmxxl. either by hand or by rack and pinion, and can 
be at any point clamped. 

The sub-stage lias rectangnlai* nu'chanical movements controlled 
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by fix6(l millrd IknuIs. .iiul all ar(‘ sprini^ and lia\o adjusting 

screws to coiri|i(aisnt(‘ for wear, and tine adjust incut by Campbell diffe- 
rential screw wliieli Mr. Kaker adopted for these microscopes in 1888. 



Fig. 165.— C. Baker’s Model (1895). 


Swift and Son formerly made two instruments of the first class, 
OIK' having a bar movement similar to that of Andrew "Ross, the 
olJici’ :i bister similar to Hecks, ddu' [)rinci])al dilli'reiice was that 
the foot was of the ‘ bent claw’ form. We have alri'aily seen that 
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by their invention of the vertical lever fine adjustment (figs. 133 and 
1 35) Swift and Son have made possible a useful future for the Lister 
limb ; and their model of this form is shown in fig. 166, known as 
the ‘ Best “ Challenge ” Microscope.' It has a beautifully made coarse 
adjustment, the special fine adjustment invented by this firm, a cir- 
cular rotating stage moved by rack and pinion or by hand, and is 
provided with divided silver plates to the rectangular movement. 
The sub-stage is complete for centring as well as focussing, and has 
rotary movement for use with polaiiscope. The stand is a firm 
form of tripod, and the mirrors are well worked and mounted on a 
double crank. 

All the movable parts of Swift^s instr uments are sprung on Powell 
and Lealand’S method, and the movements are smooth and sound. 
Many stands had been devised by American opticians up to the time 
of the publication of our last edition of this work, but they were 
based upon one or other of the great English models, and the modi- 
fications, whether for* good or evil, were adopted into the then modi- 
fications of the older English types, and were incidentally described. 
It should be remembered that Zentmayer, of Philadelphia, devised 
the model from which the Ross-Zentmayei* was finally formed. Its 
principal feature was to obtain oblique illumination in one azimuth 
by the swinging stage which we have em})hatically shown in this, as 
we did in the last edition, to be a pernicious adjunct for jjractical 
purposes. The fine adjustment of this instrument was most defec- 
tive, Tolies, again, who wholly deserves the very high reputation he 
attained, made an instrument in which he mounted the stage on a 
disc ; near the edge of this disc the sub-stage is made to travel irr a, 
groove carrying the condenser, or dry comlhnation, in an arc round 
the object as a centre. This was only another elaboration of the 
same swinging sub-stage. 

In later constructions of this form, Tolies fir*st used the mechanical 
stage actuated by tw'o pinions vertical to the surface of the stage, 
and subsequently adapted Iry Ross. The fine acljustment in this 
instrument had the fatal defects characteristic of its form. 

Bulloch, another American makei* of note, made some modifica- 
tions in the Zentmayei* model, but they were in the interests of the 
swinging .sub-stage, and, although no doubt ingenious, must pass 
with this transient form of the microscope. 

A modification of this stand was devised by Bulloch ; it pi esents 
no special point, save the employment of a Gillett condenser with 
the diaphragm drum above the lenses ! 

A later development of this form of instrument by the same 
maker was made some years after, but the chief diflerence consists 
in the adoption of a stage in which the milled heads stand upon 
the stage, which is the reverse of an advance. Since, however, the 
swinging sub-stage form of instrument has been entirely superseded, 
American makers have adopted, with very slight modifications in 
form, none in principle, the Continental stand, which is made with 
admirable precision and conscientious care, but still retains its chief 
features. It may therefore be of service to consider the principal 
recent modifications of the Continental stand, so that they may be 




Fig. 166.— Swift’s best challenge mieroseope (1881). 
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fairly compared with equally recent American adaptations of the same 
microscope; and then endeavour, after examining instruments of 
a lower class, to give a dispassionate estimate of this model as com- 
pared with that of the highest-class English type. 

Amongst Continental makers the firm of Zeiss has taken a fore- 
most position and has secured a well -deserved world- wide fiime. 
Their largest microscope is shown in fig. 167. It is a model of fine 
workmanship and has been adapted with singular ingenuity to the 
reception of all their accessory apparatus. The upper body is 
inclinable from the vertical to the horizontal position. It is 
provided with coaivse rack-and-pinion adjustment, and fine adjust- 
ment by means of a direct acting micrometer screw with divided 
head. The sub -stage takes all the appai-atiis provided by this firm, 
and in addition it may, by means of a small lever, be swung out of 
its central position, ‘ so as to fiicilitate rapid transition to illumina- 
tion with the cylinder-diaphragm,’ while below the condenser is a 
movable iris diaphragm fitted with a rack-and-pinion movement to 
throw it out of the centie, and which can be I'otated about the axis 
or entirely swung out. 

The cii'cular object stage rotates (not by lack and pinion), but 
has centring screws. The aperture in the stage has received a 
more oval form. The rack-and-pinion rectangular movements are 
1^-in. vertical and 2 -in. lateral; the milled heads are small but 
efficient and work smoothly. That for transvei'se movement being 
phiced upon the top of the stage. 

Reichert, of Vienna, makes a .stand which in the main coi*- 
respoiids with that of Zeiss, and we are enabled to speak with 
confidence of the high quality of the workmanship ; but in illusti-a- 
tion we choose not the 1a .stand but the large stand known as 11b, 
an illustration of which is given at fig. 168. Our object in choosing 
this instrument is that it combines every essential of the 1 a stand, 
and in addition is furnished with the new lever fine adjustment, 
invented so recently by Reichei-t, and of whose value we have 
already given our judgment. It will be seen that on the part of the 
body which the fine adjustment milled head ci'owns there is ii 
protrusion on the right and left hand side of the pillar. This is the 
only addition outwardly that the new fine adju.stment makes needful . 

A very high-cla.ss microscope is made by Leitz of Wetzlar, which, 
while it retains the principal features common to all microscopes 
based on the Continental model, has yet qualities peculiar to itself, 
and obtains by means of workmanship and ingenuity the mo.st ad- 
mirable results attainable from the model on which it is based. It 
is inclinable with a hinged joint and clamping lever ; and the stage 
is provided with a revolving centring table. The mechanical stage 
is the ‘ attachable ’ one ah-eady described, and the adjustment of the 
objective is by rack-and-pinion coarse adjustment, and by a fine 
adjustment depending on a micrometer screw provided with a 
divided screw head. The di*aw-tube is furnished with a millimetre 
scale. The sub- stage is planned on the principle of the Zeiss 
instrument and will receive the illuminating apparatus as devised 
by Abbe, which is worked by rack-and-pinion adjustments, which 
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) raise and lowci- th(‘ iias di 
i(|U(‘ or ercentric inovianent 


i ]>ossii)le 
)djective.s 


Fig 168.— One of Reichert’s large stands (Ilb) with new lever fine adjustment 
fitted (1899). 





Fro. IfiO, — Leitz’s moat complete stand (1893), 
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aiui eye-pieces that give it magnifying powers ranging from 15 to 
1,500 times. This instrument is shown in fig. 169, and with the two 
stands immediately preceding it furnishes us with a fair view of 
the principal and latest types of the Continental microscope fitted 
with the apparatus essential to the production of good work. 

But another most interesting model of Reichert’s has just been 
finished which, from its size and approximation to the English 
stand in some important points, we are constiained to notice as 
these sheets are passing through the press. The instrument is 
illustrated in fig. 169a. The height of the stand in the position 
illustrated is 16^ in. The distance between the foot and the stage is 
3 J in. The sub-stage is provided with centring screws, and is raised 
and lowered by rack and pinion. The mirror cjin be i-eadily moved 
towards or away from the sub-stage or can be entii*ely removed. 
The tube length with both tubes (A A') extended, including the nose- 
piece, is lOi in. The stage is mechanical, and the cii cle is divided into 
360 degrees ; both the horizontal and vertical motions of the stage have 
scales read by verniers. The object is fixed on the stage by s]n ing 
fittings. The fine adjustment has two speeds of motion by two screws, 
the one 0*3 mm., the other 0*1 mm. per revolution, shown at M M'. 
The draw-tube has a divided scale and is moved by rack and pinion. 

We may now with advantage consider the diflei'ent classes of 
microscopes manufactured by the opticians of Europe and America. 
To do this without prejudice and with efiieieney it is necessaiy to 
designate the characters which should distiiiguisli each class. 

Microscopes placed in Class I. possess — 

1. Coarse and fine adjustments. 

2. Concentric rotation of the stage 

3. Mechaniciil stage. ' 

4. Mechanical sub-stage. 

Class II. 

1. Coarse and fine adjustments. 

2. Mechanical stage. 

3. Mechanical sub-stage. 

Class III. 

1. Coarse and fine adjustments. 

2. Plain stage. 

3. Mechanical sub-stage. 

Class lY. 

1. Coarse and fine adjustments. 

2. Plain stage. 

3. Sub -stage fitting (no sub -stage). 

Class Y. 

1. Single adjustment (coarse or fine). 

2. Plain stage.' 

3. With or without sub -stage fitting (no sub-stage). 

This classification applies also to portable microscopes. 

The recent microscopes of the best American makers are 
characterised by the highest quality of woi-kmanship and abundant 
ingenuity, but the Continental model is confessedly made their founda- 



RECENT AMERICAN MICROSCOPES 


21 1 



tion. Ill tile Inst (‘ilitioii of tins work it was slu»\\ n tlint A inrricnn 
opticians inndo tlnn'r tlrst-clnss inicM-oscop<‘s with s\\ in^iiiLi- sii) »-stn_ii'os, 
and we tluni pointiMl out tliat tliosc' wei’e not onls- witlioiil xnluo. 
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but injurious to the best work possible to a good instrument. In 
the interval the swinging sub-stage has been given up, even by its 
most ardent advocates ; but at the same time in the majority of 
cases they have abandoned the sub- stage propei- and adopted the 
Continental condensei* fitting instead. In fact, the American 
opticians have chosen almost exclusively, as the? basis of their stfinds 
of every class, tlie microscope that has been so long in vogue on 
the Continent of Europe. 

It will sufiice to take examples of the unexceptionally beautiful 
work of the two leading opticians of Americji — The Bausch and 
Lomb Opticjil Company and Tlie Spencer Lens Company. An 
illustration of the best instrument, known as the ‘ Crand Model,’ of 
the former -of these opticians is given in fig. 170. It is designate<l 
a ‘ Continental Microscope,’ but is not a mere copy of the best woik 
of Germany or France. The body-tube is large, and the horseshoe^ 
base, of Continental fame, is said by the makers to be improved by 
the ^ back claw ’ being })rolonged ‘ so as to virtually form a, tripod 
base,’ and it is commended as ‘ extex heavy.’ J^^rom tln‘. figui’e, how- 
ever, it would appear to be the extra weight rather than a pro- 
longed claw that imparts the steadiness. The body is suj>ported 
on a pillar of two massive columns. The stage is large, and rotates 
with centring screws. ‘The heads of the centring screws are 
provided with graduations and index, and with a sei’ies of lines 
recording the number of revolutions of the sci'ew,’ so that the 
position of any given object maybe recorded and thus be refiuTed to 
again if the microscope should have been used for other work in tlie 
interval. The mechanical stage is worked by one milled head at 
the side and the other at the top of the stage, the latter position (as 
we ])ointed out in the last edition of this book when refei*ring to th(‘ 
Tolies mechanical stage) being one in which the efficiency of the 
mechanism is leduced to its lowest value. We have long advocated 
the adoption of Turrell milleil heads as emjdoyed in Powell’s NTo. 1 
stand ; they give the woiker powder to effect not oidy rectangular 
but diagonal movements, and, without displacing the fingers, to 
work the stng<^ in all dii-ections. We are [)1 eased, as we have 
pointed out, to note that the eminent firm of Zeiss have adopted 
these in their best stand (fig. 139). 

The sub-stage is composed of three parts, arranged one above the 
other. This sub-stage, with the parts sepaiuted to .show their 
construction, is presented in fig. 171. The upjier part is a ring- 
carrying a removable iris diaphragm, so arranged as to come 
directly into contact xvith the under part of the object slide. The 
middle section of the sub-stage is movable vertically on the main 
sub-stage axis, and carries an Abbe condenser of 1’20 N.A., which 
can be swung laterally to the left of the instrument so as to put it 
out of optical use ; but on the other hand it can at will be thi own 
back into position and placed in oil contact with the object slide with- 
out altering the position of the upper iris diaphragm. The third and 
lowest section of the sub-stage carides the large iris diaphragm used 
below the condensei*. Thus it is clear that the whole can be used 
together, or any one of the three sections can be worked separately. 







Fig. 171.— Baiiscli and liomb’a Hul>-.stago, separated to .show constriiction. 


and happily worka'd into rounded edges in tlie instriinients of these 
distingiiislied niMkors, :iu«l. \s a* may a<I<l, w illioiit the sliglitest loss 
of that appearanc'e of high liuish whieh has always been correlative^ 
with the manufacture of microscopes. 

If we now look at thel^o. 1 .stand of the Spencer Lens Com|)any, 
of Buffalo, N.Y., we shall find again that the model of Oberha usci- 
is adhered to and t]i(‘ instrument is of the third class. Tliis 
microscope is illustrated in fig. 172. It is beautifully inadir and 
tin* hoi'seslioe base l>as a still longer ‘ claw ^ than those of Ba use h. 





mm 
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to give the stability required iu utilising flit* liiiigid joini for 
inclination of the body, whicli staiuls on a strong nni.il pilhi]*. 
The sub-stage is movable by a <jnick screw; in oilioi- rc.iiurcs it 
resembles the majority of the microscopes of the typi' to ss liidi it 
belongs; it is, however, distinguished by rounded in contrast 
to sharp and pointed corners and t^dges ; and, although llic forni 
presented has a plain stages uith clips, it can be fuiaiislu'd with 
a circular revolving centring stage, or with an * atiaclinhlc ' stage 
made by the Spencer Lens Company, having all the ad\aniagcs of 
the several forms of these pieces of apparatus aha'ady dcsscribed. 


We note with some surprise that such accom|)lish(‘(l manu- 
factur(‘rs and opticians haxa* indicated, so fai- as w<* can discoM'c. no 
ad\auc(‘ in theii' sid)'Stag<‘ coinhuista* Ixw'oiul that of the now o Id 
achioniatic of Al)b(*. and that t hcr(‘ is no (widiauM' Ixd'oix* ns otlladr 
cniphwiuent of a sid) stage line adjust incut, both of which ha\(* Ihhui 
found of such great jaactical value in Knglainl. and w hicii ha\ (‘ lu'cn, 
as wc sliall shortly show, ado|)ted tor ti»(‘ nioi-(‘ la it deal ndiaoscopical 
work by the Messrs. Z(dss, t lu* h'ading o|)tical firm of the ('ont ineiiL 


Fin. 174.— Baker’s Model, No. 2 (18‘JH). 
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Second-class microscopes are made in great variety by English 
makers. 

One of the finest examples of this class of microscope at present 
brought within the reach of the average student’s means is that 
known as the ‘ Edinburgh Student’s Microscope H,” ’ by the firm 
of Watson and Sons. It is the most complete of .a series of similai* 
stands varying in cost and completeness. It is illustrated in 
fig. 173, where it will l)e seen that it has the first prime requisite, a 
rigid foundation combined with lightness — a tripod having a spread 
of 7 inches — and it is also possessed of a well -constructed mechanical 
stage which is built with the instrument, an advantage ovei* the 
best ‘ attachable ’ stage. 

It is essentially a student’s microscope, and although of so low a 
price is not only a specimen of the best workmanship, but is also 
extremely complete and represents an advanced type of construction 
capable of doing all ordinary and much experimental work. 

Belonging to this class is an instrument by Bakei’ known as 
his Model, No. 2. It is smaller than the * A ’ stand of the same 
type and is simplified, but is capable of doing tlie most refined and 
criticjil work. It is illustrated in fig. 174. The coarse and fine 
adjustments are the sjime. The mechanical stage has rectangulai' 
movements of one inch ; the TuitcII arrangement is not adopted ; 
but the whole stage can be i*otated through an arc of 300°. The 
sub-stage ha-s diagonal rack and pinion focussing movements with 
centring screws, and can be supplied with every improvement 
applying to the adjustment of the sub-stage. Taking this instru- 
ment as a whole — the thoroughly practical chaiacter of the model, 
the high quality of the woikmanship, the fact that it will take all 
the optical apparatus of the best model, ami that all fittings are 
sprung and possessed of adjusting screws to compensate for wear — 
we ha\'e in this microscope one of the very best of its class. 

Powell and Lealand make an instrument of this class, having 
a qiiality of work not second even to theii* large stand. It is 
illustrated in fig. 175. The tube length is the same, but the stage 
and the foot are smaller than in the laige instrument. There is 
no rotary movement to the sub-stage, and its centring is done by 
the ci'ossing of sectors and not lines at light angles ; but this is in 
no way a defect. All the movements and adjustments are other- 
wise as in No. 1 . 

Baker, of Holborn, makes a veiy admirable and useful instru- 
ment of this class known as his D.P.H. microscope, No. 1. It 
has a diagonal rack and pinion coai'se movement, a micrometei* screw 
and lever fine adjustment, giving a movement of ^ of an inch for 
each revolution of the milled head ; a draw- tube, every 10 mm. of 
which is engraved with a ring, extending to 250 mm. and closing 
to 150 mm., thus allowing the use of either English or Continental 
objective.s; it possesses a mechanical stage giving a movement of 25 mm. 
in either direction, graduated to \ mm. ; the milled head of the trans- 
verse motion is below the level of the top plate, and as the other is 
removable large culture plates can be examined, the distance from 
optic axis to limb (2J in.) allowing of their easy manipulation ; the 
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top plate is provide! 1 with a<]jus<.Ml)l(‘ siep^. se tliat the (‘('litre of 

a 3 X 1 or 3x 1 J, >li]) is identical witli tlie o|)1ie axis wlaai hnlli 
the rectangiiLir nioxniM'iits are at 1 he cent r<‘ ot their ti-a\el. 1 jins 
enabling any desin'd tii'hl to lx* la'CordcHl ; the stage elijis are 



moiint(^(i on two of tlies(>! sto])s, all of wldeh ai'e removable ; 
a centring snti-stage ot nni\('rsal size (1‘.)'27 in.) with <]iagonal rav*k 
and pinion focussing adjnstinenl, jilani' and concave mirrors; the 
whole mounted on a solid tripoil stand, with a, bracket to support the 
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iiistriiiTK'iit in a liorizontal position for photo- mierogiuphic w6rk. 
The microscope is illustrated in fig. 176. 

A modification of this instrument was brought out as these 
pages are ])assing through tlie ])ress, which is entitled to rank as a 
first-class insti llment. It is known as the H. M.8. 1-27 gauge 

microscope, and is illustrated in lig. 177. It has a diagonal rack 
and pinion coai’se movement, and a micrometei- >iae\v and lever 
fine adjustment giving a movement of 0*11 mm. (.,.1- in.) for each 
revolution of the screw , tln' inill(Ml h(‘ad of which is divided into 



Fig. 176. -^Baker’s D.P.H. stand No. 1 (1899), 


ten })arts, each division being numbered. It also possesses two draw- 
tulies engraved in mm., (w ery timth numbered, one of whieli is 
pimdded witli rack and [liiiioii adjustment, so that objecti^ es may 
be corrected for the thickness of the cover glass, A^c., by the alteration 
of the tube length ; these draw-tubes extend to 250 mm., and clo.se to 
120 mm., either English or Continental ohjict i\ a s can Ix' used ; this 
inici’oscope lias a rotating meelianical .stage giving a inovmnent of 
25 nmi, (1 in.) in either diria'tion giaduated to ^ mm. (A) in.); 
the milled lusad of the transverse motion is below the level of the 
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top plate, and the other lu^inii’ reinovahle n larun Hat stau(‘ Imh'ohu's 
available if recpiired ; tliv toj* ])lat<‘ is proN'idt d with tlnve .stops, 
adjustable, so that the centi'c of a 7() uim. x'2^) min. in. x 1 in.) 
or 76 mm. x 38 mm. (3 in. X 1 in.) slip is idmitical witli tin* optic 
axis when both the rectangular inovcnnmts arc at tlu‘ ccutrt^ of tlu'ii- 
travel, thus (nialiling any desired held to be lecorded ; the stage 


clips are luountcd on two of these stops, all of which ar<‘ rcniovabli*. 
It has a centring siil)-, stage provided with diagonal I’ack and jiinion 
focussing movement, and a ti in' adjustment, the milled liead of which 
is so placed that both ad just ineiits can be conveniently contiol led 
witliout shifting tlic hand, and it is jirovided with plane and con- 
cavT^ luirro) s. and tin' niicro.scope is mounted upon a solid tiipod 
stand, with a bracket to support the instrument in a horizontal 
position for photo-inicrographic work. 


Fig. 177.— Baker's R.M.S. 1’27 gauge microscope (1900). 
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Fig. 178 a.— Reichert’s ‘Austrian’ Baugh stand (189'.)). 


is Ly micToiiieter screw; the weight ot tlu' body is d.ibiiiccd, tlie 
makers tell us, bva s])ii‘al spring which, thuy lHdi('\'(\ sublets tb<' tine 
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micrometer screw only to the friction of the adjustment — and, of 
course, it is to be noted that the screw is not an extremely fine 
one ; and the makers have evidence of the durability of the adjust- 
ment, as after five years of use they have had no single instance of 
its breakdown. The coarse adjustment is by diagonal rack and 
pinion the draw-tube is graduated. It is beautifully made, and is 
by no means an expensive instrument. We illustrate it in fig. 178. 

A well-made and remarkable little instrument of the class we 
are considering is manufactured by Reichert, of Vienna, known as tlie 
Austrian stand. It is illustrated in fig. 178a. It is the most 
modified of all the microscopes we know based on the Continental 
model ; it certainly approximates in several points to the English 
type. It has a specially extended and steady horses! loe foot, and is 
the only strict Continental form with the axis so liigli uj^. The re- 
sult is that the body is ])alanced when in a, horizontal position. The 
coarse adjustment is by spiral rack and pinion with milled heads. 
The fine adjustment is Reichert’s recent patent, giving extreme 
delicjiey to the moA'ement, and having a. movable pointer, for 
reading divisions on the micrometer screw. It is provided with a 
double rack draw-tube shown at B, it carries the Abbe condenser ina 
sub-stage that focusses by a screw at the side, and centres by the 
screw-heads, «, a! , In its most complete form it is remarkably 
low-priced, and certainly will meet a demand, especially as the 
English method of compensjxtion for wear and tear is ado})ted. 
This, indeed, is the case with all but the lowest-priced instruments 
of this maker, and we believe him to be the only Continental 
manufacturer who has adopted the sprung slots and screws ,so long 
used with success by English makers for compensating xvear. We 
should have suggested slotting the edges of tlie stage for sliding 
the object-holder or ledge, hut we learn from tlie maker that this 
is to be done in all future instruments; all but the smallest stands 
Reichert is willing to pi*ovide with English pattern sidj-stages 
fitted with centring screws of the .standard size, and condensers are 
mounted to suit these. 

Another instrument of the same class and general designation, 
made by Messrs. Watson and Sons, and distinguished as ‘ 0,’ is shown 
in fig. 179. It is identical in build with the C model, but the 
stage is plain, and it has only a tube fitting for a sub-stage appa- 
ratus; the workmanship is of the same order, the movements as 
delicate and true, the adjustments as reliiihle, but the price is only 
one-half that of the more complicated form. 

Amongst the same class of instruments must be phmed another 
by Messrs. Swift and Son. It is known as an ^ Improved Wale’s ” 
Microscope.^ 

Mr. George Wale, of America, devised in 1879 a ]>lan of great 
merit for the stands of microscopes. The ‘ limb ’ which carries the body 
and the stage, instead of being swuing by pivots — as ordinarily — on 
the two lateral supports (so that the balance of the microscope is 
greatly altered when it is much inclined), has a circular groove cut 
on either side, into which fits a circular ridge cast on the inner side 
of each support, as shown in fig. 180. The two supports, each 
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having its own fore-foot, are cast separately (in iron), so ns to meet 
to form the hinder ‘ toe,’ where they are held tog('tlu*v l)y n st rong 
pin ; while by turning the milled head on tlie right support thr 1 \\(» 


Fig. 179.— Watson’s Edinburgh Student’s; stand ‘Cr ’ (189B;. 

Q 
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;n t' (h nwn together by a screw, which thus regulates tlie ]ii ('ssuro 
made by the two ridges that work into the two gioovcs on 11 le limb. 
When this lanssniv is moderate, nothing can he more satisiactory 
than either tla* smoothness of tlie inelining movement or e 
hidaneing of I be instrument in all jiositions; while, by a slight 



Fig. 180. — Swift’s iiuprcn cd ‘ Wale’s’ microscope (1881 and 1883). 


tightening of tb(' screw, it ean be firmly fixed eitlier horizontally, 
vertieally, or .it miy iiicliii.Mt ion. The ‘ coar.se ’ adjustment is made 
by a smooth-woiking riiek ; the fine adjustment is Swift’s patent 
described on p. 172 (fig. 135), and the attachable meehanieal stage of 
this firm ca|^ be readily added (as in fig. 180), but in the best and 
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most complete form of l iu* iiisti-niiK'nl large mechanical stage is 
fitted, and sub-stage apparatus suppli(?d. 

Leitz, of W <‘1/lar, provides a very iisefid instrument of the same 


isl. Ticitz’s lA stand (IS'JS). 
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class. It has a tripod base on the English model, and is a thoroughly 
steady instrument ; it has rack and pinion movement to the coarse 
adjustment, and sub-stage ; the draw-tube has a mm. scale, and a fine 
adjustment of the usual Continental type, and all the latest adaptations 
for sub- stage illumination. The instrument in its simplest form is 
remarkably low-priced, and the more important appai*atus can be 
added to it as required. It is illustrated in fig. 181. 

Beck’s third-class microscope is shown in fig. 182. It has a good 
tripod foot with a single pillar. The Jackson model is used, but 
a peculiar fine adjustment is employed, the lever being placed below 
the stage, the position of the screw being immediately behind the 
pillar which supports the limb, and where it is easy of access. The 
body is not affected by vilmition when it is touched. The lever is 
of the second ordei*, an<l it draws down the body limb and coai'se 
adjustment. In fact, sjive in its fine adjustment, this form ap- 
proximates somewhat to the Continental model. The fine-adjust- 
ment lever is rathei- sliort, but it will l)e found to be much steadier 
and slower than the direct-acting screw. 

The stage is plain, without meclaniioil movements ; but it has a 
movable glass stage ovei* the principal stjige ; to this the slip is 
clipped, and the whole super-stage of glass is moved with ease 
over a, fair area. The aperture in the glass stage is not large 
enough ; it should be cut right through to the front, which would 
much inci’ease its usefulness. 

This instrument also lias a sub-stage with rack aiid centring 
movements. 

Bwift and Son’s earlier third-class microscope in its most 
suitable form dates from about tlie time of the vertical lever fine 
adjustment patentcal by that firm {q.v,) It was first made from the 
designs of Mi'. E. M. Nelson, and it presented three distinctive 
features ; — 

(1) The milled head of the fine adjustment was placed on the 
left-ham^ side of the limb. 

(2) The stage was of a horseshoe form, the aperture being 
entirely cut out to tlie front of the stage ; and 

(3) The body-tube, which was of standard size, viz. 8| inches, 
wi\s made in two pieces, whicli not only secured portability, but also 
permitted the use of both long and short tubes. 

This instrument is illustrated in fig. 135. It was also possessed 
of a cheaply made and fixirly good centring sub-stage, to cari'y 
Powell and Lealand’s dry achromatic combination fitted with a turn- 
out rotary arm to cari-y stops. The sub-stage was made by adapting 
Swift’s centring nose-piece, and providing it with a rack and pinion 
focussing arrangement, as illustrated in fig. 183. There was also a 
graduated stage-plate and sliding bar, a plan devised by Mi*. 
Wright for a finder. The eye-pieces were provided with rings, like 
Powell and Lealand’s, outside the tube to govern the depth which 
each should slide into the draw-tube, by which means the diaphragm 
is in the same place whatever the depth of the eye-piece employed, 
and it was constructed to do critical work with the highest 
powers. 




Fm. 182.— Messrs. R. and J. Beck’s third-class microscope (1888). 
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Another form of this inslrtniwut Iims more recently been iiiti'o- 
duced by the firm orcb.is. IJakei-, otMlobjorn, London. It ;ir<)s<‘ in 
a suggestion by Mr. Kelson t b.-it this form sliould be adsjited to the 
Campbell d( jjcrenti(d Hereto fine adjustment, making a good quality 
third-class mieroscojjc. It should be noted that the differential 
screw permits of slow action being obtained by means of coarse 
threads ; it is therefoi'e very strong. In the ordiniiry Continental 
form of direct-acting fine -adjustment screnv. if tlie motion is sloiv^ 
the thread must be liiaa Hence in forms w lien* tlu/ fine adjustment 
is made to lift the body, the difterential screw is of great value. 

Further, it prox csl on Dusting that the Campbell difterential screw 
was equal to the most eritieal work, and could be used in photo- 
micrography. As a result s(‘\(‘ial additions were made, such as 
rack and pinion focussing and riatangular movcnm'nts to the sub- 
stage and a raek-\voi-k arrangement to the draw-tube. Subse- 
quently a largei- and hoaxitu- instrument was made, having a J inch 
more of horizontal height. In this model the milled head of the 
differential screw is placed below the arm, instead of above it, which 

is an improvement for 
photo-micrographic pur- 
poses, and no special 
detriment in ordinary 
work ; and, if required, 
a difterential -screw fine 
adjustment can be fitted 
to the sub-stage. A 
rotary stage is also some- 
times put to this instru- 
ment, but those wliich 
we have seen have not 
given the aperture suffi- 
cient dimensions for 
modern focussing. 

This instrument in its complete form, as suggested by Mr. Kelson 
and devised by Bakei*, gave origin to an entirely new group of 
microscopes, which aimed chiefiy at supplying the student with 
relatively inexpensive instiuments, but which at the same time 
should posst‘ss all the qualities and be capable of receiving all the 
apparatus need ful for an efficient use of the microscope. One of the 
higher forms aidsing in this new departure is the instrument shown 
at fig. 177, and, with the Campbell screw fitted behind the mirror 
for the fine adjustment of the condenser, is a very attiactive and 
useful microscope, and may be stifely recommended to the amateur 
and the student. 

Two microscopes by Ross certainly deserve the attention of the 
student sri'king a reliable instruuH'ut i)elonging to the class we are 
considering. They are both kianvii as ‘ Ross's Kew Bacteriological 
Microscope.' The work of this long established firm, it is needless 
to say, is of the very finest quality ; and these microscopes are pro- 
vided with all the requiied adjuncts for the work they specify. The 
stage is of horseshoe form ; the fine adjustment is sensitive and firm. 
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The principal difference between the two instruments is in their 
respective stands. The one shown in fig. 184 gives a wid(‘r s[u end 
to the tripod base than usual, securing greater stability. ; but tliis does 
not involve great space in packing, because the hind ‘ toe ' of the 



Fig. 184 — Ross’s new (tripod) bacteriological microscope (1898). 


tripod is made to fold forward between the two fixed front toes when 
not in use. 

The other similai* instrument is on a circular foot, to which is 
screwed a stout sup|)orting julla.r ; the upper part is attached to 
this by a substantial compass- joint ; but the pillar is fixed on the mar- 
gin of the ring, thus bringing the whole weight centrally upon the 




' * * 
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foot when the instrument is in an upright position. When inclined, 
the centre of gravity is again brought directly over the foot, as 
shown in fig. 185, by rotating the pillar upon a reliable fitting at 
its base, so that absolute steadiness is secured. This is a revival 


Fig. 186 . — Robb’s new bacteriological microscope ( 1894 ). 


of an old form made in 1760 by J. Cuff, adapted by A. Ross in 
1842, and now again used by the same firm {vicle fig. 128). 

Ross also manufactures an ‘ Educational ’ microscope having 
considerable merit, which may fairly be placed in this class. It 
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is presented, on a small scale, in fig. 186. It is admii nLly made, 
and provides all that is required in coarse and tine iKljiistments ; 
it is also provided with admirable sub-stage arrangeauaits, and is 
placed on a stand that, while it is of lioi-seslioe patlaa n. lias the 
hind ‘toe’ lengthened considerably, and is made so iliat lhe foot 
can reverse as in the illustration, and lock, thus making a perfect 
balance for the body, however it may be inclined. This admirably 
made instrument is considerably under 51, in cost. 

Beck’s ‘ British Student’s ’ microscope is of this class, as is also the 
‘ Shir ’ microscope by the same makers. The former has a firmly made 
tripod, as fig. 187, representing this instrument, shows. It has a 
spiral rack and pinion coai-se adjustment, a fine-adjustment, a draw- 
tube with mm. scale, and a focussing sub-stage which swings out when 
not in use. The present 
Editor can speak highly of 
this instrument foi- elementaiy 
class work, and with good 
workmanship its price is ex- 
ceedingly low. The ‘ Star ’ 
microscope is also a very re- 
maikable instrument, suffi- 
ciently so to justify us in 
departing from a rule to 
point out that with two eye- 
pieces, two objectives — a 
^-inch and a ^-inch — and an 
iris diaphragm, the whole, 
placed in a cabinet, is sold for 
41. 15s. 

We come now to micro- 
scopes of the fourth class. 

A small, compact, and 
thoroughly useful microscope, 
specially adapted for medical 
students and Biological 
Schools, is made by Swift and 
Son, and known as their — Ross’s educational microscope 

‘ N ew Histological and Physio- 

logical Microscope.’ In its simplest form it is shown in fig. 188. 
The stand is a firm tripod, the optical tube slides in a cloth-lined 
fitting, the fine adjustment may be the difterential screw actuated 
by a large milled head, and capable of work with at least a jVth-inch 
objective. It is beautifully swung, and is firm iu any position. 
The stage is large, and has the horseshoe opening. There are 
several grades of this instrument, involving more or less complexity 
and apparatus ; but it was designed to meet, and we believe does 
meet, the needs of students who want a strong, practical, and well- 
equipped instrument at a very moderate price. 

Another instrument of this class deserving the highest commen- 
dation, and offering the student much more for the outlay involved 
than we could have thought possible twenty years ago, is ‘The 
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Fram’ microscope ofMessi s. Watson and Sons. W(' illustrate it in 
fig. 189. It is strong mid rigid, and its w<>i ktnmisldp is of tlie 
highest order. It has a completely steady trijxxl foot with a spread 


Fig. 187. — Beck’s British student’s microscope (1808). 
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of 7 inches, and its steadiness is unaffected in \\ liai e\ m- position the 
body may have to be inclined. Tlie coarse adjust iijeiit is ti <lingon)i] 



Fia. 188. — Swift’s histological and physiological microscope (1894). 
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rack and pinion, while tlie fine :nljiistiuent is the now colehvated 
lever employed by this firm. One ri‘\’ohilion of the iiiilltMl Jiead 


Fig. 189. — Watson’s ‘ Fram ’ microscope (1898). 

moves the body the ^-J^^th of an inch. As we have seen (p. 170, 
fig. 132), this adjustment is sound in principle, and in practice all 
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that need be desired. The stage has the horseshoe- shaped aperture. 
The sub-stage fitting, as shown in the illustration, may be turned 
aside out of the optical axis, and a compound sub-stage may be made 
with the instrument if desired. Throughout, the working parts are 
sprung, and wear may be compensated by adjusting screws. We 
cannot speak too highly of the enterprise and skill shown in the design 
and maiiuflicture of this instrument ; and yet the student will find 
that, good as it is, it is one of the least costly instruments of its class. 

There is a microscope manufactured by Messrs. Zeiss, known as 
‘ Stand YI. A,’ which comes to about the same cost as the above, and 
which we illustrate in fig. 190. It is of course a strictly Continental 
form, having a fixed stage 3| ins. square. The coarse adjustment is 
by rack and pinion, and the fine adjustment is the usual micro- 
meter screw of these makers. Tlie stand is inclinable, and it is 
provided with mirrors and a cylinder diaphragm which slides in a 
sleeve fixed below the stage cai)able of receiving the illuminating 
apparatus. It is, of course, made with the accuracy and good 
(piality of workmanship for which this firm is noted. 

Fifth and sixth classes of microscopes are made by the best 
mak(n‘s, and it is a little notable tliat the best of these classes was made 
by the late Hugh Powell, whose maxim was that a microscope with 
only a. (jood coarse adjustment was to be prefei*red to one having an 
indifferent fine adjustment with a sliding tube for the coarse adjust- 
ment. 

This stand is of cast iron, with a flat tripod, having a single 
pillar to which is jointed the Jackson body. The focussing is 
admirable ; the stage is of an excellent form, being 4^ x 3^ inches, 
and is su])plied with a beautifully made sliding ledge, which will 
move easily and firmly with pressure from one side only. 

The stage is fastened to the upper side of two brackets which 
are cast in one piece with tlie limb ; on the under side of these 
brackets there is another jdate wliicli holds the sub-stage tube. 

This instrument is su 2 )plied with large plane and concave 
mirrors ; and, considering that it constitutes a. sixth class of 
microscope, has very much in its favour as a secondary instrument 
for tlie work-table. Like all these makers’ instruments, the feet are 
plugged with cork ; and we know of some of these microscopes that 
have been in use for forty years, and are still the trusted ‘ journey- 
men ’ instruments of mounters and other workers of various orders 
in many departments of microscopy. 

Some of the modei-n forms of these two classes of microscope 
deserve, on behalf of beginners with limited means, some considera- 
tion. A thoroughly good but extremely simple microscope of the 
fifth class is made by Watson and Sons ; it is illustrated in fig. 191. 
It was designed for educational purposes ; the workmanship is of the 
finest quality, but the instrument is not provided with a fine 
adjustment ; it relies on a very perfectly made diagonal rack and 
pinion coarse movement. From practical use we can speak in the 
highest terms of the delicacy of this focussing arrangement, with 
which we have with ease used powers up to inch, and often have 
used it with a i^-in. objective. The stage is large, the body has a 
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draw-tube, can be inclined, and it is t\ sOv.-idy iiscTid nncroscopo. It 
can be obtained complete in a i-asu wiili oiu* (‘yo-pjecc for the sum 
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quality, nnd is tlioroiii»]ily well made, its object being to meet the 
wants ol' schools ;ni(l olroncntaiy workers. We Inditoo', however, 






RECENT AMERICAN MICROSCOPES 


woi kiiianship it is sold for twenty shilliir 


Fig. iiiii. — iiiuiscli an<{ Lomh’s lowest- 


niie roscope ( 1 897 ' 


Roich(‘rt, of Vienna, manufactures an instiaiiiKMit ni‘ tin 
class witli a ^^ood coarse adjustment only, kuilt. on ;i t ri|»()d. 
almost eipially low price. But amongst the sixth class ol' 
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scopes none is more remarkable for its sti'ength, good form, and 
excellent finish than the one we show in fig. 1 94, made by Leitz, Its 
coarse adjustment is capable of doing very delicate work, and it is a 
thoroughly steady instrument, and is admirably adapted to elemen- 


tary work and school use, snid, whilst its finish ;nid work areadmirable, 
it is sold for ll. 

A really beautiful instrument of the same class is made by 
Reichert, designated ‘Stand No. 15,^ which is illustrated in tig. 192. 
It is admirably made, and the maker, as we think, wisely, lias thrown 


Fig. 194. — Leitz’s school microscope. 




A GOOD LOW-PRICED MICROSCOPE BY LEITZ 


the best posvsible work into a spiml rack-and-pinion c-o.nsc' adjust- 
ment which works with great accuracy and smoothness, and has 
dispensed with a fine adjustment. Its construction is neat, but. it is 


Powell and Lealand’s portable microscope (1848), 


one of tlie most rigid of this class of microscojx' which \\ c liav<‘ si'cn 
or u.scd ; this in.strument is sold for twenty-livf^ shillings. I hit the 
maker has ad()[)ted Mr. Nelson’s plan, using a Steiidual magnifier to 
1)0 mounted as a sub-stage condenser, and if a simple iris diaphi agm 
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be used witli this, there arc v(‘ry few but will lx* nstonislKMl at the 
beautiful results attainable, ( '(a tainly, since tin* last <*(1 it ion of this 
book was publish6)d, large and sneeessful efforts ha \(* heen made to 
supply to those who need them cheap but thoroughly good micro- 
scopes. 

Portable Microscopes. — Microscopes that may be readily taken 
from place to place, and which are yet provided with the arrange- 
ments required for using 
the principal apparatus, ai e 
of importance in some in- 
vestigations, and are de- 
sirable by the majority of 
those who have a living 
interest in microscopic 
work. 

The earliest and still 
the best form of this kind 
of microscope was made by 
Powell and Lealand. As 
opened for use it is illus- 
trated in fig. 195 ; but the 
tripod foot folds into what 
becomes practically a single 
bar, and is bent l)y means 
of a joint to occupy the 
least space. The body un- 
screws, and the whole lies 
in a very small space, giving 
at the same time fittings in 
the cjibinet for lenses, con- 
densers, and all needful 
apparatus. The coarse and 
fine adjustments to the 
body are as in the No. 1 
stand, so are the stage 
movements ; and the sub-stage has rack-and -pinion movements and 
l ectangular sector centring, while all the apparatus provided with 
the largest instrument can be employed with it. We have used 
this instrument for delicate and critical work for twenty years, and 
there is no falling ofi* in its quality ; and, when packed with the 
additional apparatus required, the case is 12 X 7 X 3 inches. 

Swift and Son have arranged their Histological microscope 
(fig. 196) as a portable instrument, to which from its pecidiar con- 
struction it i‘eadily lends itself, and must be placed in the third 
class of portable microscopes. 

Mr. Rousselet has designed an admirable little instrument of 
portable form but of the sixth class. It is binocular. The tidpod 
folds ; the stage is plain, with ii sliding ledge. The condenser 
focusses by means of a spiral tube, within which an inner tube 
slides, carrying stops, diaphragms, <fec. The mirror is jointed so as to 
be used above the stage, and, as its focus is only inch, can be 



|Fig. 197. — Baker’s diagnostic travelling 
microscope (1896). 
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used as a side refleeter. It is also arranged so that eye-pieces 
with large fudd-glassfs may he employed. It packs in a box 
lO^ X O5 X inches, and weighs 6 pounds complete. 



Fig. IDs. iJausrli mid I.undi's poLialde microscojie (1898). 


Baker mnv makes a small useful instrument for travelling called 
‘ the Diagnostic ’ microscope, designed by Surgeon -Major Ross, 
medical superintendent, Indian Army Medical Department. 
Pig. 197 illustrates it. The tripod stand is firm, but readily 
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folds. It IS provided with sliding tube, coarse, an<l mici-onu'lei 
screw fine at\|ustiiients, a good .IrawdulM- nn.l tl,„rnu..ldv us,.|ul 
stage, a tubular sub-stage with |.Ian<‘ and concave niicrors. It is 
packed in a leather case witli sli<iiddei- si rap and loops f’oi- a 
military belt, or a handle, and this case, with tliree objectives 
and extra eye-piece, occupies 11 x x 3 in, -las. It, ,an dso 
be arranged for a sub-stage carrying a condenser atui iris di.-i- 
phragin, and is exceedingly compact and well mail,'. 

A very old device has lieen utili.sed by Messrs, llanseh and Lomb 
for a new portable stand, that, namely, of making the case or Ikix the 
foot of the instrument. The microscope itself is, in every other respect 
save size, the .same as their ‘ New ’ stand shown in fig. 1 93 ; but the 
addition is made of a clamping screw, to prevent the main tube from 



Fi(i. Buuscii and Lomb'.s portable microscope packed 


dropping or turning. An illustration of this microvseope is given, as 
set up for use, in fig. 198. It will be seen that a double nose-piece 
may be used, and it is provided with a useful condenser, the sub- 
stage having a screw focussing adjustment, and an arrangement for 
swinging this out of the optic axis. The microscope is rigid, but 
can be inclined at any angle by raising the cover of the case as in 
the figure. It can be closed into the box with its double nose- 
pieces in position, and its sub-stage and condenser ready for use. 
The size of the case complete is 8| x 5| x 2 J inches, and its weight 
is pounds. 

Microscopes employed for the purpose of minute dissection are 

of considerable importance in certain kinds of work. Many instru- 
ments specially adapted are made, although the majority are 
arranged for simple lenses. But an instrument of great value, 
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arranged for use with compound lenses^ has }>een devised by employing 
the binocular of Mr. Stephenson. This instrument is illustrated in 
fig. 200. It is made by Swift and Son. The stage may be enlarged 
as a dissecting table, with special rests for the arms. The objective 
and binocular part of the body remain vertical and focus vertically 
by a rack-and-pinion coai'se adjustment, theie being no fine adjust- 
ment. The bodies above the binocular prisms are suitably inclined, 
mirrors being placed inside them to reflect the image. This reflec- 
tion also Ciiuses the erection of the image, which is valuable to the 
majority engaged in insect dissection or the dissection of very 
<lelicate and minute organisms or oi-gans. 

Another type of dissecting microscope has been introduced (as 
we have seen on pp. 1 02-4) by the firm of Zeiss ; it is known 
as Greenough’s Hinocular Microscope, and possesses valuable 
and intei’esting features, and has been pre})ai*ed to facilitate the 
examination, dissection, and ])reparation t)f eggs, lai*vte, and 
other solid objects by furnishing a true stei*eosco})ic and erec^t 
image. llcsnce it is most uscdul for zoologists, botanists, and 
embryologists. To accomplish this purpose a combination of Porro 
prisms with a, compound micmscope of tlie usual optical type has 
been eftected. We have said enough of this instrument in an 
earlier page, and merely recall its a<laptation to dissecting purposes 
by the illustration furnished in fig. 201, and we would remai'kthat it 
is only when two such complete microscopes, each having its own 
objective an(l eye-pieces, are simultaneously directed upon an object 
that the tiaiest stereoscopic imjtges can be obtained. 

Only comparatively low powers C4in be used with this instrument, 
but this is no defect, foi* with such powers alone would the work it 
is intended to do be accomplished ; but two special eye-i^ieces of 
different powers, corresponding to Huyghenian eye-pieces 2 and 4, 
are prepared for this microsc*ope ; they are known as orthomorphic. 
The magnifications resulting from the combination of these eye- 
pieces with the objective are respectively 25 find 40. 

We have now to consider tlie most primitive stands adopted for 
simple microscopes. That in the form of a bull’s-eye stand is the 
least complex form possible. This instrument holds jin intermediate 
place between the hand magnifier and the complete microscope, 
being, in fact, nothing more than a lens suj)ported in such a manner 
as to be culpable of being i*eadily fixed in a variety of positions 
suitable for dissecting and for other manipulations. It consists in 
its best foim of a circular foot, wherein is screw ed a short tubular 
pillar (fig. 202), provided with a rack-and-pinion movement, and 
carrying a jointed arm movable in many directions by ball-and- 
socket and other joints, 6, c, e, but capable of being clamped by 
thumb-screws or milled heads, a, 6, e ; one end of this arm carries a 
joint, to which is attached a ring for holding the lenses. By 
lengthening or shortening the pillar, by varjdng the angle which 
the arm makes with its summit, and by using the various joints, 
almost any position and elevation may be given to the lens that ca.n 
be required for the purposes to which it may be most usefully 
applied, care being taken in all instances that the ring which carries 
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the lens sliould (by inenns of its joint) In 
lenses now most snit:ibl(‘ lb)' mk-Ii a hoi 




upon the 8teinheil formula, composed of thiee cenu‘nte<l lenses 
forming a system which gives relatively long working distances 
with large flat field. As made by Zeiss they magnify 0, 12, 20, and 
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30 times, einployf**] in sucli a staiKl as fig-. 202, tliov are ad- 

miraVdy adapted foi- pickiii_<4‘ out luiiiuti* sliells or (or ot laa- similar 
manipulations, tli<‘ smik] oi- di-edging.s to be exaiiiined })eini>' sj)i‘(‘ad 
uj)on a piece of black pap<‘r. and raised upon a book, a box, or some 
otlxM- suppoi-t to such a. height tliat when tlie lens is adjusied 
thereto, t he (‘\e may be applied to it continuously without iiinieci'S- 
sary kitigue. It will be found advantageous that the foot of the 
microscope shoukl not stand upon the paper over which the objects 
are spread, as it is d(*sirable to sliak(‘ tins from time to time in order 
to bring a fresh portion of the matters to l)e examined into view ; 



Fig. 201. — GretMiou^^li's binocular, as a dissecting microscope (1897). 


and, generally speaking, it will be found convenient to place it on 
the opposite side of the object, rather than on the wsame side with 
the observer, lu a suitable position these lenses with their holder 
may be movst conveniently set for the dissection of objects contained 
in a plate or trough, the sides of which, being higher than the lens, 
would prevent the use of any magnifier mounted on a horizontal 
arm. Although the uses of this little instrument are greatly 
limited by its want of stage, mirror, &c., yet, for the class of pur- 
poses to which it is suited, it has advantages over perhaps every 
other form that has been devised. Where, on the other hand. 
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port{il>ility iilmy lx* nlto^x*! lit‘r siu i ilux'd, ;ni<l tlx* iust riuiH'iit is to 1)(* 
{idtiptcd to tli(“ iiiakiiii;’ ot lariat* diss»‘i*t loii.s iiiidt'r a low luaniii I \ i 
power, soHK' such ionn as is r(‘|»i i‘st'iil (>d in lii:. ‘JOd const nictod l)v 
Messrs. I^cikt?r, 011 tlx* Uasis ol that do\ist‘d h\ Ih-ot’cssoi* lluxh*\^ tor 
the use of his Pract ical ( lass at South K«‘nsiniiton. will ho tiuind 
decidedly preferable. Tla* rrainoAVork of tin* iusti uuu‘ut is st)lidly 
constructed in luaho^aiiy, all its surfaces lx‘ino Idackciu'd, and is so 
arranged as to give two u[)rights for the support ot tlx* stagi* aixl 
two oblique rests foi* t he haixls. ( dost* to t lx* suininit of each oft host* 
uprights is a giooxa* into which tlu* stag{‘-plat(‘ slide's : and this ina\ 
be either a, scpiaro ot inod<*rat('ly thick glass or a plate' eet (‘he)nite, 
having a central p.erforatieen into which a elisc of tlu* ^auu‘ \uate'rial 
may he fitted, so as to lie Hush with its sen fae e*, one* of t hese being 
readily substituted for the other, as may Ix'st suit tlu' use to be 



I ’xi. 202. — Zeiss’s lens-holder. 


made of it. The lens is ciuried on an arm working on a racked 
stem, which is raised or lowered by a inilled-head pinion attached to 
a pillar at the further right-hand corner of the stage. The length 
of the rack is sufiicient to allow the arm to be adjusted to any 
focal distance betw-een 2 inches and i inch. But as the height of 
the pillar is luvt siifiicient to allow the use of a, lens of 3 inches 
focus (which is veiy useful for large dissections), the arm carrying 
the lenses is made with a double bend, which, when its position is 
reversed, as in the dotted outline (which is readily done by unscrew- 
ing the milled head that attaches it to the top of the racked stem), 
gives the additional inch required. As in the Quekett micro- 
scope, a compoumi Ixxly may be easily fitted, if desired, to a separate 
arm capable of l)eing pivoted on the simie stem. The mirror frame 
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is fixed to the wooden basis of the instrument, and places for the 
lenses are nride in grooves beneath the liand sup[)oits. Tlu' ad- 
vantages of this gtuieral design have now been satisliictorily de- 
monstrated by the large use that has been made of it ; but the 
details of its construction (such as the lieight and slope to l)e 


Fig. 203. — Laboratory dissecting microscope (1870). 

given to the hand-rests) may be easily adapted to individual require- 
ments. 

A very simple and well-known form of dissecting microscope is 
made by Messrs. Bausch and Lomb. It is shown in fig. 204. Its 
form is self-explanatory : a plain glass stage, and a mii'ror at a suit- 
able angle giving abundant light, capable of being replaced by 


a white or black enamelled background, suitable rests for the 
arm, and a sliding holder for the lenses. It is these latter that 
are special ; they are designed for the instrument. They ai’e 
doublets, which undoubtedly give a large aplanatic field and fine 
definition. 

But the very best form of dissecting microscope for simple lenses 


Fig. 204. — Bausch and Lomb’s (Bames) dissecting microscope (1896). 
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milled heads, A. The arm, which is focussed by an excellent spiral 
rack- work adjustment, carries either a Zeiss dissecting microscope, 
which, with and without its concave eye-lens, yields six different 
powers, varying from 15 to 100 diameters, or the arm will receive 
the very fine Zeiss-Steinheil simple magnifiers. 

The instrument is provided with a laige plane and concfive 
mirror on a jointed arm. The utility of this simple microscope is 
very great, and we do not hesitate to pronounce it the best thing of 
its class we have ever seen. 

The Continental Model. — Our one purpose in this treatise is to 
endeavour to promote what we believe to be the highest interests of 
the microscope as a mechanical and optical instrument, as well as 
to further its application to the ever-widening aiea of physical 
investigaition to which, in research, it may be dii*ected. To this end 
throughout the volume, and especially on the subject of the value 
and efficiency of apparatus and instruments, we have not hesitated 
to state definitely our judgment, and, wheie needed, the basis on 
which it rests. Incidentally we have expressed perhaps more than 
once our disapproval^ and, with ourselves, that of many of the leading 
English and American microscopists, of the form of miat^oscope known 
08 the Continental model ; we believe it is not needful to say that we 
have done this after many years of careful thought and varied 
practice and experience, and, so far as the human mind can analyse, 
without bias. It is not where a microscope is made that the 
scientific microscopist inquires first, but where it is made most 
perfectly, and we cherish strong hopes, in the intei ests of the science 
of microscopy, that so enterprising and eminent a firm as that of 
Zeiss, of Jena, will bring out a model that will comport more com- 
pletely with the needs of modern microscopical research than even 
the best of the models that they now produce. It is to this house, 
under the cultivated guidance of Dr. Abbe and Dr. Czapski, that 
we are indebted for the splendid perfection to which the optical side 
of the microscope has been I’ecently brought ; and when we know 
that the ‘ Continental model ’ has, in the hands of the firm of Zeiss, 
passed from an instrument without inclination of the body into an 
instrument that does so incline, and from an instrument without 
sub-stage or condenser into one provided with the latter of these 
absolutely indispensable appendages, and finally from an instrument 
with a perfectly plain stage with ‘ clips ’ into what is now a stage 
with mechanical movements — we can but hope that these concessions 
to what has belonged to the best English models foi* ovei* forty years 
may lead to an entire reconstruction of the stand — a wholly new 
model — intended to meet all the requirements of modern high-class 
work in all departments, and with a fine adjustment of the most 
refined class. We cannot doubt, if this were so, that the same 
genius which has so nobly elevated the optical i*equirements of the 
instrument would act with equal success on its construction and 
mechanism. We have been told in the friendliest spirit, by one 
deeply interested in the Continental stand, and a master in optical 
knowledge, that on the Continent the microscope is ^ actually almost 
exclusively used’ in a vertical position. Nevertheless we know 
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what elaborate arrangements have been made to enable the body to 
be inclined in all the better models, and surely the English stand is 
as capable of being used in this position as the most primitive Con- 
tinental instrument ; but the doubt we have is as to whether the 
most primitive Continental stand possesses the same primal adapta- 
bility to all the modern optical and mechanical improvements of 
the microscope as is possessed by the English stand. It is said 
that ‘ the Continental microscope has closely followed the wants of 
the microscopist, and that in its mechanical arrangements it has kept 
pace with the increasing improvement of the optical parts, without 
outrunning them, as has been the case with many English forms of 
construction.’ With the deference and good feeling with which we 
receive this statement we are bound to stiy that it does not present 
itself as historical. The mechanical parts have not in reality kept pace 
with the optical improvements, for when apochromatic lenses of 0*95 
N.A. to I'l N.A. are used with large illuminating cones they become 
so sensitive to focfil adjustment that the Continental fine adjustment 
(the best form of which has hitherto been used by Zeiss) is not 
sufficiently slow to permit of accurate focussing in highly critical 
work. Applications have, for instance, been made to Powell, asking 
him to increase the slowness of his fine adjustment, which is now 
twice as slow as the best Continental form. But perhaps the 
clearest evidence is found in the fact that, while we are passing this 
book through the press, two striking proofs of Continental conviction 
that their fi^ne adjustment should be rendered slower and more sen- 
sitive are given, first, by the beautifully simple and, as we believe, 
most admirable invention of Reichert, adapting a lever movement 
to his stands (vide p. 169, fig. 131), by which he makes the fine 
adjustment more than three times as slow as the best hitherto used 
on the Continent ; while the firm of Zeiss themselves, in their 
newest model (p. 167, fig, 128), have by another method sur- 
passed all other makers ; and, as I leain by the courtesy of the 
firm, ‘ the micrometer screw of this new stand is adjusted for 
(.^ 5 ^th of an inch for each i-evolution of the milled head ’ (figs. 129,' 
130). 

We cannot but believe that this is the best evidence we can 
have of the validity of our contention in the last edition of this 
book that the Continental fine adjustment was too coarse or quick 
for the almost perfect objectives and eye -pieces they themselves had 
given to the world. 

We have written throughout this book too frankly of the eminent 
services of Messrs. Zeiss, to the furtherance of the interests and pro- 
gression of the microscope as a scientific instrument, to be misunder- 
stood in making a plain estimate of the quality of the model on which 
their elaborate and in some senses beautiful stands are built. It 
will be seen that we everywhere justify our judgments by plain and 
easily comprehended reasons, and the very eminence of the makers 
renders it incumbent that practical microscopists should, without a 
shade of bias, assess the value of a stand which is certainly not 
built on lines that contribute to a higher and still more efficient 
microscopy 
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At the same time we do not blind ourselves to the fact that 
an English market for the ‘ Hartnack ’ model has had very 
much to do with the perpetuation of the errors which that form 
contains. 

The reason of this it is not difficult to trace. 27te inductive 
method advanced but slowly, in practice, upon the professional 
activities, and even the professional training, of medical men. The 
country which was the home of Bacon and Newton and Harvey and 
Hunter theoretically accepted, but was not quick to apply, the 
methods of induction to the work of its medical schools. Theory and 
empiricism held a poweiTul place in both the teaching and practice 
of medicine in England until the earlier years of the present century. 
Medicine was absolutely unaffected by Bacon until the latter half of 
the seventeenth century. It was not until the early years of this cen- 
tury that the modern school of medicine began its beneficent career. 
But at that time the mioi'oscope — one of the most powerful instru- 
ments which can be thought of in the application of experimental 
and deductive methods to the science of medicine — was looked upon 
and treated by the faculty as a [diilosophical toy, a mere plaything 
for the rich dilettante. But in spite of this the microscope was 
brought gi’adually to a, high shite of perfi‘ction, and by the end of 
the first third of the century was I'emarkably advanced as a practical 
instrument, all its essentials being more or less completely developed. 
Meanwhile, on the Oontineut the microscope was regarded by the 
Faculty as a scientific instrument of great and increasing value, 
being used to good ])ur})ose in making important discoveries in 
anatomy, histology, and biology generally. 

This was gradually realised in, this country ^ and there arose 
slowly a desire to em])l()y the same instrument in England. But, 
although English instruments of the most practical and relatively 
perfect kind, representing the large experience of many careful 
amateurs, were easily accessible to our medical men in their own 
country — because it was on the Continent that the investigations 
referred to had been made — it was nothing less than the Continental 
microscope that was sought after and ol^tained. We have been told, 
indeed, that ‘ the development of the English stands has not 
depended on the wants of the microscopist,’ but has been the result 
of ingenuity and invention. To this we simply say that it may be 
true that their development has not depended on the immediate 
wants of the microscopist, but was in many ctises the result not of 
ingenuity so much as of powerful insight and foresight. And how 
often have these anticipations been I'ealised ! Because early obser- 
vations of a histological character (and therefoi e of a nature to lie 
beyond the sphei e of the lay amateur) had been successfully made 
with a certain form of microscope on the Continent, it was practi- 
cally argued that this must be the most suitable instrument for such 
a purpose ; but this was an inference made without knowledge of oi* 
reference to the well-known English models. 

Let us aire fully examine this instrument. The typiad form 
was that made b}’ Hartnack. Seen in its primitive state, we have 
it in the catalogues of all the Continental makers — Zeiss, Leitz, 
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Reichert, and the rest. It is a non-inclining instrument, with a 
short tube on a narrow horseshoe foot, in which steadiness is 
obtained by sheer weight. It has a sliding-tube as a coarse adjust- 
ment, and a direct-acting screw for the fine adjustment. The stage 
is small, and the aperture in it is relatively still smaller, of no service 
in reaching the focus of an object by touch with a high power. It 
is provided with spring clips, and a diaphragm immediately below 
the stage, and a concave mirror. Now it has been said that the fact 
that the Powell stand, e,g. of forty-five years ago, adapts itself without 
material change to the most modern appliances would be looked 
upon by the Gei*maii student as being ‘ no commendation,’ because 
it would mean that they were more elaborate than was necessary, 
but what are the facts? Let us take an Oberhauser of 1837, and 
compare it in one essential particular only with a veiy early Powell, 
designed in 1834. It was a stage- focussing instrument. As a fact 
the Oberhauser will not focus a low-angled J-ineh objective propeily ; 
tlie fine jidjustment works in jerks, and the lateral movement causes 
the object to go out of the field. The Powell will now work an 
apochromatic of 1*4 N.A. oil immersion with accuracy and precision ; 
but if an apochromatic oil immersion of 1*4 were placed on the Ober- 
hauser it would be at great risk to the objective. Now even in eai’ly 
days accurate focussing was surely a vital mattei*, and the foresight 
that could anticipate what might require more delicate focussing than 
the objectives then in use was wise, and to the student profitable. 
The Powell No. 1 stand, as it is now, was in the main constructed in 
1849, so far as legards tripod foot, limb, coarse adjustment, and fine 
adjustment with Turrell stage. The alterations that have been 
introduced have been the concentric rotary stage (1861), and the 
present form was manufactured in 1869. 

A s^ih-stage condenser was rarely used, because up to a compara- 
tively late date (1874) it was regarded by many on the Continent 
as a meie elegant plaything ; its true value was not perceived. 

On this model all the microscopes of the firm of Zeiss, of Jena, 
are constructed, as they are used almost exclusively on the Conti- 
nent, and are regarded in many of the universities and medical 
schools, both here and in AmericJi, as possessing all the qualities 
lequired for the best biological research. 

If we examine the finest of these instruments made up to 1885, 
we are impressed, as we always are, with the beauty and care of the 
workmanship and finish of this firm : but there is the same heavy 
horseshoe foot, steady enough while the instrument is nou-indhihig^ 
only needlessly heavy, requiring common ingenuity alone to get 
equal steadiness with one-fourth the weight. But since this instru- 
ment has been adapted to the English form by being made to incline 
to any angle up to the horizontal, the foot but insecurely balances 
the instrument, and it is not difiicult, as it is not uncommon, to topple 
it over. Indeed in their photo-micrographic outfit the Messrs. 
Zeiss practically see this, for they supply another foot to which the 
microscope is clamped, Messrs. Bausch and Lomb tell us that the 
foot of their ‘ B B ’ Continental microscope is ‘ heavily leaded to ensure 
greater stability.’ Sidle and Poalk (1880) and McLtiren (1884), and 
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now Ross, adopting this foot, employ the added mechanism of the 
i*evolution of the pillar on the foot (an old device) to secure stability 
at all inclinations (vide fig. 185, p. 2H2). Surely if the horseshoe 
foot were satisfactory for the inclining microscope these modifications 
would not have been deemed needful. Besides which we note that 
for the same purpose the C Jiitinental maker, whom we venture to 
think very alert to the tine needs of m6dern microscopy, Reichert, 
prolongs the projecting ‘ toe ’ of the horseshoe, giving it almost a 
tripod form. 

It must not be forgotten that this want of balance is with the 
short, not the long body. 

The diameter of the tube is small, being slightly over seven- 
eighths of an inch. No doubt a low-power eye-piece with a lai'ge 
field is extremely useful as a. finder, but this advantage is completely 
lost with the original small Continental tube. That this is seen to 
be a disadvantage would appear certain, because the photO(jraphic 
mict'oscope model of Zeiss has a larijer hody-tahe ; and in theii* i*ecent 
^Appendix’ to their latest catalogue they admit that for certain pur- 
poses other stands made by them, ‘ owing to the limited diameter 
of their tubes, cut off' the field ; ’ a significiint fact foi* those who 
would narrow the English body, when it is remembered that PowelFs 
is, and has been, suitable foi* all ]>urposes without alteration, and 
long, short, and binocular bodies are interchangeable. 

At the date of the publication of our last edition, out of eighteen 
models ten wei*e made with inclining bodies, and three had sliding 
coarse adjustment. But in the twelve models for 1889 ten incline, 
while only two are rigid, and eight have i‘ack-woi‘k, against four 
having sliding tubes for coarse adjustment ; but in the current 
catalogue of Messrs. Zeiss six out of eight models have inclining 
bodies, two are rigid, and one has sliding coarse adjustment. This 
is a manifest, if slow, conformity of the primitive model to the 
English type, and hardly supports the affirmation ‘ that (during the 
last forty years) the Continental microscope has closely followed the 
wants of the microscopist.’ 

The direct- acting screw , only slightly modified, obtains univei*sally 
in these models. We have already plainly said that this is not suf- 
ficiently delicate in its action for critical work with an apochromatic 
objective of 1*4 or 1 ’5 numerical aperture, especially as a micrometer 
screw with a necessarily delicate thread is bound to carry the com- 
bined weight of the body, limb, coarse adjustment, and the 
opposing spring ; that it will wear loose under the stress of 
constant work is inevitable, and thus its utility must be wholly 
gone. 

The 1889 model has a new form of fine ad justment, the alteration 
being that the micrometer screw acts on a hardened steel point. This 
may cause it to work smoother ; but as no weight is taken oft’, there 
is difficulty in discovering any reason for its admitting of more 
prolonged use without injurious wear. In support of this is the 
fact that in the new photographic stand made by this celebrated 
firm, with so extremely delicate a fine adjustment (fig. 129), we 
have learned through their English representatives that only one- 
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fifth of the amount lifted by the micrometer screw of the 1889 
model is lifted by the same screw in the new model. Tt should be 
remembered that few makers of microscopes in England, though 
they may be for class and school purposes, if they use a fine iidjust- 
ment at all, use anything less delicate than the Campbell diflerential 
screw ; although it seems on the Continent to be believed that the 
direct-acting micrometer screw of the Continental form is still in 
vogue. 

It must be plain that a screw of i f,(,th inch to a revolution 
cannot bear for long the heavy strain of the body of a mici-oscope. 
The remodelling of Zeiss fine adjustments in 1886 undoubtedly 
improved their construction and quality of work ; but so fine a, steel 
thread is not meant to carry weight and sti*ain. This applies to all 
<lelicate instruments of precision. 

The stage of this instrument, in common with all built on the 
same model, has three fundamental errors of desigi^ : — 

i. The stage is so narrow that the edges of the 3x1 slips are, in 
some Continental stands, allowed to project over the edges. Messrs. 
Zeiss have profitably departed from this fault by giving to their 
larger stands a stage in size more like the English type. 

ii. The stages have an aperture so small as to limit their useful- 
ness in focussing with high powers. 

iii. Instead of a sliding ledge they provide what still more 
efficiently militates against easy and rapid focussing, viz. spring 
clips. It is unfortunate that no stage on this model admits of the 
use of the finger to aid in reaching the focus. This gentle tilting 
up of the object, as we approach the focal point, would sav'c hundreds 
of cover-glasses and objective fronts — and we have reason to know 
that not a few are broken with this form of stage ; but we have nevei* 
seen put forward, and do not know, a single reason in justification 
of a small aperture in the stage. 

Another important point is the absence of rotation in the 
ordinary Continental stand. True rotation is a strictly English 
feature, which has been in use and cai-efully constructed for many 
years. And its value is great ; it is an indispensable adjunct to 
practical work. 

Messrs. Zeiss, some twenty years since, copied the Cberhauser 
form of rotation for the stage ; they did this by making the body 
and limb solid with the stage, so that the whole rotates to- 
gether. 

Practically there is only one point in favom* of such a move- 
ment, and that is, that the object remains exactly in the same 
position in regard to the field. But against this arrangement there 
is — 

1 . The liability of throwing the optic axis al)ove the stage out of 
centre with that below the stage, and this though the workmanship 
be, as it is, of the highest order. 

2. The rotation of a microscope object for ordinary examination 
is really unimportant, as there can be no top or bottom to it. Even 
for oblique illumination it is not required, as it is always easiei* to 
rotate the illuminating pencil. The only instances in which rotation 
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of the object is important are : (a) When the object is polarised, and 
then it is a distinct disadvantage not to be able to rotate the object 
independently of the body which carries the analyser. In shoi-t, the 
stage rotating independently of the body would be preferable because, 
if it is required to rotate the object on a dark polarised field, the 
polarising and analysing prisms ca7i he set at the p7'oj)er a^igles, and 
then the object rotated without disturbing the relative positions of 
the prisms. 

But this cannot be done with the ariangement of the Zeiss 
model, which i*otates body and stage. The fii*m have, however, 
more recently introduced a i*otating stage bjised on the English 
model, and we ai*e glad to give our testimony to its admirable 
workmanship and perfection of centring. The contention, however, 
that we think in all friendliness is sustained, is that the charac- 
teristics of the English model were not superfluous, and that the 
Continental model has only too slowly followed the requirements 
discovered and used by the makers of the best English models so long 
ago. 

(/3) For photo-micrographic purposes. — In this case, in the Zeiss 
stand, the head of the fine-adjustment screw is geared to the focussing 
rod ; so, manifestly, rotation of the body becomes impossible. 

Thus, by adopting i*otation in the form chosen, the highest ends 
for which the microscope stage should revolve cannot be accomplished, 
and the newei* form of stand must be adoj)ted. 

The sub-stage is often quite wanting in the common Continental 
forms. This was true of the Hartnack stands, with rare excep- 
tions ; the Nachet instruments were provided with an elementary 
form. 

As we have seen, until quite recent times, the condenser was 
regarded on the Coutvmnt as a superJltious,if not a foolish, ap^pliaiwe ; 
but that prejudice has been killed by the light thrown on the whole 
question by (1) the chromatic (1873), and now (2) the achromatic^ 
condenser of Abbe, and finally (3) by the ‘ centring achromatic 
condenser,’ only just made accessible by this firm. This condenser is 
not only focussed by the rack-and-pinion movement, but also by 
means of a special fine adjustment for bringing out its most delicate 
results. But even a condenser was in use in England in the year 
1691 {vide fig. 101, p. 133), and the best work in England since the 
invention of achi’omatism has never been done without one. 

In the mounting of the Abbe condenser every possible ingenuity 
has been displayed to make it do its work without a sub-stage ; but 
a, permanent centring and focussing sub-stage, into which this optical 
ari'angement could, amongst others, fit, might be made with half the 
labour, ingenuity, and cost. But rather than this, we have in the 
less recent forms the condenser made to slide on the tail-piece, and 
to be jammed with a screw. 

It has therefore umther centring nor focussing gear ; but, striking 
as it may appear, a diaphragm, which cannot be used with, and is no 
part of, the condenser, is supplied in a stand not of the most I’ecent, 
but of comparatively recent make, with mechanical centring and 
rack-work focussing movements ! That is to say, the delicate centre 
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of an optical combination might in that instrument take care of itself 
but a diaphi-agm aperture must be centred by mechanism anci 
focussed by lack. 

We know that the idea involved in a rack -work diaphragm is 
the graduation in the angle of the cone of illumination from the 
plane mirror by I’acking a certain-sized diaphiagm up or down. 
But this can be better done by an iris diaphragm, oi* peidiaps more 
perfectly still by a wheel of diaphragms. 

Now, in reality nothing is so important as the centring and 
focussing of the condenser, after we are once provided with perfect 
objectives ; and any mechanicjil arrangement that would enable us 
to perfectly centre an iris diaphragm or a wheel of diaphragms 
would enable us to centre the condenser. For the racking and 
centring of condensers there was, until very recent times, nothing 
in the best stands, of what is doubtless the largest and most 
enlightened house for the manufacture of microscopes in the 
world, to supply this indispensable need which the modern con- 
denser involves. 

We observe with pleasure advances in evei*y direction in which 
we have called attention to defects. The moi*e recent instruments 
are marvels of ingenuity ; we present, in fig. 167, the Latest and 
finest form of Zeiss’s best microscope. 

There is no fault in the woi'kmanship ; it is the best possible. 
The design onlg is faidty ; there is nothing to command commenda- 
tion in any part of the model ; and, seeing that the Messrs. Zeiss 
have now progressed so far as to furnish theii* first-class stand with 
the English mechanical movement, and even stage rotation, and fine 
adjustment to their newest and best sub-stage condenser, we can 
but believe that the advantages of these improvements will make 
plain the greater advantage that would accrue from an entirely new 
model. To all who study carefully the history of the microscope 
and have used for many yt'ars every principal form, it will, we 
believe, be manifest that the present best stand of the best makers 
of the Continent is an ovei*-burdened instrument. Its multiplex 
modern .‘ippliances wei‘e never meant to be caiaied by it. The 
attempt to combine a dissecting microscope with an observing 
microscope i*equired to do the most cidtical work is not, we submit 
with all friendliness, compatible. 

The Purchase of a Microscope. — A desire to possess a good but 
not costly microscope is extremely common, but as a rule the 
intending purchaser has little knowledge of the instiument, and 
does not profess to know what are the indispensable paits of such an 
apparatus, or what parts may, in the interests of economy and his 
special object, be dispensed with, leaving him still possessed of 
a sound and well-made instrvimeiit. We may briefly consider this 
matter. 

The first question to be asked when a mici'oscope is to be pur- 
chased is, ‘ What is the order of importance of the various parts of 
a microscope % ’ In answering this query it will be to some extent 
true that subjectivity of judgment will appear. But we believe 
that the following table of the relative order of importance of ^ the 
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parts of a iiiicvoscope will coiiuiieinl itself to all workers of large and 
l)roa,<l experienee : — 

1. A coarse adjustment by rack and pinion. 

2. A sub-stage. 

3. A line adjustment. 

4. Mecliaiiical movements to sub-stage, i.e. focussing and centring. 

5. Mechanical stage. 

(). Rack -work to draw- tube. 

7. Finder to stag(\ 

8. Plain rotary stage. 

9. (Jraduation and rack-work to rotary stage. 

10. Fine adjustment to sub-stage. 

1 1 . Rotary sub-stag(‘. 

12. Centring to rotary stage. 

This table gives in order the relative values of the several parts ; 
thus a microscope with a rack-and-])iiiion coarse adjustment and a- 
sub-stage is to be preferred' beforc‘ a microscope with a rack-and- 
pinion coars<' adju.stim'iit, w jiiio adjitsPutent, but no suh-fittaje. Or a 
microscope with a coarse adjustimuit by lack and [>iiiion, a, sub-stage, 
and a line adjus^numt, is to b(* ja eferred before one with the same 
coarse adjustment and a, me(*hanical stage movement, but no sub- 
stage or tine adjustment ; and so on. The last item is of least 
importance, and th(‘ importance of all the others is in the order of 
their nuiiK'ration. 

A iiotlu*!' matter of some significance to the tyro is the rehitive 
value, from the point of \'iew of time consumed, and therefore of 
prime cost, in pmducing the several kinds of mici-oscopes. The 
No. 1 stands of half a dozen makers may be near the s.ame cost, but 
may neverthel(‘ss have involved the consum])tion of very diftei‘ent 
quantiticis of the highest class of skilled labour in their production. 

Manifestly the lirst thing to 1 m‘ looked at in a microscope making 
any pretensions to (juality is the character of the icorkmanship ; and 
this should carry with it the question how much machine, and how 
inucli hand woi-k and fitting thei*e is in it. Arcs graduated on 
silver, for example, aie very attractive, and with many are most 
impressive ; but they are simply machine work, and quite inex- 
pensive. 

In the two great typ>es of models, the bar movement and the 
Jackson limb, the bar movement involves more than double the 
actual hand-fitting ; while a fine adjustment with a movable nose- 
piece takes twice tlie fitting of one in which the whole body is moved 
by the fine -adjustment screw. In the same way a mechanical stage 
which is made of machine-planed plates, sliding in a machine-ploughed 
groove, is much less costly in time and quality of labour than a hand- 
made sprung stage. So a sub-stage having a movable l ing pressed 
by two screws against a spring has very far less work, and work of 
a lower class, than one with a true rectangular centring movement. 

Tt will follow, then, that a Jackson-limbed microscope with no 
movable nose-piece, with a machine-made mechanical stage and a 
movable ring for sub-stage, will not have involved more, perhaps, 
than a third of the skilled work which must be expended on a well- 
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makers, we rarely liiid an e(jni\al(‘n1 dil]er(MU‘(‘ in cost. 

Then tlie tyro will lx* wai iu'd ly t his not. to pui/chasc a j »r(‘t(‘ntiou.- 
instrument witli a l)aT movement and mechanical staii«‘ for. say, 5/. 

Hut (J (f lotr I)ri<‘'^(/ 
instrument Is to he 
ptirchased, if, as is 
almost certain, it he a 
Jackson model, see 
that it has a rack- 
work coars(‘ adjust- 
ment, eschew the short- 
lever nose-piece^ and 
have a differential 
screw fine adjustment, 
a lai'ge plain stage, 
and an el(‘mentary 
centring s n 1 > st a ge . 

Such an instrument 
shovdd be obtained for 
5Z. 10.9. 

Although not fre- 
quently used, it would 
be doing our work im- 
perfectly not to i*(dei‘ 
to a form of micro- 
scope devised for 
chemical purposes by 
Messrs. Hausch and 
Lomb. The object of 
Prof. E. Chamot, of 
the Cornell University, 
in inducing these op- 
ticians to mak(‘ this 
microscope w 1 s , he 
says, to enable the 
chemist who had 
mastei’ed the n s( * ( > f t h ( > 
microscope ‘ to emj)loy 
the elegant and time 
saving methods of 
micro-analysis,’ thus 

-ivhifj him ‘ to pj,, 2(x5,-_Micr08C0iw for <-l.o.uiraI luuposua flSOT). 

(c\amin<‘ <pia litatively 

the most minute amounts of material with a rapidity .and accuracy 
which are truly marvellous, not to speak of the many suhslanct's 
for which no other method of i<lentification is known.’ 

An illustration of this instrument is given in fig. 2()(). It will 
be observed that it follows the Continental imxhd ; ‘ .^ince in all the 
work for which it is intended the stand is alw.-n.s icmmI in an upright 
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position,’ it is not provided with a jointed pillar to secure inclination. 
The coarse adjustment is by rack and pinion ; the fine, by the usual 
micrometer screw of this firm. The stage is circular and rotates, 
being provided witli centring screws, and its mai'gin is graduated 
into degrees for measuring crystal angles. Except foi- this graduated 
circle the stage is fiiced with hard rubber. The sub-stage is adjust- 
able by means of a quick-acting screw. This is fitted with polarising 
apparatus, consisting of a large Kicol prism so mounted that by 
means of a pin fitting into a slot in the sub-stage the prism can 
always be replaced in exactly the sjime position, and rotated with a 
circle graduated in degrees ; or it can be swung aside when polarised 
light is not needed. The analysing Nicol prism is also provided 
with a graduated circle, and is so mounted that it fits over and above 
any eye-piece. The draw-tube of the microscope is furnished with 
a small projecting pin, which fits into a slot cut in the bottom of 
the tube-mounting of the analyser. This slot lies in the s^ime 
vertical plane as the zero points of the analyser, the polariser, and 
the stage. The zero points of the two former are arranged as usual 
for the position of crossed Kicols; hence, when the polariser is in 
po.sition and at zero, and the analyser is at zero and is in position 
by its pin and slot, the Nicols are cro.s.sed without further adjust- 
ment ; this, of (jourse, saves much time. Hut it is clearly a simplified 
petrological microsco 2 )e ; it is not intended foi* petrological or 
mineralogical work, it is .simply an instrument made at a very 
low pi'ice, but .stated by Proi*. Chamot to be competent for all 
chemical work or food examinations. 

An equally important .special form of microscope has been made 
by Reichert for the examination of metals.^ Fig. 207 shows this 
instrument made according to the in.str net ions of Dr. A. R(Jto, of 
Budapest. In geneial appearance it re.sembles the ordinary horse- 
shoe stand, but it has no mirror, and the .stage, which is made 
adjustable in height, may also be removed a Itogethei*. 

With very low powers the .specimen may be illuminated by 
diffused daylight or artificial light falling freely upon its .surface. 
With higher powers an illuminator is used which fits the tube of 
the micro.scope, ami is provided with an extension to r'eceive the 
eye-piece. The illuminator consi.sts of a thin plate of glass placed 
at an angle of 45"" with regard to the axis of the tube, and of a con- 
den.sing lens whose focal length is equal to the sum of di.stances 
between the lens and the plate of glass, and between the latter and 
the object. 

The question of illumination is a very important one, to whic 
great attention is to be devoted. 

As source of light the ^ Auer,’ a triplex burner, adjustable in 
height, may be recommended ; ^ it is placed at a distance of one 
metre from the illuminator. The flame is surrounded by an iron 
or asbestos cylinder, with only the necessary aperture for illumination 
of the object. The source of light should be at exactly the same 
level with the lens, of the illuminator. On removing the eye- 

1 Central- Zr dung fiir OpiiTt iind Mechanik, No. 17, 1897. 

^ Supplied by Reichert. 
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piece and looking through O c, it will generally be fonnd that the 
microscopical field is not evenly illinninat»Ml ; the light should then 
be lowered or raised until perfectly uniform illumination is 
obtained. 

The beam of light received by the lens, is made to converge, and 


is reflected downwards, in the direction of the axis of the instrument, 
by the glass-plate, a. It is then condensed upon the object b} the 
lenses of the objective itself. The illuminated object sends back a 
portion of the light, which passes through the objective and the plate 
a, reaching the eye at O c. 

The object to be examined should have two parallel surfaces, so 
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that it may be placed on the stage of the microscope in a perfectly 
horizontal position. With a view of compensating for small de- 
ficiencies in the parallelism of the two surfaces, the stage is provided 
with the screws, SS, by which means it may be tilted, and the upper 
surfxce of the object made to lie in a tiady horizontal plane, which 
of course is necessary in order to place the entire field in the focus 
of the instrument. The stage is a mechanical one, the milled heads, 
T'" and T'''', imparting to it a. forward and backward movement and 
a lateral movement i-espectively. 

After the source of light has been placed in the most desirable 
position for the examination of a certain s[)ecimen, if a, sample of 
difterent thickness be placed on the stagi*, tlu‘ microscope must be 
lowered oi‘ raised, with the i-esult that the light is no l()iig(U‘ in the 
proper position and must again be adjusted. To avoid this trouble- 
some manipulation, the stage of the microscope is made adjustable 
in height by tui’ning tlie milled h(‘ad T^'. When the object is too 
thick to be placed on the stage, the latter may be turiu'd to one side 
and the preparation laid on the foot of the microscope. FYr still 
larger pieces of metal, the stage may be I’emoved altogether, th(‘ 
body of the instrument turned around 180°, and the metal placed on 
the table by the side* of the stand; oi- the body of tiie microscope is 
connected directly with its foot, for which ])ur])ose the inteiniediatt^ 
piece bearing the stage must be removed. 

Prof. Hejtii’s method for the })r(^parati()n of the sam])le is as 
follows : — 

The piece of nadal to be examined has two of its sides planed off 
and made parallel. The up})er surface is polished until it is free 
from scratches. It is then washed with absolute alcohol, and wiped 
with a soft clean cloth in order to remov(‘, all fatty substances. The 
polished surface is next surrounded with a layer of wax so as to foim 
a rim projecting a little abov(‘ the surface. Being plac'ed horizon- 
tally, pui'e concentrated hydi-ochloric acid is poured oviu’ it to a. 
depth of about three millimetres, and allowed to ac^t for five minutes. 
It is then poured ofl’, and the surface covered with concentrated 
ammonia. Tlie w.ax is removed, and the surface wi})ed diy with a, 
soft cloth. A little oil is next poured over it and allowed to remain 
for fifteen minutes. 

It is then dried again and rubbed on a piece of chamois leather 
until it assumes a shiny appearance. 

When large piec*es of metal are to be examined, small portions 
must be polished by hand and etched as described above. 

Figs. 208 and 209 are photomicrographs taken with this instru- 
ment, which are self-explanatory of the nature of the work it does. 

Tank microscopes (also «dled aquarium microscopes) have, for' 
certain kinds of work, a value of their own. They may be used 
with low powers outside the glass or above the water ; or the 
object-glass may be pi'otected by a water-tight tube outside it, and 
with a disc of glass fixed (also water-tight) into that end of the tube 
which stands below the front lens of the objective, at a proper 
distance for the focus, may then l>e plunged into the aquarium. 
Indeed, the tube of the instrument may be so protected as to work 
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Between the ends of the Imr sli<]t‘s an arm carrying a sprung 
socket, and the arm can be clamped at any given point of the bar. 
Through the socket is passed a glass cylindei*, cemented to a brass 
collar at the upper end, and closed at the lower by a piece of cover- 
glass. Into this cylinder is screwed the body-tube of the microscope 
with eye-piece and objective, which are thus protected from the 
water of the aquarium. The microscope is focussed by i*ack and 
pinion (milled head just below the eye-piece), and in addition the 
objective is screwed to a draw-tube, so that its position in the cylinder 
may be approximately regulated. 

The arm of the socket is hinged to allow of the microscope being 



inclined in n plane par;illel to the sides of the aquaiium. The lower 
milled head clamps the hinge at any d(‘sired inclination. 

The socket also rotates on the ai-m, so tliat the microscope can be 
inclined in a plane parallel to the front of the aquarium. Thus any 
point of the aquarium can be reached. 

As an adjunct, and admirable aid to the student of the tank and 
pond, as well as a simple and easy means by which specific forms of 
microscopic life may be found ami l oadily taken, we call attention 
to the tank microscope of Mr. C. liousselet. It is illustrated in fig. 
211 and scai cely needs further description. 

One of Zeiss’s Steinheil aplanaticr lenses, to which we have 
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referred, is carried on a jointed arm, wliicli is cl;\in])ed to tlu* t;ink.* 
the tank being nowhere deeper tluin tlu^ i'aiig<‘ of foc us of the* Ions 
employed. The arm moves on a jilane parallel to the sick* of t he 
tank, and the lens is focussed by means of a rack an<l pinion, 
arranged upon the body 
of the clamp, as seen 
upon the left-lrnid 
corner of the figure'. 

The following points 
will recommend them- 
selves to those who are 
in the habit of looking 
at their captures with 
the pocket lens in the 
ordinary way : — 

When an object of 
interest is found, it ca,n 
be followed with the 
greatest ease anci taken 
up with a pipette, both 
hands being free for this 
opei'ation. 

It so frequently 
happens that a minute 
object is lost simply by removing the pocket lens for an instant to 
take up the pipette ; in the above apparatus the lens remains in the 
position in which it has been placed. By a new pi*ocess glass tanks 
are made with melted seams ; these cannot possibly leak, and ai’e to 
be pi-eferred to those with the ordinary cemented joints. 

^ We prefer to have a stand or * rest’ for the tank, and on one side of tliis a firm 
pillar to which (and not to the side of the aquarium) the jointed arm is clarniied. 
This enables shallower and deeper tanks to be employed without shifting the rack 
carrying the lens. 




2/0 


CHAPTER IV 
ACCESSOHY APPABATUS 

This chapter on apparatus accessory to the microscope mi^^ht be 
easily made to occupy the whole of the space we propose to devote 
to the entii’e remainder of the book ; the ingenuity of successive 
microscopists, and the variety of conditions presented by successive 
improvements in the microscope itself, have given origin to a 
variety of appliances and accessory apparatus that it woidd l)e futile 
in a practical handbook to attempt to figure and describe. We j)i*o- 
pose, therefore, only to describe, and to explain tlie mode of success- 
fully employing, the essential and the best accessories now in use, 
neglecting, or only incidentally referring to, those wliich are either 
supplanted, or which }a*esent modificjitions either not imj)ortant in 
themselves or accounted for by the fact of their production by 
different opticians. 

I. Micrometers and Methods of Measuring Minute Objects. — It 

is of the utmost importance to be able with accuracy, and as much 
simplicity as possible, to measure the objects oi* parts of objects that 
are visible to us thi’ough the microscope. 

The simplest mode of doing this is to project the magnified 
image of the object by any of the methocls desci'ibed under 
‘Camera Lucida and Drawing.’ We carefully trace an outline of 
the image, and then, without disturbing any of the arrangements, 
remove the object fi*om the stage, and replace it with a ‘ stage mici-o- 
meter,’ which is simply a slip of thin glass ruhal to any dcsir(*d scales, 
such as tenths, hundredths, thousandths of an inch and even less. 
Trace now the projected image of this upon the same pa-})er, and th(‘ 
means are at once befoie us for making a comparison })etween the 
object and a knoivfi scale, both being magnified to the same extent. 
The amount of magnification in no way affects the pi-obleni. Thus, 
if the drawn picture of a certain object exactly fills the interval 
between the drawing representing the *01 inch, the object mejisures 
the *01 inch, and whether we are employing a magnifying power of 
a hundred or a thousiind diameters is not a- factor that enters into 
our determination of the size of the object. In fi\ct, all drawings of 
microscopic objects are rendered much more practically valuable by 
having the magnified scale placed beneath them, .so that measure- 
ments may at any time be made. 

In fiivour of the above method of micro-measurement, it will be 
noted (1) that no extra apparatus is required, (2) that it is extremely 
simple, and (3) that it is accurate. 
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The most efficient piece of apparatus (hr ini(*ro measurement is 
without doubt tlie sCREW-:MnM{oMKTKi{ Kvi: i*ii:( 1:: it was inxciited 
by William Gascoigne in 1639 for telesco[K‘s. and it well constructed 
is a most valuable adjunct to the microscope*. It is made by 
stretching across the field of an eye-piece two extremely fine pai allel 
wires, one or both of which can he separated by the action of* a 
micrometer screw, the circumference of the brass luwl of which is 
divided into a convenient number of parts, w iiich successively pass 
by an index as the milled head is turned ; it is seen in fig. 212, B. 
A portion of the field of view on one side is cut off at right angles 
to the filaments by a scale formed of a thin plate of brass having 
notches at its edge, whose distance coiTesponds to that of the threads 
of the screw, every fifth notch being made deepier than the rest to 
make the work of enumeration easier. Formerly one filament was 
stationary, the object being brought into such a position that one 
of its edges appeared to touch the fixed wire, the other wire being 
moved by the micrometer screw until it appeared to lie in contact 



Fig. 212. — The micrometer eye-piece. 

with the other edge of the object ; the number of entire divisions 
on the scale then showed how many complete turns of the screw had 
been made in the separation of the wires, while the number of 
index -points on the edge of the milled head show ed the value of the 
fraction of a turn that might have been made in addition. Usually 
a screw with 100 threads to the inch is employed, which gives to 
each division in the .scale in the eye-piece the value of ^ ^^ytli of .ni 
inch, whilst the edge of the milled head is usu.ally divided into 100 
parts. 

Both wires or filaments lia-ve since been made to move, a screw 
and divided head being fixed to the statiou.o y w ire. ddiere is no 
advantage in this plan, au<l it involves iH‘e<lless complexity in calcu- 
lation. The best method, there can be no <loubt. is the one employed 
by Mr. Nelson, which is to have one thread lixi'd. but not in the 
centre of the eye-piece, but five notches in the scale fiom the centre 
on the side furthest from the screw-head. This not only permits of 
a much larger object l>eing s])aniu‘d, but also kee])s the average of 
measurements in the middle of the ‘ liihl. This is not onlv 



2/2 


ACCESSOKY APPAKATUS 


convenient but importnut, b(H*:uist^ t\\v uia^uiticatiou is not uniform 
throughout the field. If the power employ eJ is high, in order to 
effect tlie span of tlu‘ gi <‘at magnification, one wire (the fixed 
one) will l)e in the middle of the field, the other at the margin, and 
the comparison will not bo tiaie on account of the unequal magnifi- 
cation of the eye-piece throughout the field, whereas if the wire be 
placed five notches on one sides both measurements are brought more 
within the centre of tla^ field. 

Messrs. Zeiss now make a Ptamsden micrometer eye-piece. - It is 
provided with a glass ))lat(‘ with crossed lines, which together with 
the eye-piece are^ eai l ied across the image formed by the objective 
b\^ means of the measuring screw, so that the adjustment always 
nmiains in the centre of the field of view. 



Fie. 213. 


Fig. 218 illustrates this instrument, complete and in longitudinal 
section. 

Each division on the edge of the drum corresponds to 0*002 mm. 
Whole turns are counted on a numbered scale seen in the visual 
field, and the image m.ay be measured up to 8 mm. 

A modificfition of this instrument, fiicilitating both accuracy and 
simplicity, was in 1890 devised by Mr. Nelson,^ of which we think, 
highly, and of wliich we give an illustration in fig. 214. 

This screw micrometer eye-piece differs from those of the old 
form mainly in two respects : first, the optical part is compensated ; 
secondly, the micrometer part with both webs can be made to 
traverse en hloc the field of the eye-piece by screw motion. 

More particularly s])«‘aking, the instrument consistsof two parts : 

1 Jou rn. B. M. S. 1890, p.. 508. 
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one, a flat recta nnulnr Box coiifainiiiiif t]u‘ fixed and inovai)l(* weBs, 
the micromet(‘i- s( i ('\\ , aial divi<l(Ml Iit'ad coiiipB^t »> ; tlic otBei- pai t 
may be called an • adaptio*/ with an outer l asi' to Bold tlie 

above-inentdoned rt'ctann'ular Box. 

The flat iniua- Bi)x Bas a screw attaclied to it wliicB eiiuaiics w it B 
a head on the extta ior of t,Be outer box. This i]fiv(‘s about oin‘ iiu'h 
of screw iiiovemeut to the inner box, which caiix's the w(*l)s to 
traverse the field of the microscope. It must l)e nMmanBt'rcd t hat 
this in no way affects the movement of the inovaBh* \\«‘B liom the 
fixed, whicli can alone be accomplislied by turning the graduated 
micrometer liead as in tlie old form. 

The ‘ eye-piece adapter’ portion of the instruimmt is. as its name 
implies, merely an adapter to bike the optical part of positive com- 
pensjiting eye-pieces of vai-ious poweis. 

Immediately below the web is an iris diaphragm. Tdiis pcainits 
a diaphragm to Be used suitable to the power of the eye-piece 
employed. A guiding line at right angles to tlie welis has been 
added. (Jare must be taken to observe that when the movable web 
coincides precivsely with the 
fixed web, the indicator on the 
graduated head stands at zero. 

If this is not the case, the 
finger screw must be loosed, 
which will liberate the gradu- 
ated head, and then it can he 
placed in its proper position 
and fixed. Tins is of universal 
application to all serexv micro- 
meters. 

Four points are gained by 
this ari-angement : — 

The (*om})ensatlng eye- 
piece yields far better defini- 
tion when measuring with apochromatic objectives than either the 
Huyghenian or Ranisden forms. 

(2) Different- powaa-ed eye-pieces can be enpiloyed. 

(3) By means of tlu* screw which mov(‘s t h(‘ micrometer webs 
across the field it is possiBU* to perform measurements w ith the w^ebs 
ecpiidistant from the centre of the field, and thus eliminab' errors 
due to distoi’tion. 

(4) The pi'eceding :id\aid,age is stH-ured without sacrificing the 
benefit of a fixed ziu-o w i'B. 

Messrs. Zeiss havi* since* adapted the com]H‘ns:d ing (‘yr-))it‘ce to 
their best sciew' mici ometcr. 

To use the, screie m i('r<nneler trith sf/ccess it should not lie insei'ted, 
as the custom has Ixm'u. liki* an oi-dinary eyi* ja’orr into the fuBeof 
the micros(*ope. But il sluHiJd Itfrrr (t JirtH sf/ntd iimh t iidrjteHdenfli/, 
pi'eventing actual contaci with the* Body tuBo. 

Plate II. gi\es the mode of it s employment, the illusti-ation Bei ng 
made from a jilotogra ph Bv Mr. Xi'lson. d’hi* uiici ()met(‘r ( Vi* piece, 
it will Be s(*(m. is fitti^d iut.o a stand wholly independent of the 

T 



Fio. 214, — Nelson’s new form of screw 
micrometer eye-piece. 
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microscope. This consists of a strong upright, fitted into a massive 
tripod or circular foot. The foot in either case only rests on three 
points ; the upright is cjipable of telescopic extension by a, clamping 
tube ; a short tube which takes the eye-piece is fixed to this upright 
by a compass joint. 

To use it, the object to be mejisured is placed in position, and 
the microscope inclined in the usual way. The ordinaiy eye-piece 
is removed, and the separate staml with the mitTometor in its place 
is put in front of the microsco})e, the extension tube being raised or 
lowered until the tube at the top of it, carrying the micrometei*, is 
made continuous with the tube of the microsco})e, as seen in the 
drawing. It is well to leave from ^th to i ^.ths of an inch of space 
between the body-tube and the micnmieter tube. It will be now 
needful to employ c )rrections to compensjite for the inci’eased length 
of tid)e. If the objective be provided with a • correction collar ’ the 
adjustment must be I’e-corrected ; but if it is not so provided the tube 
of the mici'oscope must be shortened exactly tis much as the tube 
carrying the micrometer will have lengthened it. 

By this arrangenamt it will be found that mani})uLition can be 
effected Avithout the vibration of the microscopical image which is in- 
evitably the I'csult of the revolving of the micrometcT screw head when 
the micrometer eye-piece is placed, as it usually has been, in the body- 
tube- of the microscope. The consecjuenco is that much more minute 
spaces can be measured, and with much great(n* accumcy. Mi*. 
Nelson has repeatedly spanned the ,,,\,^,th of an inch by means of 
St stsige micrometer in the focus of the objective ; this wsts rephiced 
by a mounted s[)e(amen Am pellncida^wmX he hsrs counted 
ninety-six lines in the of sin inch by making the movsible wire 

psiss successively over them until the fixed wire wsus resiched. By 
similsir mesins the Editor Iris mesisurcd single objects less than the 
i inch. 

It will Imve been [)i*emised by the careful residei* that the stage 
micrometer must lie used in eveiy set of mesisurements ; sit least we 
would strictly emphasise this sis the only siccursite sind scientific 
method. It has been advised that si recuird of compsirisons with the 
various lenses in the possession of the microsc-opist should be made 
once for all. We decidedly deprecsite this method, unless it be in 
such utterly vsilueless work, sis is sometimes done, Avhei*e lenses are 
imcorrected smd accui*acy of tube-length forgotten oi* ignoi*ed. The 
coi‘i*ection of sin objective sind the tube-length ought to vary with 
every object, and therefore si compsirison of the stage-mici'ometei* 
and the screw-micrometei* should be made with every set of measure- 
ments. 

Moreover, the majority of stage micrometers exhibit very con- 
siderable discrepancies in the several intervals between the lines ; 
it is well in the interests of accuracy to take the screw vsilue of esxch 
under a high power, find the value of the average, and then note the 
particular spsice or spaces that may be in agreement with the siverage 
and always use it. An illustrsition will make this clear, 

Zeiss provides a stage micrometer of 1 mm. divided into '1 and 
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The Abkan-gemekt of Micboscope with Stand for -Micbometek Eve-piece as empeoyed to seccbe Steadike, 
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TO OBTAIN THE VALUE OF A MICROMETER INTERVAL 2/5 


•01 . The following ar6 ^lie actual values obtained for each of the *05 

divisions, viz. : — „ ... 

o'4U 

8-;i7 

8-38 

8*38 

8*36 

8-3G 

8*58 

8-33 

8-31 

8-47 

8*33 

8-33 

8*38 

8-44 

8-38 

8-40 

8-37 

8*40 

8-25 

8-38 

2p)U)-7()^ 

8*38 mean value. 


In this instance it will be seen tliat tlie last division. 8*38, agrees 
with the mean, and is the best for all future nse.^ 

Having thus obtained a screw-micrometei* value for a certain 
known interval, the screw-micrometer value for any other object 
being known, the size of the object may be found by simple ])ropor- 
tion ; thus, viz. if 8*38 is tlu^ screw-micrometer value for *05 mm. 
and G’45 that for a certain object, the size of the object is 


(i) 


8-:)8 : 6-45:: 
(r45 X -05 
8-38 


•05 : X mm. ; 
= *0385 mm. 


If the answer is required in fractions of an English inch, all that 
we need remember is that 1 inch=25*4 mm. ; then 

(ii) 8-;i8 : (5-45:: : x inoli ; 

6-45 X -00197 -0127 nmnr- i 

;r= = =-00151 5 inch. 

8*38 8-38 

If the stage-micrometer is ruled in fractions of Englisli inches, 
then suppose the screw-mici*ometer value for i-( 7 \,,)th inc}i=4’257, 
and that for the object=6’45 as befoi-e, 

(iii) 4-257 : 6-45:: -001 : .r inch ; 

6-45 X *001 AAiKir- 1 
x= — ...... — = 001515 inch. 

4-257 


’ In the number given for screw value the whole number stands for a complete 
revolution or number of revolutions of the screw head, and the decimal, the jiortion 
of a revolution read off beyond this. 

T 2 
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If the answei- is required in metrical measurement, then as 1 
inch=:25*4 mm., 

(iv) 4*257 : 6*45 :: (*001 x 25*4) : xmm.; 

6*45x 0254 *1638 

x=z . = =*0385 mm. 

4*257 4*257 

In this connection it will he as well to give two examples of 
sc*ale comparison which ai*e sometimes required. Thus you have a 
certain intei val on a metrical stage micrometer which you know to 
he accurate, and you wish to compai*e an English stage micrometer 
with this scale in order to find out which particular interval of 
inch agrees with it. Suppose *05 mm. =8* 38 screw value as above, 
then all that is necessaiy is to lind the point to which the sci*ew 
micrometer must be set in order that it may accurately span the 
inch. Tiike 1 inch=25*4 mm. as before ; then *001 inch= 
•0254. 

(v) *05111111. : *0254 mm. :: 8*38 : x .screw value; 


•05mm. : *0254 mm. :: 8*38 : x .screw value; 

*0254 X 8*38 . , 

.>;= =4*257 screw value. 

*05 


Conversely, if a. metrical scale is to becom|)ared with an accurate 
English one where *001 inch =4*257 screw value, then tlie screw 
value for *05 mm. may be found thus: *001 inch = *0254 mm. 

(vi) *0254 mm. : *05 mm. :: 4*257 : x screw value; 

;r= screw ^•alue for *05 mm. 

•0254 


A cheap substitute for the screw! micrometer has been devised liy 
Mr. (i. Jackson. It (‘on.si.sts in liaving a. trans])arent arbitrary scale 

inserted into an or- 
dinary H iiygl 1 eniaii 
eye-])iece in the focus 
of the eye-lens, so 
that it will be in the 
same plane as the 
magnified image of 
the oliject to be 
measured. It is seen 
in fig. 215. The 
method of using it is 
jirecisely similar to 
that of the screw 
micrometer ; the 
value of inch or 

i’,, mill., as the case 
may be, is found in 
Fig. ‘ 215. — Jackson’s eye-piece micrometer. tei'llis of the ailiitrary 

scale. The value of 

the object in terms of the .same .scale i.s also found, and comparison 
made accordingly. All that need be done is to substitute the terms 
of the arbitraiy scale for sci*ew values in the preceding exaiiijiles, and 
they will meet the ca.se. 
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The arbitrary scale should be (capable of movement by a screw, 
otherwise the appliance is hardly as accurate as the first im^hod of 
micrometry by simple di'awing described above. ^ 

Of all the methods of micrometry the most riccui'ate is that 
performed by photo-micrography. A negative of the object to be 
measured is taken, and then, witlu)ut any alteration in tube- or 
camera-length, the magnified image of the stage mici'ometer is pro- 
jected on the ground glass ; this is s[>aniied by means of a pair of 
spring dividers. The negative film is then scratciied by these 
dividers. Then you are in a position to make the most accurate 
measurement the microscope is capable of yielding. 

It is exceedingly important, when })erforming mi(a*ometric 
measurements, to I'ememher that the })i-ecise edges of all obje(‘ts in 
the microscope art^ nevei* seen. Oonsecpiently it is impossible to 
ascertain from what ])oint to what point the measurement is to be 
made. 

This, while hardly ailecting large and coarse objec*ts, becomes 
supremely important with small objects. 

Instead of a- real edge to an object you get difii’action bands. 
These bands alter with focus, and also to a. greater extent with the 
angle of the illuminating cone as well as with the a})ei*ture of the 
objective. Hence it ensues that the accurate micrometry of delicate 
objects presents one of the most difii(*ult matters encountered in 
practical microscopy. At the pivstmt time opinions difier greatly 
as to the treatment of particular cases. 

The following plan of Mr. Nelson’s is the outcome of a long series 
of experiments : — 

1. The focus and adjustment to he chosen may he termed that of 
the ‘ black dot ’ (.sc<, Elimination of Errors of Interpretation) ; 
in other woi’ds, if the object were a slender filament it would he 
represented white with black edges. These black edges are due to 
diffraction. If the filament is very slendei* and the illuminating cone 
small, thei*e may he seen a white diffraction edge outside the black 
one, and perhaps another faint black one outside that again. 

2. Reduce as fai’ as })ossihle the extent of these diffraction bands 
by ((i) using an objective with as large an a})erture as possible ; (h) 
by using as large an illuminating cone as possible. 

3. Measure fr(mi the inner edge of the inner diffraction band to 
the inner edge of the innei* diffraction band on the opposite side. 

4. But if the diametei* of a hole be required, then the measure- 
ment must be made from the outer edge of the outer black diffraction 
band to the outer edge of outer diffraction band on the opposite side. 
It must not be forgotten, however, that these rules only apply for a 
particular focus and a particular adjustment. 

II. The Camera Lucida and its Uses. — There are a large number 
of contrivances devised for the purpose of enabling the ohservei* 
to see the image of an object projected on a surface upon which he 
may trace its outlines, hut they resolve themselves practically into 
two kinds, viz. : — 

1. Those intended for use when the microscope is in a horizontal 
position. 
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2. Tliose ])i'()vi(UMl for it when used in a vertical position. 

We sliall <lescril)e what we (H)nsider the most practical forms of 
each. 

In point of antiquity Wollastom! s ccmiera lucida claims the post 
of honour ; but to use it the mi(a*oscope must be placed in a hori- 
zontal position. Its general form is shown in fig. 216. The rays 
on leaving the eye-piece, above which it is fixed by a collar, enter a 
prism, and aftei* two internal reflections pass upwards to the eye of 
the observer. It is easy to see a projection of the microscopic image 
with this instiannent, but it is when we desiie at the Siime time to 
see the paper and the fingers holding the pencil that the difiiculty 
begins. The eye has to be held in such a position that the edge of 
the prism bisects the pupil, so that one-half of the pupil receives 
the microscopic image and the other half the images of the paper 
and the hand employed in drawing. If this bisection is not equal, 
too much of one image is seen at the expense of the other. This 
was ill some sc^nse supposed to be compensated by the use of lenses, 
as seen in the figure ; but the difiiculty of keeping the eye precisely 
in one position has caused this instrument to fall into disuse, several 

cameras being now devised free from 
this defect. It has nevertheless one 
special point in its favour — it does 
not invert the image, causing the 


Pig. 216, Fig. 217. — Simple camera. 

light to be tui-ned to the left, .and vice versa. This is an advantage 
the value of which we shall substapiently see. 

A simple canuaa w.as liy Soemmering by means of a small 

circular reflectoi', usually made of highly polished steel, which is 
[)la(‘ed in the path of the emergent pencil at an angle of 45° to the 
()[)tic axis, thus reflecting rays from tlu' image upwards. The 
instrument, though rarely used now, is shown in fig. 217, and slides 
on to the eye-piece. The reflector musi, b(‘ smaller than the pupil 
of the eye, because it is tlirougb the peripheral portion of the pupil 
that the rays, not stopped out by the mirror, come from the papei* 
and pencil. Hence, as in the case of Wollaston’s camera, the pupil 
of the eye must be kept perfectly centred to the small reflector. 
As there is but one reflection, the image is inverted, but not trans- 
posed. To see the outline of tlie image* ,as it is in the microscope, 
the drawing must be made n|H)ii ti-.acing j)a|)('r, and inverted, looking 
at it as a tiansparency from the wrong side*. 

There is considerable variety in the* (‘.\|(e*rience of difterent 
microscopists as to the facility with wlne*h tlie*se‘ two instruments 
can be useel. The difference in all probability depe'iids on the 
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greater normnl dinnieter of the pupils of flu* ('vcs of' .souk* ()l)s('rv(M s 
in comparison willi that of others’. 

JJ7\ TAonel Beale devised oi\e of the simplest cameras^ which has 
the advantage of being thoroughly efficient. It consists of a piece 
of tinted glass placed at an angle of 45° to the optic 
axis, in the path of the emergent pencil. The idea 
was first suggested by Amici, but he employed un- 
coloured glass ; Dr. Beale made it practical by the 
employment of tinted glass. The first surface of the 
glass i*efiects the magnified image upwards to the eye, 
the paper and pencil being seen through the glass. BeaTe’s dmera. 
Tn its simplest form it is seen in fig. 218. The glass 
is tinted to render the second reflection from the internal surface 
of the glass inoperative. The reflection of the image is identical 
with that of Soemmering’s. 

Another camera lucida, of some merit is that devised by Amici, 
and adapted t(^ the horizontal microscope by Chevalier. The eye 
looks through the microscope at the object (as in the ordinary view 
of it), instead of looking at its projection upon the paper, the image 
of the tracing point being projected upon the field — an arrangement 
which is in many respects more advantageous. This is eflected by 
combining a perforated silver-on-glass mirror with a reflecting 
prism ; and its action will be understood by the accompanying 
diagram (fig. 219). The ray a 6 proceeding from the object, after 
emerging from the eye-piece of 
the microscope, passes through 
the central perforation in the 
oblique mirror M, which is placed 
in front of it, and so directly 
onwards to the eye. On the other 
hand, the ray a', proceeding up- 
wards from the tracing point, 
enters the prism P, is reflected 
from its inclined surface to the 
inclined surface of the mii*ror M, 
and is by it reflected to the eye 
at i', ill such parallelism to the 
ray h proceeding fi*om the object 
that the two bl(*nd into one 
image. 

A \alual)l(* aial .simple little 
camera was <1(‘\ IscmI by Mr. E. M. 

Nelson in 181)4.' ft takes into 
account the fact that while that 
form known as Beale’s neutral tint (fig. 218) has been of great 
value and persistence, it is yet a defective fonu ; tlu‘ iuici ()sco})i(‘ 
image as i-e(vived at the eye-piece is imaatod and tr.ujsposed. 
Beale’s camera conccts ihc imersioii. whilt' it lca\(‘^ ila' tians[)()sj- 
tion unaltered; therefore all the objects drawn with this camera 
are unlike the originals. In illn-^tration place the letter F 
^ Journ, B, M. S. 1895, p, 21 ct seq. 



Ftg. 219. 
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the stage in the position as here printed ; when examined by the 
microscope it will appear thus J . In order to look at this letter as 
the original, all that we have to do is to turn this paper i*ound. 
But this object, as drawn by a Beale’s cjiinera, will appear and no 
turning of the j)a})er cjin cause it to appear as the original ; it will 
only become so when it is viewed as a transparency fi*om the othei* 
side of the paper. 

This is, of course, important in many mattei*s with which the 
microscopic biologist is concerned. 

In many foians of camei*a- this difficulty has been ovei'come by 
reflecting the image of the paper and pencil down the tube of the 
microscope. The di*awing thei’e made will be inverted and trans- 
posed, but by turning the picture round we at once get a correct 
representation of the object itself. 

The new cjimeia devised hy Mr. Nelson consists of a right-angled 
prism or small glass miiror fixed at an angle of 45® to an eye-piece 
cap. This, when the microscope is placed in a horizontal position, 
reflects the lays horizontally and at right angles to the optic axis ; 
these rays then fall on a piece of neutral -tint glass placed at an 
angle of 45® to thosi^ rays so as to reflect them upwards to the eye. 

The mirror (‘orrects the transposition, and the neutral-tint the 
inversion ; an erect vauujc Is therefore seen on the table. The neutral- 
tint glass is mounted on a, pivot so that it may be tuiaied round at 
a light angle ; this adapts the instrument foi‘ use with either the 
light or left eye. Should the light be too strong, it must be 
modified by screens, not by change of f(K*us in the condenser, assum- 
ing that the perfect image has been obtained. 

On the important subject of the inversion and transposition of 
microsco})ic images biief but valuable data are given and put in the 
clearest light, thus : — 


8 

/ Image proicctorl on hCieeii 
I or on iseiiisitive plate. 


4 

linage seen through 
ground glass. 

F 


Object on the 
stage. 


Image seen through 
the e} e-piece. 


Image seen through Woll- 
aston’s camera. 


Image projected on tabh^ 
by 45*^ mirror or light- 
angled prism, as devised 
bv 0. W. Cooke. 

F 


linage seen through 
Beale's neuti’al tint or 
Soemmering’s reflector. 


Image seen through Nel- 
son’s camera. 


The in.strument referred to in (7) of the above table of inversion 
and transposition in mici’oscopic images is a somewhat distinct form 
of ciimera called by Mr. Conrad W. Cooke, who devised it in 1 865, a, 
‘ Micrographic Camera.’ Tlie projection of the image is dependent 
on a silvered mirror fixed at 45®, or a right-angled prism. By the 
ari’angement of this instrument an image can be thiown on a sheet 
of paper placed in a horizontal position, so that one can readily trace 
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on the paper the outlines and details of the image with east* and 
accuracy; only it must be remembered that tlu* mirror or prism 
erects the inverted image (No. 2 in the above table), but its trans- 
position is due to the fact of its not being viewed as a t rails] tai ency. 

This instrument is also useful for the purpose of deiuoiistiating 
where two or three persons may Jit the same time examine the 
image, and it can be used on many opaque objects, and objects pre- 
sented by dark ground illumination ; but to use it the external light 
must be carefully sci’eened from the observer. 

Coming now to the second group of cameras, there stands first on 
the list an instrument devised by Professor Abbe ; although, like 
many ‘ new ’ apparatus for the microscope, the idea it embodies is 
not a new one, but was suggested for micrometric purposes by Mr. 
G. Burch in 1878 (,Tonrn. Q^iek. Mio'o. Cluh^ v. p. 47). We have 
used this admirable instrument with complete success. 

The accompanying drawing (fig. 220) will at once show the 
simplicity of its action. The image of the papei* and pencil coming, 
say, in a vertical direction (S 2 fig. 220), is reflected by a large mirror 



in a horizontal direction, W, to a cube of glass which has a silvered 
diagonal plane w ith a small circular hole in it in the visual point of 
the eye-piece. The microscopic image is seen directly through this 
aperture in the silvering of the prism, while the silvered plane of 
the })i-ism transmits the image of the paper and the opemtor’s fingers 
and pencil. By the concentricity thus obtained of tlu‘ bundle of 
rays reaching the eye from both the microscope* .md flu* ]);i])(*r, the 
image and the pencil with which it is to be drawn are seen coinci- 
dentally without any straining of the eyes. 

This instrument requires the paper to be placed in a plane 
parallel to that of the object ; thus, if the microscope is vertical the 
paper must be horizontal, and vice versa, and it presents the image 
precisely as it is seen in the microscope. For the purpose of di*awing 
simply, and whei’e the observer has had no experience in the use of 
a camera lucida, we should be inclined to recommend this one as the 
instrument presenting to the tyro the greatest facility. But there 
is a use to be made of the camera lucida to which thi.s one does not so 
readily lend itself, which is none the less of great importance ; that is, 
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the determining of the magnifying power of objectives. It is manifest 
tlia-t the distance between the paper and the eye of the observer 
cannot be so I'eadily determined in this case as in those forms of the 
instrument where the image of the paper and pencil is seen direct. 

The same apparatus aiTanged so that the prism casing together 
with the mirror may be swung back while the clamping collar 
remains on the tube in its adjusted position, is shown in fig. 221. 
The mirror has a surface of 75x50 mm. (3x2 in.), and may be 
inclined at any angle between the horizontal plane and 45°, the 
latter position being marked by a stop. The length of the arm 
supporting the mirror being 10*5 cm. (4 in.), it is only with very 
large drawings necessary to incline or raise the drawing surfiice. 

But the latest modification of this instrument is shown in figs. 
222 and 223, whei*e it will be observed that the cmnera is attached 
to the tube by means of the clamping-ring K, and the Abbe double 



prism is centred by means of the screws L and H. The brightness 
of the drawing surface and the micro.sco])ic image is respectively 
regulated by a cap II (uicasing tlie prisms, wiiicli is provided with a 
clear o|)(‘niiig and five moderating gla.sses of varying degrees of 
density, and by an eccentric disc B pivoted l)elow the prisms, which 
is also [)rovided with a clear opening and five moderating glasses. 

In order to completely utilise the increased cone of emerging 
rays ol)tained with low magnifications, the usual prism, having in its 
silvering an aperture of 1 mm., can quickly and conveniently be 
exchanged for another with an aperture of 2 mm. 

The prism, together with the moderating glasses, may be turned 
aside about the vertical pin Z into the position indicated by the 
dotted lines shown in fig. 222. When the prism is returned to its 
original position it is fixed by a catch, which is not externally 
visible. 

In the use of a good drawing apparatus (1) the light from the 
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image must not to any serious extent be weakened by the light from 
the drawing material. (2) The image of the drawing paper must 



•Latest modification of Abbe’s camera 


I'c'nch the eye with the least possible inte nsity nnd be coaxial with the 
microscopic image. (3) There should Ik* nii airangement by which 


the relation of the intensities of these two images can be modified 
to suit each other. ( 4 ) The npjearatus must be adjiistalele in height 
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and capable of being centred in its horizontal plane. (5) It should 
be possible to easily sepai*ate the apparatus from tlie eye-piece and 
replace it again in its former position at will. (6) The image of the 
plane of the drawing, and the image of the microscopic object pro- 
jected on it, must be seen with the apparatus without distortion. 
As regards the first two conditions the arrangement of the original 
Abbe camera is adopted, viz. two rectangular prisms with the hypo- 
tenuses cemented together, of which one is silvei*ed, with a small 
portion of the silver deposit in the centre taken away, and with these 
a second mirror A, fig. 222, for transmitting the image of the plane 
of the drawing to this prism. But since one and the same prism, 
with a fixed opening in its silver deposit, cannot suffice for all 
pui*poses and changes of magnification, an ari jiiigement is added by 
which the prism P, fig. 223, with its fastening, can be easily taken 
out of the apparatus and replaced by another with an opening of 
different size. 

With respect to the thii-d condition securing a due relation 
between the intensities of the two images, an ai-rangement of two 
smoked-glass wedges was made to move over each other so as 
to form a plate of continuously varying thickness. This was most 
satisfactory but too costly, so smoked-glass plates were employed 
and set in the cylindrical wall of a small cap, B, figs. 222, 223, which 
was simply placed over the prism. Each smoked glass in turn can 
be interposed in the path of the rays by turning the ca]) on its 
upper edge until a small pin engages in a corresponding small hole on 
the lower edge of the cylinder. There are five smoked glasses of 
different densities of colour, while one apertui'e is left empty. 

The adjustment in height is satisfied by the apparatus l)eing 
attached to the body-tube by means of a, clamping screw, whih' the 
adjustment from side to si(h^ is effected by the prism, together with 
the cap and smoked-glass disc, being centred from front to back by 
means of a screw, H, figs. 222, 223, working through a spring socket, 
and from right to left by means of a second screw L, against which 
works a counter-spi*ing not shown in the figures. 

In ordei- to pass conveniently from obseivation through this ap- 
paratus to obseivation thi*ough the free eye-piece, the prism with its 
diaphi'agm arrangement can be rotated to one side about a vertical 
pin Z ; the retiu’ii of the prism to its central position is marked by 
a spring catch. To obtain drawings free from distoi*tion, a, drawing 
table similar to that described by Dr. Bernhard ought to be 
employed.^ 

This useful insti*ument has, however, been modified and made 
simpler by more than one opticJil firm. Messrs. Swift have con- 
structed a very handy and easily applied form, which is so arranged 
that the microscope may be employed with it not only in the 
vertical but also in an inclined position. It is illustrated in fig. 224. 

This camera lucida is precisely on the same principle as the Abbe 
form used for the same pui*pose, but being manifestly less bulky it is 
far more convenient and easier to use, although less efticient for very 
C4ireful work. 

^ Zeitschr. f. wiss, Mikr. xi. (1894), pp. 289-301. 
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When this form of cjimera is used, the paper upon wliieli the 
objeet is received should be tilted to the sjime plane as the stage of 
micToscope upon which the object rests, as this will prevent any 
marginal distortion. 

Another extremely good and easily applied 
modification of the Abbe form is manufactured by 
liausch and Lomb, and is illustrated in fig. 225. 

The Abbe prism is used as in the large Abbe 
drawing camera ; the mirror is leduced in size 
and is fixed. The path of the light is seen to be 
the sjime as the white dotted lines and arrows 
show, as in the complete form of Abbe ; and the 
camera may be swung back when not in use, as 
showui in the dotted outline. We can testify that 
the image off both object and pencil-point are cleai*, 
and this instrument am be used with most eye-pieces ; but oinnot for 
complete residts be counted equal to the drawing camera of Abbe. 

The Editor has used with great facility and success a camera devised 
by Dr. Hugo Schrddei*, and produced by Messrs. Ross. It is figured 
at 226, and consists of a (;ombination of a right-angled prism (fig. 
227) A B C, and a rhomboidal prism D E F G, so arranged that when 



Fig. 224. — Swift’s 
camera lucida on 
the Abbe principle. 



Fig. 225. -^Banach and Loinb’a modification of Abbe’s camera. 


adjusted \ eiy nearly in contact (i.e. separated I)y oidy a tliin stra- 
tum of air) the faces IlGand DEI ar(‘ [)arallel. and eonsc'Cjiuaitly 
between I) E and B ET flaw act tog(*lh<‘r as a tliiek paialKd plate of 
glass tbrongh wlneb the drawing paper and piaieil can be staoi. 
Tlu' ib()ni])oidal prism is so eon.struet (‘d th:d w lu'n tlu' laet^ G F is 
applied at right angl(‘S to tin* o])tie axis of tin' micr()seoj)(‘, tlu‘ axial 
ray 11 passc's without ridVaction to 1 on tin' iiittanal faee EF; 
whence it is iotali// relU'cted to J in the fie(‘ !)(!. At d a part of 
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the ray is reflected to tlie eye by ordinary reflection in the dii ection 
of J K, and a part transmitted to J' on the A (J of tlie right- 
angled prism. Of the hitter a portion is also leflected to K by 
ordinary reflection at J'. The hypotenuse face A C is cut at such 
an angle tliat the reflection from J' coincides with that from J at 
the eye-point K, thus utilising the secondary reflection to strengthen 
the luminosity of the image. The angle G is arranged so that the 
extreme marginal ray H' from tlie field of the B eye-piece strikes 
upon D G at a point just beyond tli(‘ angle of total reflection, the 
diftraction bands at the limiting angle being faintly <liscei-nible at 
this edge of the field.' This angle gives the greatest amount of 
light by ordinary reflection, short of total reflection. 

In use, the microscope should be incliiu'd at an angle of 45°, and 
the image focussed through the eye-pieci^ as usual ; the cainei'a is 
then placed in position on the eye-piece, and pushed down until the 
image of the object is folly and well seen. The drawing paper 
must be fixed upon a table on a level with the stage immediately 


ic 



Fio. 2*20. — Schroder’s Fig. 227, — Diagram explaining Schriider’s camera lucida. 

camera lucida. 


under the camera. The observer Avill then see the microscopical 
image projected on the paper, and the fingers carrying the pencil 
point will be clearly in view, the whole pupil of the eye being 
available for both images, the diaphragm on the instrument being 
considerably larger than the pupil. 'TIh* (‘ve may be removed as 
often as required, and, if all is allow (“d io i*emain without alti'ration, 
the drawing may be left and r«H*ommenced without the slightest shift- 
ing of the image. 

If a vertical position of the mici*oscope be needful, this may be 
done by inclining the table and drawing paper to an angh* of 45° 
either in front or at the side of tin* miei-oscope. Foi- accurate 
drawing, in all azimuths, the drawing pa[M‘i* should of course coin 
cide with the ])lane of the ojitical image*. \\ hen tin* ))aj)ei- is in its 
proper posit ion. the limiting eii-cl<* of the held of tlu* microsco])(‘ 
will 1)(* proj(‘ct(‘d as a true circle, hut if otlau’wise it will a|>])(‘ar 
elliptical. It is recomm(‘nd(‘d tluit :\ circh* about the size of the 
field be drawm upon tlu* j>aper, an<l its coincidence with the projected 
fitdd compared. 
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This camera may be used with a hand-magnifier, or with simple 
lenses used for dissection and other purposes. 

With one or other of the foregoing contidvances, every one may 
learn to draw an outline of the microscopic image ; and it is extremely 
desirable for the sake of accuiucy that every i*epresentation of an 
object should be based on such n delineation. Some persons will use 
one insti-ument more readily, some another, the fact being that 
there is a sort of ‘ knack ’ in the use of each which is commonly 
ac(piired by piactice alone, so that a person accustomed to the use 
of any one of them does not at first work well with another. 
Although some persons at once acquii-e the power of seeing the 
image and the ti-acing point with equal distinctness, the case is more 
frecpiently otherwise ; and hence no one should allow himself to 
be bafilecl by the failure of his first attempt. It will sometimes 
happen, especially when the Wollaston prism is employed, that the 
want of power to see the pencil is due to the faulty position of the 
eye, too large a part of it being over the prism itself. When once 
a good position has been obtained, the eye should be held there as 
steadily as possible, until the tracing shall have been completed. It 
is essential to keep in view that the proportion between the size of 
the tracing aiid that of the object is affected by the distance of the 
eye from the paper ; and hence that if the microscope be placed 
upon a sup})ort of difterent height, or the eye-piece be elevated or 
depressed by a slight inclination given to the body, the scale will be 
altered. This it is, of course, })eculiarly important to bear in mind 
when a sei'ies of tr^icings is being made of any set of objects which 
it is intended to delineate on a uniform scale. 

A valuable adjunct to a camera, lucida is a small paraffin lamp, 
seen to the left of plate 111., which illustrates the correct rneithod or 
using the camera lucida. This lami) is simple, and is capable of being 
raised or lowei’ed, fitted with a paper shade, for a great deal of the 
success attendant on the use of the camera depends on the relative 
illumination of the microsco 2 )ic image on the one side, and of the paper 
and fingers and pencil of the executant on the other. It is not a 
matter to be determined by rules; personal equation, sometimes 
idiosyncrasy, determines how the light shall be regulated. Many 
finishetl micro-draughtsmen use a feeble light in the image and a 
strong light on the hand and paper, and others equally successful 
manipulate in the precisely i-e verse way. But upon the adjustment 
of the respective sources of light to the pei-sonal comfort of the 
draughtsman will depend his success. 

Care must be exercised in this work in the cjise of a'itical images. 
These must not be sacrificed either by racking the condenser into or 
out of focus, or by reducing its angle by a diaphragm. If the in- 
tensity of the light has to be reduced, it must be done by the inter- 
position of glass screens, and this is beautifully provided in Abbe’s 
camera. The illustration of how the various apparatus for the use 
of the camera lucida should be disposed, given in plate III., may be 
profitably studied. Both mirror and bull’s-eye are turned aside, 
and the hand and pencil are illuminated by the shaded lamp. 

The lamp illuminating the image is seen, with such a screen of 
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coloured glass as may be found needful, and the lamp illuminating 
the paper and pencil, and carefully shaded above, is also seen at the 
eye-piece end of the body-tube. Often, if the image is too bright, 
we find that bringing the lamp down to illuminate the paper more 
intensely suffices If not, use screens; the illuminating cone must 
not be tampered with. 

III. The Determination of Mag^nifying Power is an important 
and independent branch of this subject. For tJiis purpose, and for 
the reason given above, Beale’s neutral -tint camera. ^ is eminently 
suitable — indeed, is the best. We can easily and accurately measure 
the path of the ray from the paper to the eye. What is necessary is 
to project the image of a stage mici“omet(U' on to an accairate scale 
placed ten inches from the eye-lens of the eye-piece. There must be 
complete acciii acy in this matter. 

We can best show how absolute magnifying power is thus deter- 
mined by an example. 

Suppose that the magnified image of two j booths of an inch 
divisions of the stage micrometer spans i^^ths of an inch on a rule 
placed as required ; then 

(i) *002 inch : *8 inch :: 1 inch : .>■ power ; 

^ =400 diameters ; 

*002 


for it is obvious that under these conditions one inch bears the same 
proportion to the magnifying power that j „"()<iths of an inch bears to 
i^^ths of an inch. 

Suppose, now, as it sometimes happens, that the operator is pro- 
vided with a metrical stage micrometer, but is without a metrical 
scale to com[);ire it with, there being nothing Imt an ordinary foot- 
rule at hand. 

Let it ])eassTuned that the magnified image of two , mm. when 
projected covers iiu'h ; then, as there are 25*4 mm. in one inch, 


(ii) -02 mm. : (-8 inch x 25*4) :: 1 : x power ; 

•8X25-4X1 , 

,r= - = lOl b diameters. 


If the r(‘V(‘r.se is the case, viz. that you have an English stage 
micrometei- and a metrical scale, then, if the magnified image of two 
^yy^^,^ths of an inch spans 18 mm., 

(iii) *002 inch : 25^4 ’’ ^ * '^ ’ 

'7087 X 1 or/l Q T 
X— —= 354-3 diameters. 


The above i-esults indicate the combined magnifying power of the 
objective and eye-])iece taken at a distance of ten inches. The arbi- 
trary distance of ten inches is selected as being the accommodation 
distance for noi-mal vision. 

The magnifying [lower, however, is vei*y different in the case of 
* Page 279. 
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a myopic observer. Let us investigate the case of one whose accom- 
modation distance is five inches. 

Here he will be obliged, in order to see the object distinctly, to 
form the virtual image from the eye -piece at a distance of five inches. 
To do this he must cause the objective conjugate focus to approach 
the eye-lens ; cunsetpiently he must shorten his anterior objective 
focus. In other words, he must focus his objective nearer the 
object. This will have the effect of Ciiusing the posterior conjugate 
focus to recede fi*om the objective towards the eye-lens, and the fact 
of bringing the inver ted objective image nearer the eye-lens brings 
also the virtual image of the eye-lens near er. 

Shortening the focus of the objective has the effect of increasing 
its power ; but as this alteration is proportioiaitely very little, the 
increase in })Ower is very small ; but the slioi'tening of the eye-piece 
virtual from ten to five inches has the effect of nearly halving its 
power. Oonseqiiently the combined result of the eye-piece and 
objective, in the wise of halving the eye-piece virtual, is to nearly 
halve the })Ower of the microscope. The increase of the objective 
power is pi*actically so small that it may be neglected.^ In practice 
it is found by us that if the image is projected on a ground -glass 
sci’een ten inches from the eye-piece, the image is nearly the vsame 
size whether focussed by oixlinaiy or myopic sight. This is in 
harmony with Abbe’s demonstration that both images are seen 
under the s^ime visual angle. But, on the other band, if a myopic 
sight compares the iniage with a scale, the magnification will be 
less than with ordinary \dsion, because the observer with myo})ic 
sight must bi'ing the scale to a, shorter distance than ten inches 
in order to see it. 

To find the precise initial power of any lens, or to find the exact 
multiplying power of any eye-piece, is not so easy. A laborious 
calculation, involving the knowledge of the distances, thickness, and 
refractive indices of the lenses, is retpiired. But a very approximate 
determination, sutticiently accurate for all practical piii'poses, may 
))e easily iriade, especially if one has a photo-micrographic ctimera at 
hand. The principle is as follows : — 

Select a lens f)f medium power — a J^-inch is vea.y suitable. Now, 
with the microscope in a, horizontal position, and with a powerful 
illumination, project the image of the stage micrometer on to a screen 
distant five feet, measured from the front lens of the objective. If no 
photo-micrographic camera is at hand, it will be necessary to perform 
the experiment in a darkened room, shading the illuminating source. 
1 )ivide the magnifying power thus obtained by 6 ; the quotient will 
give the initial power of the lens at ten inches to a very near approxi- 
mation. 

The reason why the result is not pei fectly accuiate is that the 
ten inches must be measured from the posterior principal focus of 
the lens, and that is a point which is not given. But in the case of 
a power such as a it is, in pmctice, found to be very near the front 
lens of the objective. So by taking a long distance, such as five feet, 

1 Enghsh Mechanic, vol. xlvi. No. 11S5. Article on measurements of magnifying 
power of microscope objectives, by E. M. Nelson. 
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the error introduced l)y a small disjilac^aucut of the posterior prin- 
cipal focus does not niatei ially aniuunt to nuieli. 

There is a further error introduced by the a[)pr()ximation of the 
objective to the stai>-o nncroimder in order to focus tlie conjugate at 
such a distance, hut this is small. W h* can see, thereforiy that this 
error tends to sliglitly increase the initial magnifying power. 

The initial power of the | being 
found, and its combinetl magnifying 
powei-, with a gi\'eu <yye })iece, being 
known, the coml)in(Ml power divided 
by the initial powei- gives the multi- 
plying power of the eye-piece. Care 
must l)(‘ of course taken to notice the 
tu I >(' length ^ when the combined power 
is measured. The initial power of any 
other lens may Ix' found by dividing 
the combined power of that lens with 

Fio. 228.-Rotati„g disc of f cye-pjece, whose niultiplyirig power 
objectives. Benj Martin <letermined, by the multiplying 

[circa 1776). power of that eye-piece.^ 

Nose-pieces. — The term ‘ nose-piece’ 
primarily means that part of a microscope into which the objective 
screws, but the term is also applied to various pieces of apparatus 
which can be littcMl Ix-twinm the iios(^-pie(;e of the mici'oscope and 
the objective. There are, for instance, rotating, calotte, centring, 
changing, and analysing nose-pieces. 

Nose-pieces, although thought to l)e so, are not a modern idea; 
our predecessors of a century ago employed similar m(‘ans. Mr. 
Crisp has recently acquired a mici'oscope which possi'ssc^s a (louble 
arm, at the end of which is a cell for receiving difierent lenses. 
This cell fits over the cud of ila* nosc-picce. and so keeps the several 
objectives wbicli may lx* inserted in position. It dates, in all proba- 
bility, from the end of the seventeenth or the early part of the 
ei ght eei 1 1 h ( ‘en t \ 1 1 -y . 

But in th(* (‘arly days of the microscope rotating discs of objec- 
tives, as slunvn in iig. 228 (or, jieiliaps, older still, a long dovetailed 



Fig. 229. — Sliding plate of objectivcH. Adams (1771). 


slide of objectives, such as fig. 229 shows), were frequently 
employed. 

It is continually desirable to be able to substitute one objective 
for another with as little expenditure of time and trouble as possible, 
so as to be abl(‘ to examine under a higher magni fviiig j)ower the 
<lerails of an object of which a general view has been obtained by 

^ English Mechanic, vol. xxxviii. No. 981, ‘ Optical Tube-length, by Frank Crisp. 

2 Ibid. vol. xlvi. No. 1178, ‘ Measurement of Power,’ by^E. M. Nelson. 
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means of n lowc'i* ; or to use the l()W(‘r for t.li(‘ ))iii‘j>os<‘ (A' flitdhKi i\ 
minute ()l)ject (sucli ns n pnrtieiilnr diatom in tlir midst of a slideful) 
whicli we wish to suhmit to hii^hei- amplifieat ion. Pliis was con- 
veniently effected by the nose |)ii*re of i-, 0. Brooke, whieli. IxauL*- 
screwed into the object end ol* tin* Ijody of the niicroseojx*, c-anh's 
two objectives, (Mthor of wliicb may b(‘ broiii^ht into position by 
turning' tlnv arm on a ]»ivot. Pliis is sliowii in iig. 2d0. 

The most yi'in'rallv nstdid of 
all nose-pi(H*es now in ns(‘ ai“(' 
the rotating foi*ms, wliicli enai)l(‘ 
one to carry two, tln(‘(‘. or four 
objectives on the microscojie at. 
one time, and by mere rotation 
each is snccessix dy la-ought 
central to the optic axis, seen in 
figs. 231, 232, 23:1. as suppli<‘d 
by Messrs. Beck. Il is almost 
unnecessary now t,o point, out the 
disadvantage of those older and 
straight forms which invoh'ed 
the danger of knocking out the 
front lens of the oV)jectives by 
bringing it into contact vvdth some [»art of the stage whil(‘ tlu‘ 
other objective was lM>iug focussed. This objc'ction was (mtirdy 
rtnnoved by the introdiK-tion of tlu^ bent form by Messrs, Bowdl and 
Lealand, and ado])ted-in the forms shown in figs. 2:> 1 - 23.3. Tliei e can 




be no doubt that for ordinary dry lens w-ork some su(*h device is im- 
perative. Some, liow’ever, w ho do a xamy large amountof microscopical 
work prefer to use two mici-oscopes ; the one a tiiird- or f mrtli class 
microscope, with only a coarse ad justment and a 1 -inch obj(*ct i\c and 
mirror, the other ha\ ing a coai-se and fim^ adjustment ami a { inch 
objective, with a simpU- foi-m of conden.sta- ami [)lan(‘ mirror, all fine 
and higher-pow (‘T woi-k Ina’ng h-ft for a sp(‘cial microscop(\ 

The om- di awback to t la* use of a rotating n )s(>-piece is tlaoextra 
weight it throws upon tbo fim- adjust mmU. A> t ins sukjia-t is fully 
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treated under the heading of ‘ Microscope/ no more will be said at 
present than that a double nose-piece is to be preferred to a triple, 
and a ({uadi*ii])]e need not be entertained for a delicate instrument 
wiirii in.ide ot' oi diii.i i \ uu'lal, iiiih-.s.s it is vtapiired to find out in how 
siioit-a tiiiK* a fuie adjustment may be ruined; for let it be noted 
that a 2-inoh, 1-inch, ^-inch, and J-iiich objective of English make 
weigli together 81y oz. witlunit any nose-piece. But Messrs. Watson 
and Son lia\(‘ d(‘\ i.s(mI and made in aluminium a dust-proof triple 
nose-]U(‘C('. wlneh, where it is required to 1h‘ uscmI, reduces the objec- 
tions to its (MiiploMiK'nt to their minimum, and not only in greatly 
reduced weight, liut in other ways, makes its use more feasible 
without strain upon the fine adjustment or danger of injury to the 
objectives. In many nose-pieces, if the objectiv^es should be acci- 
dentally left so that neither of them is in the optical axis of the 
microscope, there is nothing to guard the back lenses of the objec- 
ti\es from dust and moisture. Messrs. Watson devised a dust- 



FiCr. 234. — Watson’s dust-iu’oof aluminium nose-piece. 



Fict. 235. — Section of the above. 


])roof avraimi'iiKMil , consisting ofan upper and an undei’ disc, having 
a sjiluM ical cur\e; to tlu‘ lower disc are fittinl tlirei* small sci*ew 
1 ubes w Inch receive the objectives. This plate rotates u])on a ('fuitre 
[)in, and as t'ach objectivi* is lirought into the o[)ticaI axis ol' the 
niicios(opc its axial coincid<‘nc(‘ is imlicated by a spring catch, 'flit' 
e<lge is coM'K'd with .i iiu^tal rim, making it dust-proof. The weight 
of th(‘ oidinai N la ass nose-piece is oz. ; the weight of this one is 
1 I oz. Simil.ir instiuimaits are nuuh* by otlua- mak(*rs, but the 
dust-proof arrangmnent. ami the extuam^ ligldness .lua so I’ar as we 
know, cli.ii actiaistic of tin* instiumeiit of Messrs. Watson. We 
illust 1 at o t Ills nose piece M»mplcte in fig. 284, and in an (udarged 
s(‘ct ion in tig 2.’»d. 

For t]i(> proper use of a rotating nose-t)iec(‘ tin' lengtli of the 
ob|(‘cti\ e mount s should lie so arrange(l that vhen the objecfi\e is 
changed litth' focal .idjustment. will be* uec<*ssar\. 

An (‘Xcelleiit calotti* iiose-piece for four obj(*ctives is mach* b}^ 
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Zeiss ; this is so aiTanged that only the optic^U portion of the objec- 
tive is screwed into the nose-piece. This plan much lightens it, so 
that the nose-piece and the four lenses weigh oz., oi* only 1 oz. 
more than an English ^-inch with a screw collar, and h oz. more than 
an English Vinch of wide angle. 

A centring nose-piece has been made with the view of placing 
any objective central to the axis of rotation of the stage. It is, of 
course, much cheaper to centre an objective by means of a nose-piece 
to the axis of rotation of the stage than to (centre the rotai*y stage 
to the objective. This, like all other adapters, is an additional 
weight ; but here there is very little to be gained by it, for if the 
rotary stage is well made any objective will be sutticiently centred 
for all practical purposes. Mr. Nelson, as we have seen, pointed 
out, at a time when the sub-stage was costly, that such a nose- 
piece turned upside down, with a turn-out rotating ring foi* stops, cfec., 
fitted below, made a very elficient rectangular centring sub-stage 
at a small cost. Sub-stages are now (piite common and cheap, and 
centi'ing nose-pieces are seldom used for any purpose. 

Next to the rotating, probably the changing nose-piece is the 
most important. We do not know from whom, and when, the idea 
of an arrangement by which an objective could be rapidly attached 
or detached originated ; but certain it is that the idea is admirable, 
and one which is scarcely yet as fully apj^reciated as it shoidd be. 
It will be quite impossible to go through a tithe of tlie appliances 
which have been invented for this purpose; it will be sufficient’ to 
lay down some principles, and mention a few in which those prin- 
ci];)les are fulfilled. 

The first })rinciple is that the objective or nose-})iece, adapter, 
or whatever else is used, siionld ‘face up.’ This means that a flange 
turned true in the lathe should ‘ face up ’ to the flat siile of the nose- 
piece, which has also been turne<l true. This ‘ facing up ’ should be 
made tight by a screw, incline<l plane, or wedge, etc. Uidess this 
is done you have no guarantee that the axis of the objective is 
parallel to that of the body. Therefore all those appliances which 
merely grip the objective, oi- an adapter screwed on to the objective, 
are simply of no value. Secondly, the appliance, whatever it is, 
should be light. 

Nachet’s changing nose-piece, which fulfils none of these con- 
ditions, cannot be called good. The nose-piece is large and heavy, 
even for the small objective it is intended to take, the sci'ews of 
which are only in diametei*, against the of that of the Society. 
The objectives are held by a spring clip on a small flange. Of coiirse, 
screw-collar adjustment with such a device would be simply im- 
possible. Zeiss’s sliding-objective changer is most elaborate and 
eflicient, although, as we think, much heavier than it need be. It 
consists of a grooved slide which screws on to the nose-piece. On 
each objective is sciewed an adapter to slide into the grooved nose- 
piece. These adapters, which are wedge-shaped and ‘ face up,’ have 
two novel features, the first being that they are each fitted with 
rectangular centring adjustments, which permit the objectives 
to be centred to one another ; and the second is that they have 
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{idji])t(‘rs to tMjualise the length of the object iv(*.s, so wlien a change 
of objectiv(‘s is made little change of focal a<l|ustinent is required. 
Figs. 236, 237 show th(‘ nature' of this ariange'ine'nt. In Nelson’s 
changing nose'-pie'ce* a small ring with three studs is screwed on to 
the ol)j(‘ctiv(‘ ; a nos«‘-])iece is screwed on the' micre)scope, having 
three slots and 1 1 1 r( <' inclined planes. Tlierefoi’e, by placing the studs 
into the slots and giving the objective a quarter of a turn, the 
studs run u]) the inclined planes, thus causing the flanges to ‘ face 
up ’ tightly. 

Mr. Nelson has pointe'«l e)iit a, far better and simpler method 
which elispeiises with all extra ap[)aratus. 

Three portions of the thi-ead in the nose-piece of the microscope 
itself are cut away, and also three portions on the screw of the 
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Pig. 236. — Zeiss’s sliding-objective Fig. 237. — The objective detached from 
changer, with objective in position. the body-slide. 


objective. Those j)ortions where the thread is left on the objective 
pass through t hose spaces in the nose-])iece where it has been cut 
away. The screw engages just as if t h(‘ whole sei ('w were there, and 
the objective frees up in the usual manm*r. This plan in no way 
injui ('s ('ith('i- t he microscope or the objectives for use in the ordinary 
way; thus uncut objectives will screw into the nose-piece, and cut 
objectives will screw^ into an uncut nose-piece. This plan is similar 
to that euqdoyed in idosing the breech of guns, and it was seeing one 
of them in 1 S(S2 which suggested to Mr. X(‘lson to adaj)t the same 
priiici[)h' to the mici-osco|)e. Subsequently it has bet'U found that 
in 1869 Ml*. James \ <>gan ha<l |)ropo.sed much the saiiH* plan, only 
cutting away two port ions instead of thive ; it is curious that such 
an excelh'ut id('a vas allowed to «lrop. 

An amihjsiny nose-[)iece is that which cai rics a Nicofs analysing 
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prism for }X)lariscope purposes. In some the prism is fixed in the 
nose-piece, whei eas it ought to be ciipable of rotation. Lastly we 
have a revolving nose-piece for the purpose of testing objectiyes. 
Mr. Kelson, in a paper read before the Quekett Microscopical Club, 
February 1885, stated that he had observed that certain objectives 
performed better when the object was placed in a definite azimuth. 
With a view to eliminate any possible alteration which might arise 
from the revolution of the object with regai*d to the light, he had 
designed a i*evolving nose-piece which enabled the objective itself to 
be revolved true to the optic axis when any imperfection in its 
performance in a pai’ticular azimuth could he immediately noted. 
This plan had, however*, been previously in use by Pi’ofessor Abbe 
for a similar purpose, but not, as we believe, made public. 

Finders. — A finder* is a very important and valuable addition to 
a microscope. By its means the position of any particular object or 
part of an object in a mount can be noted, so that it may be found 
again on any subsequent occasion. In woi’king on a mici*oscope 
without a finder it fi*e<|uently happens that irr the prosecution 
of special i*esearch, or in the examination of unknown objects, 
something is seen which it would be of the utmost value to recur to 
again; but the amount of time lost in ti*ansfei’ring the object to a 
stand with a finder is so gr*eat that most experienced micr'oscopists 
do all their search and general work on their best instr*uments with 
finders. 

The usefulness of the finder has caused a large number to be de- 
vised ; but, as in all cases, we consider only those which w^e believe 
embody the best practical principles. 

The first, and by far the best, is the graduation of the stage 
plates of a mechanical stage by dividing an inch into 100 parts, both 
on the vertical and horizontal plates. The vertical stage-plate will 
then indicate the latitude, and the horizontal plate the longitude of 
the object, the slip being always pressed close home against a pi*epared 
stop. For many years Messrs. Powell and Lealand have supplied 
their Ko. 1 stand with this kind of finder ; and its pei manent jx)sition 
and ease in use not oidy give greater facility in special researches, 
but in reality attach a new value to every slide in the cabinet. Such 
a workei* at critical images as Mr. Kelson has weeks of close work 
‘ logged ’ on the labels of his slides. A still better plan is to ‘ log ' 
in books in which the slides are numbere<l. The result is that the 
labour of days and weeks can be in a moment recalled for demon- 
stration ; aiid so accurate is this method that an object so small as 
a Bacterium termo 01 • a specified minute diatom in a thickly scattered 
mounting may be at once, and as often as we please, replaced in the 
field with even high powei's. 

These findei*s of course are only suitable for the micioscope on 
which the ‘ log ’ was taken. It is beneficial, and even needful at 
times, to intei-change specimens or refer an object to an expert at a 
distance. In that case a minute dot may be placed on the cover, oy 
a single selected diatom 01 * other object may be fixed upon and its 
latitude and longitude as read on the microscope of the sender marked 
on the slide. If the receiver then places this on his microscope and 
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centres it, the differences in latitude and longitude may be noted, and 
will give the constants for the correction which must be added to 
or subtracted from the figures given by the sender. 

Mr. Nelson has made some very practical suggestions touching 
the improvement of finders. He suggests, what we heartily accord 
with — 

1. That the stage-stop shall be always on the left hand of the 
stage. 

2. That the zero of the horizontal graduation shall be on the left 
hand of the scale. 

3. That the zero of the vei'tical gi’aduation shall be on the top of 
the scale. 

4. That when the finder is placed to 0, 0, a spot marked on the 
bottom edge of a 3 x 1 inch brass template two inches from the stop 
shall be in the optic axis of the instrument. In other words, the 
latitude and longitude of the centre of a. 3x1 incli glass slip shall 
be 50, 50. 

5. That the division shall be in , /^^yths of an inch, and the scales 
one inch long. 

If these very simple suggestions were adopted generally, an object 
found on one micinscope coidd be easily found on any other. Tliis, 
like the ‘ Society’s screw’ for object-glasses and a iiniversal sub-stage 
fitting, deserves, in the interests of international microscopy, the 
consideration of opticians. 

In practical ‘ logging ’ the use of a hand lens will enable the ob- 
server to read by estimation very accurately ; half a division can be 
very approximately judged of, and this is as close as will be required 
with the highest powei’s. We have found, for very delicate work, 
that we could log with adv^antage between the divisions, thus : say 
‘ long. 41 ; ’ but if slightly over, but not an estimated half, ‘41 + ; ’ if 
half, ‘ 41^ ; ’ if more than this, but less than 42, it is logged ‘ — 42.’ 
For logging ])ur])oses the lens we recommend is one of Zeiss’s ‘lou})s,’ 
magnifying six diameters. They are .admirable instruments, and 
are fui*nished wdth a handle, which niay be used oi* not at the will of 
the workei*. 

The other finder we desire to consider is called aftei* its inventor, 
and is known as ‘ Maltwood’s finder.’ ^ 

It consists of a micro- photograph, one square inch in .size, divided 
into 2,500 little squares, so that each is -Uth inch square. Each 
square contains two numbers, one indicating the latitude and one 
the longitude. To log any object the slide containing the object 
must be removed and the slip holding the micio-photograph substi- 
tuted for it ; then the figure in the square which most nearly agrees 
with the centre of the field is noted. Of coiirse, both the object and 
the Maltwood finder must be carefully made to abut against the 
stop. 

There are two drawbacks to this finder. 

1. The divisions are not fine enough, so that it is only suitable 
for low powers. 

2. The removal of the slide, and its substitution by the Maltwood 

1 Trans, of the Micro. Soc. new series, vol. vi. 1858, p. 59. 
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fiiKlrr, i fiidev it extroiuely iniliandy wIumi usinjj: an inina'rsioii <)])jec- 
tive, all the more ho it* the coiideiiHer hapixais to ho imnuMstMl as 
well. 

Tf tlio Maltwood finders are made alike, they are then, of coiii’se, 
intereha iiiit'able. 

Diaphragms, 'riuae are thr(‘e kinds of diaphraiiins in use. 
First, the eojiimoiu'st form is that of a j-otatijui' disc ot several aper- 
tures graduatiul as to size. Secondly, a s(‘ii(\s of sc'p.-n-ati' small 
discs of metal, with a single central aperturt*, w liieli tits in a suitahle 
carrier. Thirdly, there is what is known as the ‘iris’ dia[)lnagm, 
which is shown in fig. 238. Upwards of 30 years ago it was applitnl 
to the microscope by Beck ; it has since hraai brought to groat por- 
fection, some being made with as many as sixteen leaves; all makers 
now provide them. In whatever form the diaphragm may be which 
is for use with the mirroi*, it is important that it should not be 
placed too near tlie object, as then its position lies so near the apex 
of the cone of illumination 
that it will not cut it unless 
the hole be exceedingly small. 

A very small diaphragm aper- 
ture is ol)jectionable. as it is 
liable to introdiua' dilfractional 
effects. Thori'foi'e it is b(‘t.ter 
to use a lai-g(‘r ap<‘rtnre 
further away from tlu* sj;ig(‘ 
than a pin-hole near th(‘ 

stage. Wlieii a diajdiragm is 
used in connection with a 
condenser, it should lu' plac(‘d 
just behind the back lens, and 
never above the front hms. 

Calotte diaphragms ])lac(Ml 
close under the stage, and 

which laive been much in use 

latcdy, both here and on the Continent, are a mistake foi^ critical 
work.^ 

A very good way of cutting down a i*;>ne from a miri-or is to 
Imve the dia]liragm litt(*d in tlie sub-stage, so that it can made 
to advance or ]-ec(‘de fiom the obj(‘ct. 'fla* ad\antag(‘ thus gained 
is that om* a[K‘jture is inad(* to <lo the duty of several. It also 
permits of careful adjustment. 

The iris dia])bragms are ^o compai*at ively inexp(Misi\ e, that tbev 
have superseded for g<‘neral work and or<li!iary pnrposi's ;dl otlu rs; 
but whate\(‘i‘ diajdiragm is used it should Iris dia- 

pjhragms work sometimes so stifiiy that tlie mic!-o>eope may be moved 
before t lu' dia jtln-agiii. 80 , too, with the diapbragm whetds; some 
requirt' a pair ol* ])liers before they can l>e rotated, ’fbis is t'asily 
accountt'd for wlien we examine the Avay in wliicli they ai t' lixetl. I’he 
usual mt'fhotl is to screw the wheel totht' iintb'r sitlt' oftlit* met al stage. 
Kow. if thert' are neither washers nor a sbonltlt'r to tbt' .screw', it- is 
^ Quekett, Micro. Journ. vol. iv. 1'21 < t .sr>f. 



Fio. 238. — Zeiss’s iris diaphragm. 
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more than piobable that when the diaphragm is rotated it will 
screw up and jam. The purchaser may easily obseiwe a matter of 
this kind. Cylinder diaphragms, which were invented in 1832 by 
C. varley, are much used on the Continent ; they are also often made 
into iris foi*ms. Also diaphragms with a very minute circular hole 
in the line of the optical axis are largely used just behind the 
object-slip. These are employed with the mirror only (without 
condenser) and with dayliglit alone. The object of this method 
of illumination being to render very translucent objects visible by 
increasing the size of the black difiraction bands at their edges, it 
is, as before stated, of no use for critical work. 

Condensers for Sub-stage Illumination^ — This condenser is an 
absolutely indispensable part of a complete microscope. Its value 
cannot be overi-ated, for the ability of the best lenses to do their 
best work, even in the most skilful hands, is determined by it. 
Perfection in the corrections of object-glasses is indispensiihle ; but 
those who suppose and affirm that this is all that we need — that the 
objective is the microscope — cannot understand the nature of modern 
critical work. Tlie importance of it could not have been realisecl in 
the sense in which we know it in the earlier dates of the history of 
the instrument ; but at as early a, period as 1691 we pointed out 
(p. 134) that a drawing of Bonanni’s horizontal microscope showed 
the presence of a condenser. It is, in fact, of some interest to note 
how our modern condensers gradually arose. 

The microscope that amongst the older forms (1694) appears 
most efficient and suited for the examination of objects by trans- 
mitted light was that of liartsoeker (p. 134, fig. 102). It will be 
remembei-ed that it was furnished not only with a, condenser, but with 
a focussing arrangement to be used with it, which was not in any 
way affected by a change of focus in the object. This is a feature 
which, although not then important, is of the utmost importance now. 

In the correction of dispersion in the lenses employed in the 
dioptric form of microscope so much difficulty was experienced that 
several efforts were made to produce catoptric forms of the instru- 
ment ; the most successful of these was that of Dr. Smith, of Cam- 
bridge, in 1838 ; but this and all other forms of reflecting microscope 
had but a brief existence, and passed for ever away. To the improve- 
ment of simple lenses much of the earlier progress of microscopic 
investigation is attributable ; and that known as ‘ Wollaston’s 
doublet,’ devised in 1829, was a decided improvement in all respects. 
It consisted of two [)lano-convex lenses ; but this was again improved 
by Pritchard, who altered the lens dishinces and placed a diaphragm 
between the lenses. When the object was illuminated with a con- 
denser this formed what ‘was the best dioptric microscope of 
pre-achromatic times. 

Good results, within certain limits, may be obtained by means of 
the best Pritchai'd doublets. With a inch the suiface of a 

strong Podura scale may be seen as a surffice symmetiically scored 
or engraved ; but the Editor has never himself been able to reveal the 

1 The word ‘ condenser ’ throughout this work is applied to optical appliances for 
the sub-stage ; what is known as the ‘ bull’s-eye ’ is not called a ‘ condenser.’ 
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‘ exclamation ’ marks, and as this is the experience of the majority 
of efficient experts, it may be taken that no resolution of these was 
accomplished in pre-achromatic days; these lenses, in fact, over- 
lapped the discovery of achromatism. 

But the practical results of the use of achromatic lenses soon led 
experienced men, understanding their theory and practice, to perceive 
that if it were good for the lenses which formed the image, it was 
also good for the condenser. Thus Sir David Biewster in 1831 ad- 
vocated an achromatic condenser in these remarkable words, viz. : ‘ I 
have no hesitation in siiying that the apparatus foi* illumination 
requires to he as j^erfect as tlie apparatus for vision^ and on this account 
1 would recommend that the ilhmiinatiny lens should he perfectly 
free from chromatic and spherical aherration, and that the greatest 
care be taken to exclude ail extraneous light, both from the object 
and from the eye of the obsei'ver.’ This is a judgment which every 
advance in the construction of the optical part of the microscope, as 
used by the most accomplished experts, has fully confirmed. 

We have no knowledge, from an inspection of the piece of 
apparatus itself, of the construction of the comjjound sub-stage con- 
denser of Bonanni (fig. 101); it does not a})peiir to have attracted 
much attention, and of course it was quite impossible to secure a 
critical image by its means. It was focussed on the object merely 
to obtain as bright an illumination as possible, in order that the 
object might be seen at all. 

Jn the condenser used by Smith in his catoptric microscope 
(fig. 113) we have the earliest (1738) known condenser, by means of 
which a distinction between a. ‘critical ’ image — that is, an image in 
which a sharp, clear, bright definition is given throughout, free from 
all ‘ rottenness ’ of outline or detail — and an ‘ uncritical ’ or imperfect 
image could be made. Tt was not, apparently, at the time it was 
first used, considered to he so impoitaiit as we now know it to be ; 
and it is probable that the mode of focussing the light upon the 
object by its means was to direct the instrument to the sky with 
one hand and to use the biconvex condenser with the other. In 
1837 Sir 1). Brewster writes of it with appreciation, saying that 
‘ it performs wonderfully well, though both the specula have their 
polish considei‘ably injured. It shows the lines on some of the test 
objects with very considerable sharpness.’ 

No advance was made on this condenser for nearly a century. 
In 1829 Wollaston recommends the focussing of the image of the 
diaphragm by means of a plano-convex lens of | of an inch focus 
upon the object, and Goring in 1832 stiys concerning it : ‘ There is no 
modification of daylight illumination supeiior to that invented by 
Dr. Wollaston.’ But Sir D. Brewster objected to this, contending 
that the source of light itself should be focussed upon the object. He 
prefeiTed a Herschelian doublet placed in the optic axis of the micro- 
scope. But, wdiilst there is a very clear diflference between these 
authorities, we can now see that both were light. 

Goring, who was also a leadei* in the microscopy of his day, used 
diffused daylight, and as the lens he employed was a plano-convex 
of f of an inch focus, the method of focussing the diaphragm was as 



300 


ACCESSORY APPARATUS 


good as any other, becaiif^i' tlie diajdiragin was placed at a distanee 
from the lens of at least live times its focus, so that the difference 
between <liaphragm focus and ‘white cloud' focus, or the focussing 
of the image of a white cloud upon the objc'ct. was not vei*y great. 
But Brewster was writing of a, flame from a saucer of burning spirit 
aud salt when he insisted on the bringing of the condensc'r to a 
focus on the object, and in this he was, beyond all caail, right. 

hi 18:>!) Aiidnov Ross gave some rub's Ibr the illumination of 
objects in the ‘ Benny Cyclojwedia.’ Tlie.se were : — 

1. That the illuminating cone .should equal the aperture of the 
objective, and no more. 

2. With daylight, a white cloud being in focus, the obj(‘ct was 
to be placed nearly at the apex of the cone. The object was seen 
better sometimes above, and .sometimes below, the apex of the cone. 

‘1. With lamplight a buirs-eye is to be u.sed to parallelise the 
rays, so that they may be siniilai- to tho.se coming from a white 
cloud. 

Of the old forms of condensei’, that devi.sed by Mr. (lillett was, 

there can be no doubt, the 
best. It was achromatic, and 
had an aperture of 80°. Fig. 
231) illustrates it. It was 
fitted with a rotating ling of 
diaphragms placed close be- 
hind the lens combination. 
This was fornu'd, as the figure 
show's, by a vonicid ring with 
apertures and stops. The 
large number of apertures 
;uh1 stops it would admit, 
provided they are care- 
fully ‘centred,’ are of great 
value in practical woi*k ; 
aud the fact that they are 
NO placed as not to inter- 
fere with the stage, makes 
this arrangement of dia- 
phragms <iud .stops an excellent one, and it is not clear why it has 
fallen into disuse. 

It had been the custom io recommend the u.se of this in.strument 
racked either irlthin or irlthoat its focus. Carpenter employed it 
without, and Quekett wdthin, and one or other of these methods was 
general. But in the use of good achiumatic condensei's with high- 
power work it .soon became manifest to practical woi*kei‘s that it is 
only when, as 8ir David Bi*ew.ster pointed out, the source of light is 
focussed hg the coiideyiser on the object that a really critical image 
is to be obtained. And Mr. Nelson rc.-ulily denioustrated this fact 
•even with the conden.ser (Ullett had <lcvist‘d. 

The next condens(*r of .my moment is a mo.st valuahb' one. and 
constitutes one of the grisit modern improveihents of the inicro.scope. 
It was an achromatic condenser of 170° devised ami manufactured 



Fio, 239. — Gillett’s condenser, from 
‘ on tlie Microscope.’ 
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by Messrs. Powi^jl .-nid Li'al.-nid. W e liavi‘ us(‘(l tliis ijistruiiient f'nr 
thirty-five years 011 (‘\ei v \ ai iety ot snl)jt*(*t. and \v(‘ do not ]i('sitat(‘ 
to affirm lliat tdi- ncnoral an<l ordinaj-y ei-it ical work il is still un- 
surpassed. Eio-. 240 illustrates tin’s apparatus, 'ria* optical (‘oin- 
bination is a. Itb of an inch ]) 0 \ver, and it is tlua c'forc niort* suitable 
for of)jeetives from a |tli of an inch and upwards; but by removing 
tlie front lens it nia>' be used with objectives as low as one incli. 

Having givcai to this comh'iiser so liigli a ])lac(‘ amongst even 
those of onr innnediate tinu's. it may be woll to specilk wliat the 
requirements are w hich a condenser em[)loyed in critical work with 
high powers shovhl imnd. It is needful that we should be able 
(1) to obtain at will the largest ‘solid’ cone of light devoid of 
spherical aberrationd Directly spherical aberration makes itself 
apparent the condenser fails ; that is, w hen, on account of under- 
correction, the central rays are ])i ()ught to a longei* focus than the 
mai-ginal I'ays, oi* when, because of over-coi‘rection, the marginal 
rays have a longer focus than the central. 

But (*2) it. is also an absohib* (‘ssential that if a coiuh'uscr is to 
be of ])ract ical sciwic'i* it must, have a 
woi king distance sufficiently large to 
enable it to be focussed through 
ordinary slips. It would be an 
advantages if all objects mounted 
for critical high-})ower work were 
mounted on slips of a lix(‘d gauge, say 
*00 inch, which would lu* ‘ imMlium,’ 

*05 inch being accounted ‘thin,’ and 
•07 inch ‘ thick.’ 

It is plain, howevei*, that to 
combine a large aperture with a 
great working distance the skill of 
the optician is lull} taxed, for this can only be acconi] Wished (a) by 
keeping tlu' diameter of the lenses Ju.st large enough to transmit 
rays of the rocpiired angle and no more ; (/>) by working tlu* com ex 
lenses to their edge; (c) by making the flint lenst*s as tliiu us 
possible. 

Now it is due to the eminent lirm whose condenser w(‘ lia\(“ 
been considering wdth such ap])r(‘ciation to say tliat tin* eojidensei* 
referred to (d) did, wdien it, w.as first (Uwiseil and for many v»'ais 
after, transmit the largest ‘ solid ' eon<‘ IV(‘e I'rom s[)li(M iea I alaa ra- 
tion ; (r) that it has tlie git*at.est working distance; (/') that its 
chromatic aberrat ions .•! r(* ])erli'ct ly balanc(‘d. In t li(‘ poss(‘ssion of 
these three (‘sscaitial ipialities it stood unia\all(Ml for upwards of 
thii ty years. 

The removal of the front lens of this condenser, which may be 
readily unscrewed, reduces it in jx)W’er and angh', and tlu'iM'ibre 
makes it suitable for objectives of lowei- pow ta-. This, how tw ei , is 
rather an adaj*tation imohing compromi.se than an idi-al c<m(U*nser 

• Mollis is one of the nuinv ex prt'ssioiis wliicli are iii«‘\ itatle to tlie |nii( tu ;il ii-e of 
apparatus; it is simply cnintMiieiii, and means a fnJI cone of li;^lit — aeoiie with woin: 
of its rays stopped out. 



Ekj. 240. — Powell Oriid Lealand’s 
condenser. 
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for low powt'i's. \\ lu'ii flip clnss ot work lias to l)o »1 oik‘ it 

is fijSsUf'id i<> iiiti'e (‘ondc.nsers Hiufrd to iJir iioirrr oj tjip ot)jertiri‘ used . 

A dry apochromatie coiidoiistM- of iiu'rit is niado ])y Swift and 
Bon; it has a N.A. of 0*95 and an aplanatic^ coiu' a p])roxiinatiiig 
0*92, and works with c\is(> tlnonyli any object- 
slide. ))nt is (*oia-«*et(Ml 1o do this by tbinniiiit 
the li-ont ions and soiling the front and hack 
eoinbinat ions fin-tli<M‘ apai-t than wonid be the 
(*ase if they woio used ;is ;oi oljj/ot i V(‘. The 
lower combination has a laryt', clear apt'Ctine. 
The optical part ol’ this instrnuuail is shown in 
liy. 241 ; wo have used it, and (hid it. a tho- 
roni^hh' practical and servicH^able condi'iisei*. 

Fig 241 —Swift’s apo- l>ef‘or(‘ th(‘ introduction of the hoinoycau'ons 

chromatic (1899) con- systtnn, and tia‘ production of such ,nreat< ai>er- 
denser, N.A. 0-95. tures by Powell and Lealand as a 1 *5 in a ^th, 

a ,Vth, and a focus, the cone 

transmitted by Powell’s dry achromatic condenser was as lari>’e as 
could be utilised. Hut with apertur(*s such as these, and because 
of the subsecpient introduction of the apochromatie system of lenses, 
much lar<»er cones were re(|uired. To meet this necessity Powell 
and L(‘aland, at the urgent suggestion of English experts, made first 
a chroma ti(‘ condensei* on the homog('neous system ; but this was 
subs(Mjuent ly snccc*ed(‘d by an achromat ic instrument of great \alue 
on th(^ same system. This combimdion consisted of a dn])l(‘\ front 
with two doublet backs ; it is nearly of the Nana* [)owi‘i‘ as their 
diy achromatic comlenser, but is of much greatei* aperture. It. was 
brought afterwai'ds to a very high state of perfection, liaving an 
aperture of ^P4(), and will work througdi a mounting slip of *07, and 
for apertui’e tind working distance is, like its di*y predecessor,' quite 
unapproached. 

Messrs. Powell and Lealand have product m 1 an entirely new 
condenser, strictly apochromatie, enq»loying a tluoi‘ite lens in the 
combination, and piavscnt ing features in the highest degree desirable. 
We find its X.A. to be 9115, its focal length long enough for a thick 
slip, its aplanatic a[)ci-ture ’9. We have found it of the utmost 
practical xahu' in critical wwk, and this \aliiabl(> a})paratus has 
been gieatly increased in efficiency by the a dication of a device 
l)y Mr. E. M. Nelson, providing it with a correction collar^ which 
can be us(m1 wa'th the utmost ease, no matter in what ])osition the 
inicrosi' 0 ])c may be. It is similar in practice to the corias-tion 
c(dlar of an ordinary ol)jective; it has a. steejxn- spiral slot, and 
only half a revolution of movement ; a long arm is (ix(Ml to the 
collar, so that it may be conveniently reaclu‘d by the finger. The 
whole condenser is represented in fig. 242, and the arm for moving 
the coi rection collar is s(Mm on the right ol' tla* optical tnlx'; it 
turns at the slightest touch, and th(‘ coll.ir moses oidy the l)ack 
lens of the comldnation, leaving the mount rigid. 

The object of this correctional moveanent is |)rimarily to increase 
the maximum aplanatic apei-t nre of tin* condrnsta- ; this is ftfeeted 
by separating the lenses. If the back of a wide angled objective be 
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exainiiKM] wlu'ii .mii object is illuniinat cd ]>y tlie full :i])i‘rtiii’e of the 
condeiisrv. the of the flame beiu;^- iii focus, it will be iiotice<l 

that the ilhiminat(‘d 
portion of the bMck Ions 
will be oval and ] joint (‘d 
instead of eiicular. 

Also that ^\li(‘n the 
condenser is racked up, 
although the exterior 
shape of the illmninatt'd 
portion will beconu^ 
more circvd.'ir. 1 wo dai'k 
patclu’s will a[)p(‘ar on 
either side of the (-(‘litre, 
showing th(‘ ojjeration 
of the spherical aber- 
ration of th(^ coiahaiser. 

If under these circum- 
stances the lenses he 
separated hy means of 
the collar adj'tLstment^ the black spots icill he closed a ad a vrrcalar 
and evenly ilhiminated disc 'will appear. This is n dist inci opt ical 
gain, ami will enable the observm* to see mor(‘ than he could 
liave seen before. Mr. Nelson made this manift‘st on the examina- 
tion of a well-known diatom, Na'cteala major. If* (*.\auiiu(*d in its 
‘ pi'incipal view,’ two vertical stripes will be se(*n running dow n the 
centre of the hoop (fig. 243, a) ; these can (‘asily he resolviMl into 
strite with a ]-inch objective, but the prohabilit}' is that tlu'se stihe 
are not the real structure but rows of minute perforations inc.om- 


Fig. 242. — Nelson’s correction collar to Powell’s 
apochromatic condei 1 scr. 



Fig. 243. 


Fm. 244. — Watson's oil-inuu(‘i si()u condenser. 


pletely resolved (fig. h)\ by using tlie condensi*!- with tin- collar 
correction these stri;e were resolved by nu-ans of the ( idarged 
aplanatic cone it produced, as showui in c. 

Another adxantage of the correction collar is that it enables tin- 
woi'ker to determine most delicately tlie size of tin- illnniinating 
cone, and so to record it that it can b(‘ with facility (‘xactly rt-snuied 
at any time {Joarn. R. Micro. Roc. 1805, ]>t. ii. p. 2:11 2). 

One of the most valuable condensers introducc'd by any maker 
lately is an oil-immersion one by Messrs. W'atsijn and Sons, it has 
special claims upon the attention of tlnrse who woik wdtli high 
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powers, foi’ we know of no similar instrument tlial yields so large a 
‘ solid rone ’ of illumination. The construction is an unusual one, 
the corrections for hoth sph(*rical and (du-omatu* aherratioiis being 
effected by means of a {‘(*in<'n1ed li iple back lens, as is shown in the 
illustration of tlie optical system in lig. 244. The only flint glass 
used in it< is tlu^ middle of 1 he triple back. The total numerical 
aperture is 1’33, the aplanatic aperture being in excess of 1*25. 
The magnifying power is [ inch, and the cleai* a|)ertui‘e at the back 
of the lens is y^^ths inch, and it works through a sli[) of *073 
thick. 

Witli tlu' front hms r«mioved it is an efficient dry condenser for 
medium powei s, magnifying ^Ths inch, with a total N.A. of *56, the 

aplanatic aperture being 
over *5. It is mounted 
like their ^ Parachro- 
matic conilensei' ’ shown 
in fig. 245, which is also 
a very useful instru- 
ment, with a, total N.A. 
of 1*0, a power of fths 
inch. It is shown here 
principally for the 
mounting, which is 
Fid. 245. — Watson H parachromatic condenser. identical with that USed 

with fig. 244. The 
collar into which the optical jtart fits carries an iris diaphragm; on 
the diametrical edge of this is engraved a scale showing the N.A. at 
which the condenser is working when the iris diaphragm is in a 
given position. Wc have used this condenser with much pleasure 
and profit, and can commend it as a truly valuable instrument and 
yet remarkabl}^ low' in pi-icc. 

A condenser satisfying modern necessit ies has also recently been 

madi' by Messrs. II. and J. 
licck, which we illustrate in fig. 
246 in its complete condition. 
The optical combination (consists 
of four systems of lenses, the 
front of which is a hemisphere, 
with three eombi nat ions behind, 
and the whoh^ is constructed on 
the |)cim*i[)lo oTaii oil-immersioii 
objective. The N.A. varies from 
1*35 to 1*4, and the aplanatic 
cone is about 1*3 N.A., the 
working distance being fully *06. 
We can speak highly of this 
instrnment ; it is in our judg- 
ment the Ix'st condenser ever 
made by this (inn. 

Another coiahmsru- has Ihmmi made rinamtl}' by tlu' same lii-m, 
with N.A. of I’b, t)i(‘ maximum^ oljtainable without immmsion 



Fiti. 24(5. — Beck’s u(‘w acluoiuatic 
condenser. 
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contact. Its aplanatic a})crtiiro is *9 N.A. 1 (). Wi* illustrate this 
foi*m in 


Fig. 247.— Beck’s condenser with N.A. I'O. 


It is with great pleasinai th.at W(‘ air' .ahh* to aiinoimro tin* 
production, liy the firm of Z(*iss, of .i ' (yniruHj inh ] nmn'i'shm (tchro 
matic mndeihser' {){' X..\. 1 '.SO. 'J'his is what we ha\(' long <lcsired 
to se(‘, .‘111(1 \v(* usimI it with admirable results. It givers a lai'gi' 

illuminating aplanatic cone, hence very oldiepie illuininal ing rays. 
The centring ar- 
rangement is the 
.same as tliat of the 
achromatic; conden- 
.ser of the same hrm 
iiaving EG N.A. It 
is supplied with an 
iris diaphragm of 
tlu* most jierfect 
w oi'knianship, and 

the; conden.ser is 
focussed not only by 
i*ack - and - pinion 
movement, but also 
hy means of a special 
fine adj astnient ; this Fig. 248. — Zeiss's e<-jin iiig oil iiumersion achnjmalie 

is acc()m])lished Viy condenser (1899). 

the aid ol* a i‘otating 

ring jirovided with a dilfm'cmtial tlu’ead, as will b(‘ seem by examining 
the illustration we give* in lig. 218. This allows tlu* c'ondc'iiser to 
be easily focu.s.sed E-it intervals oi' about 0*()1 mm.’ -by nurins of 
this tine adju.stment tlie condenser may Ix' {ocussc'd nj) to aliout 
1 mm.’ 

Mes.srs. Swift and Son make a paiiachromat it- dry condenser 
having a N.A. 1*0, an a[)lanatic cone of 0-9:1, and it. w'orks \\ (‘1I \vlu*n 
a critical image is desired. It is well coi-rc'cted lor colour ; lluy 
aiso make; a panaplaiiatic oil -immersion of N.A. 1 tt), with an 
aplanatic cone of 1*25. The new optical gla.ss is us(*d throughout 
the system. It is mounted in an adju.stabh' c<‘lb il desiiaxl, tor 
eoi‘r(*cting the variations in the thickiu'ss ot the glass slide*. The 
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ir is din siipplic'd w it It this foiuh-nscr is gi-ndiiMled to sliow 
tlie X.A. wIk'Ii liiHMtcr accuracy is rc(iuii(Ml, Itiit the still more 
accurate nii'thod of (Miiployiiig fittings with sejtarate dis(*s with their 
N.A. marked on tlaan is also supplied hv the makers. 

A very complete! achi-omatic condtaista- is now made' hy Baker of 
TTolhoi •11. This coiidcnsiM- is a modilicat.ion of the well-known Abbe 
foi-m, ill tliat the diametiu- of tin* compomait lenses is considerably 
smaller ; this redu(;tion in the size of the lenses, allowing, as it does, of 

greater freedom of move- 
ment of the mechanical 
stage, has Ireen effected 
without in any way de- 
ciH'asing its optical effi- 
ciency ; oil the contrary the 
apilana tic aperture has been 
increased, thus rendering 
it especially suitalile for use 
with high powers. The 
total aperture is N.A. 1*0, 
of wliich N.A. 0*90 is 

r iG. i5aKer 8 new aoiiromawc conuenser , . . 

N.A. 10. a])lanatic : the diameter 

of th(‘ liack lens is 22 mm. 
( J-.Vin.) ami th(‘ power of the coiideii.ser as a, whole is 10 mm. ( in.) 
with a working distance' of2*omm. (,\, in.): with the front lens 
removed tor low -power work tin' powm* is l•(Mhlced to 20 mm. ( in.), 
and the working distance, which is calculated with the lamp llaiiie 
at ten incl k's, is increased to 10*0 mm, (2 in.). 

Th(‘ al)o\ t' is mounted in the usual suh .stage fitting of universal 
gauge w ilh iris dia|)hragm and carrier with dark-gi*ound stops, as 
shown in tlu^ illustration of it in fig. 249. 

It is t'ssential tor ideal illumination with transmitted light 
(1) that tlie illuminating axial cone should be approximately equal 
to the ajierture of the ol>jecti\(* used; (2) that the object should be 
})lace«l at the a[)(‘X of this cone. 

If an ol)j(‘cti\e lireaks down with this ideal illumination, which 
is \(‘rN' pi'olialih*. we must be content to sacrifice the ideal; or, as 
i.s ;dso t‘xc(‘(Mliiigly probable, if the object under examination lacks 
coiitr.ist. the idi'al method must be modified. But if we have a 
suil.ihlo objrct and a [lerfect objective, it is the strong conviction 
of soiiio Icatling experts that, as w'e incix'a.se the (;one in aperture, we 
increasi* tlio perfect rendering of the image, until the point is reached 
wlu'ie the cone fi-oin tlu' cond(‘ns(‘i' is ecpial to the aperture of the 
ohjectivt*. This ideal can be ri'ali.stsl with fine apo- and semi- 
apochromatics up to *3 to *4 N.A. With tlie most perfect objectives 
of the [u esent day of ‘5 N.A. and ipawards we find in practice that 
tlu* l>est rt‘sults are obtained wIkmi a com* <►(' light is ust'.d which, on 
tlu* r(“nio\al of tla* eye-])iece, is found to occuj)y tlu’i'i'opiarters of 
tlu* area ottla* ))ack l(*us of the object i\(*. 

No cond(*nser is sutliciently fr(‘(* li-om sj)h(*rical aberration to 
transmit a com' ('(pial to its oirn apo'ri ur4*. (.'ondensc'i/s are all moi'e 
or lest-; inuh'r (‘orr(*c‘t(*d, and cons(*((ueiitly focus their central rays at 
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a greater distaiicr llmii Iluar i.iys jj w i.ick u[) the 

condenser so tint tlie marginal ra\.sara IocusmmI on the object, the 
focus of the rays which pa'>^ tlnongh tla- (ontir will lie beyond the 
object. 

It is well known to thoso [iractised in microscopy that, m tlie 
Wise of a narrow cone from a. well-stopjied-down condensn that is, 
a condenser used with diaphragms of relatively small dianu lta- — tlie 
illumination is at its greatest intensity wlaai tho ohj(H‘t i^ at the 
apex of the illuminating cone, and, if tlie comhaisia* is racki'd either 
up or down, the intensity of the illumination is rapidlv dmiinish(‘d. 
But in the case of a condimsin* with great apm-ture, if it lx* rackixl 
up, tlu' marginal r.iys w ill ha\(" their full intensity, whih‘ those w Inch 
pass through tlie central [lortion of the condenser v ill have a 
diminished intensity. 

The extent to which this will take place will be wholly di'pendent 
on the amount of under-correction present in the c-omhmsm . In 
vSome condensers the under-correction is so serious that to ol)tain a 
wide or even a moderate cone we so enfeeble the c(‘ntial com^ as to 
reduce it almost to a mereannular illumination, nhich is not a d(‘sir- 
able quality. 

It will be seen, then, that the aperture of the cone of light trans- 
mitted by a condenser j^lays a, very inqiortant jiart in giving critical 
quality to an image with different objcx-tiv (‘s Wh* should tlua idbre, 
to use a condenser accurately, be al>h‘ to determine the aperture of 
the cone we arv' using. 

We may measure the total aperture of a condenser Just as we 
do that of an objective, viz. by means of Abbe’s ajHa tometiu*.’ But 
the effective aperture cannot be measnuMl in that way: tluil is lo 
say, the aperture of the largest ajdanatic cone (or cone frix* from 
spherical aheriation) the condensei* is capable of giving, cannot be so 
discovered 

To do this, place the condenser in lh(‘ sub stage and an objective 
on the nose-jiiece ; focus both upon an ohj(‘ct Let the edg(‘ of the 
lamp-flame i)e used, and so arrangi^ the foc-us ot' both opt u-al com- 
binations that the edge of the clear image of tla* lamp-llauu* fails 
centrally upon the object. Now move the objf‘ct iu>t out of the 




field, remove the eye- piece and exainim* tlu* back of tla* ohi(‘cti\(' 
and if the aperture of the a])lana1ic illuminating cone is y/w/A y* th.m 
that of the objective it will show flu* hack hais to he lull of light (tig. 
250 ). dduM*(dbre. if tla* apiutui of t h(* object 1 \ (‘ i.s .“i, \\(> know that 
the a|>lanat 1 C ilhmiin.il ing coia‘ c;mia)t he les.s than *5. if now we 

* Chapter v. 
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close the diaphragm so that the image of it just appeal s at the back 
of the objective, we are able to determine the aperture of the illumi- 
nating cone with that given opening in the diaphragm ; thus in fig. 
251 it is a trifle less than *5 N.A. 

In a similar manner the apertui*es of the other diaphragm open- 
ings can be determined. 

Now let the diaphragm be opened to the full aperture, and an 
objective with a wider aperture, sjiy *95, be used. It will perhaps 
be found that before we ai*e able to fill the back of the objective with 
light by I'acjking up the condenser, two black spots will be formed on 
either side the middle of the disc. When we i*each the disc of light 
that is largest (fig. 252), any fni*ther racking up causes the apjDear- 
ance shown in fig. 258. The last 'point before the appeara')y^e of the 
black spots iwlicates the largest ajjlamitic aperture oj the condenser, and 
is the li'tnit of the condenser for critical work} 

There are many other condensers of more oi* less irieilt and use- 
fulness than those which we have ali*eady described and illustrated ; 
but for most i*ecent lenses, and for the finest critical results, vve have 
given them as full a I'epresentation as can be fairly desii’ed. But 
thei’e ai'e still some forms that either from their own })eculiar value 
or theii* historic importance deserve consideration. 

A condenser known as the ‘ Webster^ was first made in 1805, and 
is still a very useful one for low powers. It is the .same as that 
made by Swift, but without the middle combination. Its angle is 
le.ss, and its range is not so extcai.sive ; but its diief commendation in 
j)ossessing these qualities is that, having one combination less than 
Swift’s, it is of neces.sity lower in pri(*e, and on that account will be 
welcome to some woi’kei’s. 

In its })resent form it reverses its ju'imary con.strnction. It is 
now made with a double front and a .single l>ack, instead of a .single 
front and a double back. 

A chroniatlc coiidenser which has been veiy laigely used in 
England and Ameilca, and which lias secured a great deal of com- 
mendation, is that of Profes.sor Abbe. The optical pinductioiis of 
Abbe are too well known and too valuable as a i*ule to make it 
needful to be other than perfectly frank concerning so important a 
})iece of apparatus as this ; and there can be no doubt that the wide 
popularity of this instrument is due, not .so much to inti-insic mei*it 
as to the fact that it has been employed much by those who, 
previously ignoi*ant of the value of any condensei*, have at once 
perceived the enhanced value of the results yielded by its means. 

To those w^ho have made the scientific use of the microscope a 
careful study in England it has been a persistent source of regi-et 
that it was .so long and pertinaciously taught that the ‘ correct ^ 
hi.stological mici’oscope mu.st be of the Haitnack type, and that it 
should be used with nai*row-angled <lry lenses, perhaps a ^th-inch 
focus, and no illumination but that afforded by a small concave 
mirror, the focal point of which is extremely doubtful oi* unknown, 

- ‘ The Back of the Objective and the Condenser.’ E. M. Nelson, Eng. Mech. 
vol. xlviii. No. 1234, 1888. 
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JUid ill pract ic*e w holly disiv^ardcMl. Xo douht a stialent instructed 
nil tlieso lines vvoidil be astonished indited when lu* excliaiiged such a 
practice for the illumination and im[>ro\(‘d iiiiai(e afforded h\ an 
Abbe condenser. 

Lhsiially such exchange of illuminating method ju-esages an ex- 
change of instrument, for the scientiliealK iinp(*rlect and wholly 
unsatisfactory ‘tool’ that is in the majoiity ol easi's put into the 
hands of the medi(‘al student will not lend itself even to an Abbe 
condenser. 

The fact is that a larg(‘ ])art of the admiration that has Imhmi ex- 
pressed for this condenser has resultt‘d, not from a liompHrison of its 
results with those of other JiujJt, doss 
achromatic condensers^ but of images 
obtained without any suli-stage optical 
arrangements at all, plaeiMl in contrast 
with the results obtained b\ using this 
condenser against the ^^ame objective 
when used without its aid. But that 
even these imagtss ar(‘ entirely inferior 
to the images oblaiued by the higher Fig. 254 .— Optical amuigornent of 
order of achromatic condensers w e oidy Abbe’s chromatic condenser, 
require the 2 >i‘‘*^fical testimon\ of 

Professor A ])])e to jirove ; for he has sutce produced an achromatic 
comlenser of inia'h merit, to which w'e giN e cojisidei ation below. 

In its most pc'i feet form this chromatic condenser of Abbe's con- 
sists of three siugh* lenses, the front being hemi.sphericah and the 
two lower lenses form a Her.schelan doublet. This cemliination is 
shown in fig. 254, and the general form of the instrument, asap]>lied 
to Z(*iss’s own microscopes, is shown in fig. 255. 

The pow er of this condenser is low , and its apei’tureis very large 
(1*36); hence, beyond the fact that it is not aclu-omatised, it has 
enormous spherical aberration. The distance betw^een the foci of 
the central poition and of a nai i-ow annulai- zone whose internal 
diameter is |th inch is ^^otli inch. Its aplanatic a])('rtur(‘ is therdbi i' 
only *5. Xow, whilst it is a gain of no inconsiderahh' charactor to 
have an achromatised condenser, yet the point oi* vital import, nice is 
that it should be .ajil.-uril ic ; the best condenser is alwaxs that which 
will transmit the largest a[>lanatic com‘. At. th(‘ dost* of this stM-tioii 
we furnish a table of the ridatixi* «piahti(‘s ot' th(‘ condensers ol tin' 
best construction now accessible to flu* microscopist . and a nhei-caict' 
to this will show that Powcdl and J Zealand’s dry achroinat ic (fig. 240), 
with the top removed, is in this respect as efticient as this form of 
Abbe’s. 

’rids condensiM c.m lx* ust‘<l eit her di \ or homogem ously , hut of 
course with objei'tix es of gri'at m- a|)(‘rt ure t Iran 10 tla* base of the 
slide should alwaxs he in oil contact, xxith the condmisv'i-. 

1 1 givi^s the [irincipal moditical ions fi om direct to ohlKpU" illu- 
min.it ion with transmitted light by changing and moxing a s(‘t of 
diapln. Ignis placed in a moxaible iitting, and tlu^ dia]4iragm may h(‘ 
mox (m 1 ('cc(‘nt rically to the optic.al a \is ot' lh(‘ comhmsm hx moxing 
the milled head. It gixt‘s dai'k gjouiul dlumination with ohp'ctixes 
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of ‘5 N.A. ; for siicli illumination, in fact, it is perha])s the best 
illiiniinator extant, and shows objects on a dark ground with 
sparkling bi illiaiicy, and may be used with polarised liglit. 

A chromatic condenser, somewhat similai* in construction to this, 
and of low price, is made by Messrs. Powell and la aland ; but it is 
of mucb higher power, so that the distance betAveen the foci for 
the centi al and peripheral rays is not so great, and on this account 
it yields a somewhat larger a]>laiiatic cone. This instrument with 
its diaphragms is show n in hg. ‘256. It is more couNaaiient in form, 


and can he handled and adjusted with gri'ater facility, than that ol 
Abbe, ^ria ■ si/.e ol* tlieir resj)ecti\'(“ hack haist's is significant in this 
regard, that of Powell’s being yV, iech, and that of Abbe’s being 
1 incli. ’J’his instrument of Powclfs, if fitted in the usual way, 
would be now a very efficient in.strument of its kind and quality. 
The ])articulaT* fpiality of oblicpu* illumination was in fact still 
further ad\anced by a modilicMl form l)\' the suiiu' makcas known as 
Powell's truncat(Ml condenser, which gives great obliquity with 
al»un(lanc(‘ of light, but it is as a matter of course very chromatic. 

The diapluagurs (fig. 256, A) .liave a central a|)erture for the 


Fig, 265. — Abbe’s chromatic condenser as applied to the Zeiss microscopes. 
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purpose' <> 1 ’ ('('111 riiiii, .111(1 the inovoiiioui is in.-idt' liy iiK'.ins of ;ui 
outer sliding tidx' />, witli ji slot, at the top in which tlu' .11 ni A lits, 
and anothei- ann, H, is jilace'd at the lower end so as to ,i;i\e ready 
eonnnand of tlu' rotation. This plan allows of tlu' use* of one oi- t wo 
ohlicpK' ])eneils incid('nt i)()° a])art. in a/inmtli. 'fla' coiKh'iisei thus 
mounted is only inU*nd(*d as an ohliipa' illinnni.itor. It fonns one' 
of the best of the very eh (‘a p coiah'nsers wIk'U it, is mounted in a 
plain tube mount with a h'd^t' to hold tin* di.i[)ln a_i;ms 1 ) is the 
optical part of the condc'usc'r plac(‘d inniK'diati'l v a))o\(' the' dia- 
phragms and in oil-innnersion (*ontact with the has(‘ of tlu' slide. 
The circular diaphragm is ti\('d into th(‘ inner tidx* attaclied to th(‘ 
sul) stage t.nl)(‘ (/, just Ik'Iow tin* position of the arm A ; tin' oth(*r 
diaphragm is screw I'd to it hy a scri'W in the eccentric hole, shown 
in each. Jt, wall Ix' se(*n that when the diaphiagms an' placed 


together in this maiim'r tlu' 
movement of the arm Avill 
produce the changes in the 
light as above mentioned. 

As we intimated above, 
Professor Abbe siibseipa'iitly 
produced an aclmnnut'ic con- 
denser ^ ostensibly for use in 
high-power photogra phi(t 
work, but in fact of much 
more general utility. It 
(consisted of a single front 
with two doiihh' b.icks, .md 
it projects a sharj) and pi'r- 
fectly achromatic imag(‘ of 
the source of light in tlu* 
plane of the object. Its 
power is low, being inch 
focus, and it has a total 
aperture of PO. Its great 
supei-iority over the chro- 



Fl(i 256. — Powell .01(1 Tjealand’s 
chromatie oil cotKli'nser (IHSO). 


matic form is that it trans- 


mits a much largiw aplanatic cone than that ; for w lu ix'.is the foi'inei* 
ga.ve only an ajdanatic (‘om* ol* ’r), this inst rinm'nt- \ields a similai- 
cone of '(15. I>nt W(‘ h.i\c alrc'ady expri'ssed oni’ ph'asiin' lh.it ('xi'ii 
this form has been siirpassi'd by 1 he high ipialit > condi'iisi'i illnstiati'd 
in fig. 1^57. Ijik(‘ its jiri'di'cessoi-, it. is largi* and h('av\ , and, with 
great deference and I'l'sjx'ct to onr (font iiK'utal ni'ighboui's. w(' would 
suggest that this is a too gi'iiei'.il chaiucti'ristic . tlu' bai'k h'li^ in this 
cas(' is mon' than an incli m diaim'ti'r, while hari'K •[ of .in inch is 
utilised will'll it is transmitting its largest cone .V very exeellent 
modifi(*at ion in titting it to English mierosc()p('s has been made by 
Mr. (diaries P.iker, tlie optieian, wbieli is shown in fig. 258. wlii'j-i' 
it will h(‘ MM'ii that the fitting for stops is eonveiiiently placi'd, and 
an iiis diaplnagm can be used with great eas(' Ix'low ibis ddns 
‘ turn-out ’ aian earrii's a disc of nu'tal to ri'ceixi' thi' diaphragms, 
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stops, Ac. Ov(‘vtlns is tittiMl n rioi;- into \vl\ich seroNV ndapttM s, winch 
will allow other coiKhniscrs to he used on the one inei‘hanisiu. 

Th(‘ iiudal (lis(' sliould have a central aperture as large as the 
largest hack huis of any of the combinations to he ns(Ml with the 
mount. It should he thick enough to recoixe two sto])s or dia- 
pliragins at a time. This power to alter a. dia|)hragiu or stop so as 
to secure any required arrangement of apertures and stops’ without 



Fko ‘257. — Abbe’s achromatic condenser (1888). 


in the least disturbing any of the a<ljust uients of the condenser is a 
practical gain of a A ery \ alnahh^ kind. 

Diaphragms should In* marked with the numerical aperture they 
yi(‘ld, and stops sliould lie marked Avith the inmu'rical a)>erture of 

uumhm-s are misleading and 
valueless. This special mark- 
ing need not iiiA^olA e two sets 
of diaphragms with two con- 
denser coudhnatious, one for 
high and the other for low 
|)owers ; the different numeri- 
cal apertiu-es for each may he 
marked on either side of the 
diaphragm or stop. Memoiy 
cannot fail if we make the 
loirer side of the diaplu’agm 
indicate' the apertures for the 
lower [>ower condenser, and 
vice versa. 

We may note that for 
dark-groum^ Avork. sto])s 
should he placed close to the hack hms of the comlcnser. and in t lu* 
(•ase of a diaj)hragm- which is h‘ss linpoi taiit an inch of distaiue 
should not he (‘xc<'(‘ded. Tliis coudeusta- gives dark ground illumi- 
nation w ith ohjccta\'(‘s of ’5 N.A. ; for such illumination it is one of 
t he best illuminators extant. 


the cone they cut out. Empirical 



Fig. 258. — Baker’s fitting for Abbe’s achro- 
matic condenser ustjd in Englisli micro- 
scopes. 
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The ii*is diaphragm is for general purposes more convenient than 
the usual circular plate, hut it has the drawhack of being incapable 
of setting to any exact size. A delicate point in an image, caught 
with a certain-sized diaphragm, is not regained with ease and cer- 
tainty with the iris,’ and may involve much patience and labour; 
hut a well-made large plate of graduated diapliragms will wholly 
I’emove this diliiculty. Moreover, for testing object-glasses it is 
supremely important tliat a metal diaphragm he used, so that the 
conditions of illumination may he readily and accurately reproduced. 

It may he of service to tho.se who are unable or indisposed to 
spend c(aisi<lerable sums upon condensers to .state that an excellent 
achromatici condenser can be made by placing a Zeiss ‘ aplanatische 
Lupen ’ on SteinheiPs formula, in tlie sub-stage. ^ This plan has 
been adopted in one of Reichert’s .stands, as we have .seen. 
These are made in two ditfei'ent j)Owers, viz. 1 inch and My inch, and 
we can fully te.stify to their being the mo.st useful hand-len.ses for 
ordinary work that can be employed. (Ireat credit is due to Dr. 
Zeiss for hianging out such excellent a, chromatics lenses at .so low a 
price, and .so meeting a, want long and generally felt. Excellent 
foiins of triplet lenses answeiing a similar purpo.se are made by 
Bausch and Lomb aftei* the cakmlations of Pi-ofes.sor Hastings, a,nd 
most leading makers. Continental a,nd Engli.sh, make similar magni- 
liers to tliose of Zei.ss. An achi'omatic loup of this kind is almo.st an 
indi.speiisable accompaniment of a microscopic outfit, and, if a, tube to 
receive it he arranged in the sid)-stage, the.se len.ses make really ex- 
cellent condeusei*s for low powers It need not have a centring sub- 
stage, but only a central fitting. It is not of (‘ourse qualified to 
.supjfiant the conden.sei* of lai-ger and more perfect, in.sti’uments, but it 
is capable of raising .student.s’ and other simple microscoptis to a much 
higher level. 

Without a conden.ser the micro.scope is either (by construction) 
not a .scientific in.strumeiit, or it is an in.strument unscientifically 
used. It bec.omes a mere ‘ magnifying glass.’ It is the adaptation 
for and use of a condenser — tho\igh as sinqde as a liemispherical lens 
fitted into a .stage plate — that rai.ses it to a micmscope. 

We have already refei-red to the nature of the mechaniail 
ai’i’angemeiits needful for the conden.sei- in a gemunl way (Chapter 
HI., j)p. 185-190) ; we may add hem that the simplest form of sub- 
stage being a tube fixed (*entrally in the optic axis of the microscope, 
the sim])lest form of condenser-mount will be a tube sliding into 
this. It mu.st not .screw, it mu.st push, and theie .should be a little 
below the back lens a .shoulder to hold the diajdira gins, stops, glasses, 
ike. Centring gear is not nece.s.sfiry with students’ and elementary 
micro.scopes. The .slight disjdacements <lue to varying centi'es of 

^ It will be urged that axjertures can be exactly reproduced with the iris in 
photographic lenses ; why cannot they, therefore, in the case of the microscope ? 
The answer is (1) that with wide-angled condeiiberb a very slight difference in the 
aperture makes a very great difference in the angle ; a similar difference would be 
inappreciable in the case of a photographic lens. i2) It is in small apertures such 
as are seldom used in iihotographic lenses where the difficulty arises in the case of 
the microscope. (8) It is in the small apertures that the iris fails to respond to 
the movement of the lever. 

Journ, QucA;ei;<M'?r.C/?/?>,vol.iv.8er.ii.p. 77 (1889), on Zeiss's loup. E.M. Nelson. 
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different objectives will with such microscopes prove of no moment 
if the sub- stage is once foi* all carefully fixed centrally in the axis. 

What we require to do is to centre the image of the lamp dame, 
as seen with a low-power lens through the condenser, so that it 
stands in the middle of the field. This can be done by moving the 
lamp or the miri-oi*, and until this is satisfactory the best results 
cannot be obtained. To obviate the inconvenience of having to I'e- 
move the combination in ordei* to alter a diaphragm ^ or stop in 
this simple mount an internal sliding tube may be used. It will be 
a fui'ther advantage to have a separate cell to fit into the bottom of 
the sliding tube to recei\'e coloured glasses ; a spiral slot- focussing 
aiTangement may be added with advantage to this kind of mount, 
acting like a pocket pencil. For students’ and elementary micro- 
scopes — still so often and so unwisely without condensers — this is a 
most inexpensive and most convenient arrangement. 

An epitome of its pi'iiudpal points may be of service. 

1 . A sub-stage tul)e fixed centrally to the body of the microscope. 

2. A spiral slotted tube to push into (1). 

A tube oirrying the optical combination of the condenser 
sliding into (2), with a pin moving in the spii'al slot. 

4. A long tube carrying the dia])hragm and slots sliding into (3). 

5. A cell carrying coloured glasses sliding into the bottom of (4). 

(y ondeiisers require spechd dioh ntl n.<j for use folth the jmlo/rlscope. 

Then at least two ‘ turn-out ’ rotating rings are requiied to liold 
selenites. Swift makes an ingenious mnltom, In, parro mount for 
employing, amongst other things, the condenser with the polai iscope, 
to which we call attention in describing the polariscope. But we 
know of no plan equal to that found in th(‘ best stand of Powell and 
Lealand. The sub-stage has a, double ring, one placed concMUitrically 
within the other. The inner one revolves by a milled head and 
receives the usual sid)-stage apparatus. The outer one receives a 
mount of three selenites which revolve, and are ])laced on ‘ turn-out ’ 
arms. On the upper part of this mount of selenites is a scr(‘vv, which 
leceives the optical combination of their diy achiomatic^ coiideii.ser. 
When this is screwed in its place we have a condens(‘r of the first 
order, with a mount of three plates of selenit(\s taking the place of a 
mount of diaphragms, Ac. Xow from the under part of the sub- 
stsige into the inner and i*evolving ring is fitted the polaiiser, and 
this leaves little t(j be d(\sired in jaactice. 

We would advise the microscopist to avoid condenser mounts 
which ctirry their own centring movements apart from the sub- 
stage. Tt is with regret that we find thafthis plan has been adopted 
in Abbe's new achromatic- condenser. It is manifestly better t(j tit 
the rectangular movements to the sub-stage, and then they become 
available for all the apparatus employed with the suh-stage. A plan 
which requires that each piece of sub-stage apparatus which needs 
centring should be ju'ovided with sepai ate fittings foi* this purpose 
cjin have nothing to l ecommend it. 

^ In the technical language or usage of microscopists a diaphragm means a hole 
or aperture ; thus a ‘ large diaphragm ’ means that the opening in the diaphragm 
plate, disc, or iris is large. A ‘ stop ’ is an opaque disc stopihng out central rays. 
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We give below a list presenting the most important features of 
the most important condensers, wliich we believe will be of service 
to the student and worker. 

The aplanatic aperture given in the table means the N.A. of the 
gi'eatest solid cone a condenser is capable of transmitting, the 
source of light being the edge of the flame phiced in the axis. 

The cone transmitted by any condenser is assumed, for practical 
purposes, to be a solid one, so long as the image seen at the back of 
the object-glass when the eye-piece is removed (the condensei* and 
flame being centred to the optic axis of the objective, and the source 
of light focussed by the condenser on the object) ])resents an un- 
broken disc of light. 

The moment, however, the disc breaks, that is, black spots 
appear in it, or its pei’iphery breaks away from its centre, then, as 
we have shown above, sphei*ical aberration comes into play, and tlie 
limit of aperture for which that condenser is aplanatic has been ex- 
ceeded. 


1 

( 'onden-'cr ' 

Total 

apeiture 

Aplanatic 

aperture 

I’ower 


N.A. 

N.A. 


1. Powell and Lealand’s dry achromatic (1854) 

•99 

•8 

i 

,, ,, ,, new tormiila (1859) . 

•99 

•8 

1 . 

2. ,, ,, ,, top lens removed 


•5 

1 

3. ,, ,, ,, bottom lens only 

— 

•24 

2 

4. Swift’s achromatic (1868) .... 

•92 

•5 

_4_ 

5. „ „ top lens removed . 

— 

•22 

1 

6. Abbe’s chromatic (3 lenses) (1873) . . , 

1-3G 

*5 

1 

7. ,, ,, top lens removed 

8. Powell and Lealand’s chromatic (Abbe’s 

formula) (1880) 


•3 


1-3 

•7 

1 

9. Powell and Lealand’s oil achromatic (1886) 

1-4 

11 

i 

10. „ ,, „ „ „ used dry 

1-0 

•8 

1 

11. ,, ,, ,, „ toj) lens removed 

— 

•4 

JL 

12. Abbe’s achromatic (1888) 

•98 

•65 

1 

2 

13. „ ,, top lens removed 


•28 

1 

14. Powell and Lealand’s low -power achro- 
matic (1889) 

•83 

•5 

j j 

1 A i 

15. Powell and Lealand’s apochromatic (1891) . 

16. Zeiss’s ‘ aplanatische Inpen,’ large field 

(Steinheil formula) 

•95 

•9 

: i ! 


1 

•32 

: 1 

17. Beck’s achromatic, dry (1883) 

10 

i *9 

i i 

18. ,, oil achromatic (1900) 

1-4 

! 1-3 


19. Swift’s apochromatic, dry (1892) . 

•95 

i -92 

i 

20. „ panaplanatic, dry (1897) . 

10 

•93 

i 

21. „ „ oil (1898) . 

22. Watson’s panachromatic, dry (1898) . 

1-4 

1-30 

* 

10 

i -95 

2 

Y 

23. „ „ oil (1899) . 

133 

! 1-25 

i 

24. Zeiss’s oil achromatic (1899) 

1-30 

i 

— 

25. Baker’s semi-apochromatic dry (1900) 

10 

' -95 


The values of the first sixteen and of Kos. 22, 

23, and 25 have 


been obtained from actual measurements ; the others are from the 
estimates of the makei’s. 

The limit given in the table is for the edge of the flame as a 



3i6 


ACCESSORY APPARATUS 


source of light. When, however, a single point of light in the 
axis is the source, the condenser will be much more sensitive, and 
a lower value for the aplanatic aperture than that given in the table 
will be obtained. But as a single point of light is seldom, if ever, 
practically used in micioscopy, it was deemed better to place in 
the table a pi*actical rather than a theoretical and probably triiei* 
result. 

It has been sbited that the best dark groumls aie obtained when 
a stop is used which is of just a sufficient size to give a suitable dark 
field and no more. 

When such a stop has been chosen, and excellent results are ob- 
tained with, vsay, balsam-mounted objects, if, in the place of this, 
living animalcules in water be examined, it will probably be found 
that a dark field can no longer be obtained. 

For animalcules in water and ^ pond life ’ generally a stoj^ larger 
than that employed foi* oinlinary objects will be necessary. 

Other Illuminators.^ — In the course of the history of the micro- 
sco2)e a large number of special pieces of apparatus have been devised 
for the purpose of ac(‘omplishing some real oi- supposed end in illumi- 
nation. Many of these have proved wholly im})racticable and had a 
mere ephemeral existence ; many more never accomplished the end 
for which they were supposed to be constructed ; and a, still hu'ger 
numbei* have been superseded by high-class condensei s. 

The great majority of these illuminators were devised for the 
production of obli(pie light. In the sense in which it was em})loyed 
a few years ago, it is rendered needless by condensers of great aper- 
ture. All the oblicpiity at present needed can be obtained with good 
condensers. 

To give com 2 )leteness to this part of our subject it is needful to 
refer to the spot-lexs and the parabotx)TD, although they are only 
serviceable for very low powers, such Jis 8-inch to 1^-inch objec- 
tives, and for use with highei- powers they are superseded by the 
condenser. 

A spot lens is a condenser with a permanent axial stop fixed in 
it to cut off the central rays for the pur[)ose of obtaining a dark 
ground upon whicli the illuminated object lies. Its use is very 
beneficial in low-powei* work. Large insect preparations are pro- 
bably better shown with this device than with any condenser, but 
when the moderate })owers are biought into operation the condenser 
at once makes manifest its superior qualities. 

The paraboloid, or parabolic illuminator, as devised by Mr. 
Wenham, and subsefpiently improved by Mr. Shadbolt, ingenious 
and beautifid instrument as it is, comes undei- the same category. 
It consists of a. paraboloid of glass that reflects to its focus the rays 
which fall upon its internal surface. A diagi-ainmatic section of 
this instrument, showing the course of the rays through it, is given 
in fig. 259, the shaded portion representing the paraboloid.^ The 

^ A parabolic illuniiiiator was first devised by Mr. Wenham, who, however, 
employed a silver speculum for the purpose. About the same time Mr. Shadbolt 
devised an annular condenser of glass for the same iiurpose (see Trans. Micro. 
Soc. ser. i. vol, in. 1852, pp, 85, 182). The two principles are combined in the glass 
paraboloid. 
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rays r r' r'' (fig. 259), entpving its lower snrfae(‘ ])«‘r|)(‘ii<lieu- 
larly, pass 011 until they meet it.s paralx^lie Mirfaia*, 011 wliieli llu'V fall 
at such an angle as to be totally reflected by it, and ar(‘ all directed 
towards its focus, F. The top of the paraboloid being gr()im<l out into 
a spherical curve of which F is the centre, the j a\s in onna ging fi-om 
it undergo no refraction, since each falls pca ixaidieiilai Iv upon tlu^ 
part of the surface through whi(‘h it passes A stop placed at S 
prevents any of the rays reflected upwards by the minor from 
passing to the object, which, being ])la('ed at F, is illumin.it(‘d by 
the rays reflected into it from all sides of tb(‘ paraboloid Those 
rays which pass through it diverge again at \arious angles; and if 
the least of these, G F H, be greater than the angb‘ of ap(*r 1 m e‘ of 
the object-glass, none of them can enter it. The stop S is .dtaebed 
to a stem of wire, which passes vertically through tlu' pai-.iboloid 



Fio. 2.5t). 


Fi(.. Paiiibolic 
illuminator. 



and terminates in a knob beneath, as shown in lig. 250 ; and by 
means of this it may be pushed upwards so as to (*ut oil' tin* h\ss 
divergent rays in their passage tow a ids the object. It is claimed 
that this instrument has great ca})abiliti(‘s of giving dai k-ground 
illumination with lenses of ‘ wide ajiortures ; ’ but that has application 
to the lenses contempoiury with its introduction, and not to widt^ 
apertures as applied to the lenses of to-day. In comparison with 
what can be done with comhuisers it sutlers greatly aft(‘r wt‘ pass 
the ^-inch objective, although it does give excellent lesults with 
very low powers such as 1-inch, l)>-inch, 2 in(*h. md 2 inch 
objectives when employed to illuminate largi^ objects such as whoh‘ 
insects, because this instrument gives more difiusion of light over 
the whole of a large object than a condenser does. 

Polarising Apparatus.— In order to examim' tianspaieiit objt'ets 
by polarised light, it is necessary to emjiloy .some means ot‘ 
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the rays l)efove they [)!iss tlwoiigh the ol)jeei. and to apply to them, 
in some part of their course between Ihc; ol»ject and the eye, an 
analysirtij medium. These two i (‘(juirements may be provided for 
in different modes. The polariser may he either a bundle of plates 
of tliin glass, used in place of the mirror, and polarising the rays by 
reflexion ; or it may be a ‘ single image ’ or ‘ Xicol ’ prism of Iceland 
sj>ai-, which is so constructed as to transmit only one of tlie two 
lavs into whicli a beam of ordinary light is made to diAiiricate by 
passing througli this substance. ( H‘ tla‘se tw o methods the ‘ Nicol ’ 
prism is the one generally preferr(‘d. the objection to the reflecting 
polariser being that it cannot be made to lotate. This polarising 
prism is usuaHy fixed in a tube, and is sliown in a simjile form in 
A, fig. 261 ; it is usually emtiloyed in a sub-stag(‘ w liich rotates by a 
rack-and-pinion arrangement, so that rotation of the prism is easily 
effected. For the analyser a second ‘ Nicol ’ jnlsm is usually em- 
ployed ; and this, fixed in a shoi t tube, may l)e fitted into a c*ollai- 
interposed between the lower end of the body and the objective, 
as is shown in B, fig. 261. The prism in this fitting can also 

be rotated by the fingers 
grasping and giving circular 
motion to the inner fitting of 
B, and it is always important 
that the polaiising prism 
should be large, so as not to 
act as a diaphragm to the con- 
dcmscr, thus cutting off the 
light w hen it is used ; for the 
polarising ajijiaratus may be 
worked in combination either 
witli the acluomatic con- 
denser, by which means it may be employed witli high-pow^er 
objectives, or as a ‘dark-ground* illuminator, which shows many 
objec'.ts — such as the horny polyparies of zoophytes — gorgeously 
projected in colours upon a dark field. 

For bringing out certain effects of colour by the use of polaidsed 
light it is, as aln/ady stated, desirable to interpose a plate of selenite 
between the polarisei' and the objt‘ct ; and it is advantageous that 
this should be made to i nvolve. A way coiiveiiient mode of effecting 
this is to mount the selenite plat<‘ in a revolving collar, which fits 
into the ipiper end of the tub(‘ that l eceives the polarising prism. 
In order to obtain the greatest. \ ai*it‘tv of coloration with different 
objects, films of selenite of diflei iml t liick!i(‘ss(‘s should be employed ; 
and this may be acconijilisluMl ly sul)stit ut ing oiu' for another in the 
revolving col 1 a r . A still greater variety may be obtained by mounti ng 
three films, wliic li sc[)a l ately give three different colours, in collars 
revolving in a Iramc rcsi>nd)ling that in which hand-magnifie!rs are 
usually mount (‘(1, t his (lamc Ixang litt(‘<l int.o tla* sub-stage in such 
a manner that eithei- a single s(*h‘nit<‘. or an\’ combination of two 
selenites, or all tliree together, may lie l>rouglit into the ojdic axis 
above the polarising prism (fig. 262). As many as thii tviui dillerimt 
tints may thus be obtained. When the construction of the micro- 



PiG. 261 . — Polarising apparatus. 
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scope does not i-o.-idily admit of tlu‘ coinKH-tion of tli«‘ selenite plate 
with the pol.n isiny pi ism, it is conxeniiail to make ns(‘(»f a plat«‘ of 
})i‘ass (fig. 2().‘)) somewhat laigm- than th<‘ ylass siKh'v. m which 
objects are ordinarilN mountiMl, with a ledyi* msar one e(lg(‘ i’or 
the slide to rest against and a large circular aperture into which 
a glass is fittcMl. having a film of selenite cemented to it ; this 
‘ selenite stag(‘ ’ 01 ohji'ct carrier being laid upon the stage of the 
microscope, tin' sliih' containing the object is placed upon it, and, by 
an ingenious modification contrixeil by I )i Leeson. the 1 ing into 
which the selenite plate is fitteil luang made mo\ahlc. one plate may 
be substituted for aiiotluu*, whilst lotation m.i\ be gi\en to tlu' ring 
by means of a tangent-sci'ew titbal into tlu‘ brass jilatc* The 
variety of tints given by a. selenite film under polarised light is so 
greatly increased by the interposition of a lotating film of mica that 
two selenites — red and hh(e~ with a muM film, an* found to gi\(“ the 
entire seri(\s of colours obtainable tVom anv numlua- of sc'leiiite 
films, either sejiarately or in combination with I'ach other 

Tlie compact apparatus madi* b\ Swilt as a gcmeral sub-stage 
illuminator is iisi'ful and commendable, 
and is capahh' of adaptation to most 
English microscoiK‘s. It is shown in tig. 
2()4. sp(‘ci.d a>l\'antag(‘ of this con- 

denser lies in its ha\ing tlie [lola rising 


Pics. mi. 




prism, the selenite and mica, films, tlu‘ black ground and oblicpie- 
light stops, and the moderator all brought, close* unde*! tlu* back h'lis 
of the achromatic; whilst if combines in itsc*lfall the most impoi tant 
a])pliances which the sub-stage of a good moderate microsc*o])e c.iii 
require. 

Rings and Brushes. — Mr. Nelson has ])ointed out {‘Journ. 
R.M.S.,’ 1 892) that it is 1 (‘inarkabh* the* microsco]>ical t('\t hooks 
give no account of tlu* mc‘thod ol \it*wiiig the* 1 Ing^ and In uslu*s 
wliicli c(*itain miiu*i als show' und(*r ]>olarisc‘cl light. It the* instrn 
merit be* sc*t up as if for vic‘wing oi*dinar\ poku isc*oj)c‘ ohjea-ts. not a 
I'ing or a bi‘ush will be* sc*en. 

'flu* whole* ])oint li»*s in the fact that it is a w i(k*-angl(*(l irlef^cope 
that !•( M I u i i'('( 1 , and not a nucrosco|)c‘ ( )nc‘e this m rt'cogniscal tlu* 
wliolc' mattc'i is simple* As tla* mic'roM’opc* ha-^ to lx* turiu'd into a 
w idc*-a nglc*d polarising tc*lc‘sc*opc*. al 1 t hat is n(*<-c"'sai \ istosc*rc*w a low 
power on the* ('lid of the* draw -tube*, as in lig 21).) As tlu* light r«*(]uiri*s 
to be pass<*d through the* cr\st,*d at .a consid(*ra hlc* angle, a widc*- 
angh'd c*ond('ns(‘r should be* ('mplo\ ed, but, it iu*(‘d not Ik* achromatic. 
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'rh<‘ ()li)joc*tive most snitalAe is a. N.A. ; but a jtli of *71 

X.A., or a of ‘(io N.A. will <lo tajually well, as the whole of the 
hack lens of the ohjeetiva* should lu* visible tlu'ough the analysing 
‘ Niool ; ’ the back lens of the <)bj(‘etiv(‘ must not be too large, thus a 
^ inch of *65 X.A. would not do so widl. Th(‘ analysing prism may 
be placed either where it is in tlu* drawing or above the ey(‘ pi(a'(‘. 


Practically it vv'orks v*ery well abov(‘lhe 
objective*, which is tlu‘ position it occupi<‘s 
in • ordinary microscopical outfits.’ 

For the draw-tube a 2-inch obj(‘ctive 
and a B or C eye-piece will answ(“r 
admirably. 




Fig. 265. — In this diagram P 
is the polarising prism in 
the sub-stage, C sub-stage 
condenser. On the stage 
M mineral. On nose-piece 
O* objective y\jths '64 N.A. ; 
A analysing prism. In the 
draw-tube, O^ objective 2 
or 3 in. H, Huyghenian 
eye-piece. 


For setting up the instruinent it is better, before screwing the 
objective in the end of the draw* tulK‘, to centre the light in the 
usual manner, the ‘ Xicols ’ being tui-ned s(' as to give a light field 
Next fix the objective in the drawtulx*, ojxai the sub-stage^ con 
denser to full aperture, and put the mineral on the stage.^ Puick 
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down trliB l)()fly, so tjijiti tiliG oV)j(H*tivp 011 t]i<* ii()s(*-pipcG iiPiirly 
touches the crystal ; then focus with t]u‘ diMw -t ul)(> (‘\( !u.sh'<‘l\ . Tlie 
sub-stage condenser should be racked u)> elosr to t lu' uud(‘i‘ side of 
the crystal. 

The use of monochromatic light is fre(pmnthf desirable in mict'O- 
scopic (Cork, especially blue light, Mltl»oiigh of less nioinent than 
in pre-achromatic days. The usual iiH^thod of obtaining coloured 
light is to pass sunlight through coloured glass, or "through a 
coloured solution, such as the aminonio-sulphate of coppca* ; but this 
is a most imperfect and unsfitisfactory method, and does not <ove 
/ao?iochromatic light. This most valuable mode of dlumi nation has 
been made possible by the use of what is now known as the (lifford 



screen, from tlie name of its 
inventor, Mr. J. W. (lifford ; 
and when artificial light is 
iist‘d one of these screens 
should be interposiMl between 
the lamj^ and the Mib-.stage 
condenser. Jt is shown in tig. 
266, and consists ot a glass 
trough, about 3 inches long by 
2 inches broad and i^T^ths deep, 
filled with a solution of methyl 
green and glycerin mixed 
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Fig. 266. — Gifford screen with an adjustable Fig. 2()7.— Gifford’s F-line mono- 
stand. chromatic lij^ht screen. 


warm. Now this solution passes a little band of inti a led, which 
must be cut out. To do this a piece of signal green i^lass just fitting 
the trough is placed in it. 

A piece of ordinary commercial signal green would cut out too 
much light, and render the sci-een too opaipie ; thei‘efm*e it is 
requisite to have this signal green glass w’orked dow 11 to about half 
its thickness, so that only the infra red passed by the. metliyl 
gi*een is cut out, and nothing more. This sci*een is called an 
F-line screen, because the F line is in the centi*e of the band }>assed 
by it. The band for general microscopical purposes may iisefully 
extend from E to G. The impoi-tance of this screen (*annot ])e held 
too high by the modern microscopist. It makc.^ .semi apocln oiii.itic 
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objectives equal to real apochromatics, and it sharpens the images 
yielded even by the latter, whilst it incieases resolving power in all 

lenses, and amelior- 
ates the strain often 
felt by woi'kers who 
have not before used 
it. 

The cell contain- 
ing the solution and 
worked glass may 
either have its upper 
end sealed hermeti- 
cally with paraffin, or 
be simply caiefully 
corked ; the latter 
plan, if the coi*k is 
carefully made, ad- 
mits of the easy 
o})ening of the cell 
and renewal of the 
fluid. A diagram- 
matic illustration ol* 
the effect of the use 
of the screen is given 
in fig. 267, which 
represents the band 
of coloui* passed 
through the F-line 
screen. The gi*een 
is i*epi‘esented by the 
horizontal lines, and 
the blue, in whicli 
the F line is situated, 
by the diagonal lines. 

The c*ell itself is 
prepared by t lie Ley - 
bolds process, and is 
fused at the joints 
and never leaks ; a 
still simpler and less 
expensive means of 
making such a filter 
has lieen devised by 
Dr. A. Meithe, pro- 
fessor of s])o(‘tral 
analysis at Ika lin. 
The filter consists of 
a trough containing 
thickness of saturated solution of acetate of copper 


filtered ; a variation in the thickness of the 
desirable, but the results are excellent. 


troughs or tanks is 
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Equally perfect monochromatic illumination can be obtained by 
prismatic dispersion. 

A method of approximating to monochi-omatic illumination has 
been devised by Mr. Nelson which answers admirably with an 
ordinary ^-inch wick paraffin lamp. Briefly, the rays proceeding 
from the radiant are passed thiough a slit, as in fig. 268, and 
dispersed by a prism of glass, and by means of a second slit any 
portion we wish may be selected from the spectrum to be used for 
the purpose requii ed. 

First an image of the edge of the flame is focussed upon the slit 
by means of a bull’s-eye consisting of three lenses ; next the slit is 
placed in the principal focus of a lens known as a Wray 5 X 4 R R, 
f . . 

vrorking at (this lens is not shown in the cut). In the parallel 

0*6* 


beam fi’om this lens and close to it is placed an equilateral prism of 
dense flint set at minimum deviation. Close to the prism is placed 

f 

another Wray 5 x 4 R R, workirm at . If a, cardboai*d screen be 

5-6 


held at the princij)al focus of this lens, there will be seen a spectrum 
brilliantly illuminated. A slit i\,4h inch in diameter is cut in the 
cardboai’d screen, through which the required colour is allowed to 
pass to the miiTor of the microscope, thence to the sub-stage con- 
denser. For visual work blue green is the best, but for photo- 
graphic work blue would be chosen unless orthochromatic work 
required a colour lowei' down the spectrum. 

Sorby-Browning Micro-spectroscope.^ — Wlien the solar ray is 
decomposed into a coloured spectrum by a prism of sufficient disper- 
sive power, to which the light is admitted by a narrow slit, a 
multitude of daik lines make their appearance. The existence of 
these was originally noticed by Wollaston ; but as Fraunhofer first 
subjected them to a thorough investigation and mapped them out, 
they are known as Fraunhofer Hues. The gieater the dispersion 
given by the multiplication of pilsnis in the spectroscope, the more 
of these lines are seen ; and they bear considerable magnification. 
They result from the interruption or absorption of certaiji rays in 
the solar atmosphere, according to the law, first stated by Angstrom, 
that ‘ rays which a substance absorbs are precisely those which it 
emits when made self-luminous.’ Kirchhoff showed that while the 
incandescent vapours of .sodium, potassium, lithium, &:c. give a 
spectrum with characteristic height lines, the same vapours intercej)t 
portions of the spectrum so as to give dark lines at the points where 
the bright ones appeared, absorbing their own special colour, but 
allowing rays of other colours to pass through. Again, when ordinary 
light is made to pass through coloured bodies (solid, liquid, or 
gaseous), or is i*eflected from their surfaces so as to affect the eye 
with the sensation of colour, its spectrum is commonly found to 
exhibit absorption handsj which differ from the Fraunhofer lines not 
only in their greater breadth, but in being more or less nebulous or 


' For general information on the spectroscope and its usee the student is referred to 
Professor Robcoh' sLectui'es on Specti'um Analysis, ov the translation of Dr. Schellen’s 
Spectrum Analysis, and How to use the Spectroscope, by Mr. John Browning. 

Y 2 
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cloudy, 80 that they cannot be resol xcd info distinct lines by imgni- 
fication, while too much dispersion thins tluMii out to indistinctness. 
Now, it is by the cliaracter of these bands, nnd by their j)osition in 
the spectrum, that the eoloui-s of different sul)stances can be most ac- 
curately and scientifically compared, many colours whose impressions 
on the eye are so similar that, t law cannot 1)(‘ distinguished being 
readily discriminated by tlieii* sjx'ctra. The purpose of the micro- 
spectroscope ^ is to apply the specti-oscopic test to very minute 
quantities of coloured substances ; and it fundanumtally consists of 
an ordinary eye-piece (wdiich can be fitted into any microscope) with 
certain special modifications. As originally devised by Dr. Sorby 
and worked out by Mi*. Browning, the micro-spectroscope is con- 
structed as follows (fig. 269) : Above its eye-glass, which is achro- 
matic, and made capable of focal adjustment by the milled head, B, 
there is placed a tube, A, containing a series of five prisms, two of 
flint glass (fig. 270, F F) interposed between three of crown 
(C C C) in such a manmn* that the emei*gent rays, r ?*, which have 
been separated l>y dispcrsio]!, leave the prisms in much the same 

diiection as the immei'gent ray 
entered it. Below the eye-glass, 
in the place of the ordinary stop, 
is a diaphragm with a nari*ow slit 
which limits the admission of light 
(fig. 269); this can be adjusted in 
vei’tical position by the milled head, 
H, whilst the breadth of the slit is 


b IG. 269. — Micro-spectroscope. 

regulated by C. The foregoing, witli an objective of suitable power, 
would be all that is needed for the examination of the spectra of 
objects placed on the stage of the mici'oscope, whether opaque or 
transparent, solid oi* liquid, provided that they transmit a sufficient 
amount of light. But as it is of’ gi*eat impoi’tance to make exact 
comparisons of sucli ai tificial spectra, alike with the ordinary or 
natural spectrum and with each other, provision is made for the 
formation of a second sjiectrum by the insertion of a right-angled 
prism that covers one half of this slit, and reflects upwards the light 
transmitted through an aperture seen on the right side of the eye- 
piece. For the production of the ordinary spectrum, it is only 
requisite to reflect light into this apertui*e from the small miiior, I, 
(•al l ied at the side ; whil.st for the production (^f the sjiectT’um of any 
sulistance through which the light reflected from this mirioi* can be 
transmitted, it is only necessary to jilace the slide cai*rying the 
section or ci*ystalline film, oi* the tube containing the solution, in 

^ We do not make tlie cliange, lest complications should arise; but we think it 
would be more harmonious with analogy to <:*all this instiuineiit the sjwctro-micro- 
8cope. 



Fig. 270. 
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the frame, D D, adapted to receive it. In either case this second 
spectrum is seen by the eye of the observer alongside of that pro- 
duced by the object viewed through the body of the microscope, so 
that the two can be exactly compared. 

The exact position of the absoi'ption bands is as important as 
that of the Fraunhofer lines ; and some of the most conspicuous of 
the latter afford fixed points of reference, provided the same spectro- 
scope be employed. The amount of dispersion determines whether 
the Fraunhofer lines and absorption bands are seen nearer or 
farther apart, their actual positions in the field of view varying 
according to the dispersion, while their relative positions are in 
constant proportion. The best contrivance for measuring the 
spectra of absorption bands is 
Bro^vning’s l)right-line micro- 
meter, shown in fig. 271. At R 
is a small mirror by which light 
from the lamp employed can be 
reflected through E 1) to the 
lens C, which, by means of a 
perforated stop, forms a, l^right 
pointed image on the surface of 
the upper prism, whence it is 
reflected to the eye of the o]>- 
server. The rotation of a wheel 
worked by the milled head, M, 
carries this bl ight point over the 
spectrum, and the exact amount 
of motion may l)e read off' to 
,j),\,)^th inch on the graduated 
circle of the wheel. To use this 
apparatus, the Ifraunhofer lines 
must be viewed by sending bright 
daylight through the spectro- 
scope, and the positions of the 
principal lines carefully measured, 
the i-eading on the micrometer- 
wheel being noted down. A 
specti um map may then be drawn 
on cardboard, on a scale of eijual 
})arts, and the lines marked on it, as shown in the upper half of 
fig. 272. The lower half of the same figure shows an absorption 
spectrum, with its bands at certain distances from the Fraunhofer 
lines. The cardboard spectrum map, when once diawn, should be 
kept for reference.^ 

A beginner with the micro-spectroscope should first hold it uj) to 
the sky on a clear day, without the intei*vention of the microscope, 

1 Mr. Swift has devised an improved micro- spectroscope, in which the micro- 
metric apparatus is combined with the ordinary spectroscopic eye-piece, and two 
spectra can be brought into the field at once. Other improvements devised by 
l)r. Sorby and a new form devised by Mr. F. H. Ward have been carried into’ 
execution by Mr. Hilger. (See Journ. of Boy. Microsc. Soc. vol. i. 1878, p. 826, 
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and note the effects of opening and closing the slit by rotating the 
screw, 0 (fig. 269) ; the lines can only be well seen when the slit is 
I’educed to a naiTow opening. The screw H diminishes the length 
of the slit, and causes the spectrum to be seen as a broad or a narrow 
ribbon. The screw E (or in some patterns two small sliding knobs) 
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Fig. ‘27‘2. — Upper half, map of solar spectrum, showing Fraunhofer lines. Lower 
half, absorption spectrum, showing position of bands in relation to lines. 



regulates the cpiantity of light admitted thi'ough the square aperture 
seen between the points of the springs, I) I). Water tinged with 
port wine, madder, and blood are good fluids with which to com- 
mence this study of absorption bands. ^ As each colour varies in 
refrangibility, the focus must be adjusted by the screw B, fig. 269, 

according to the part of the 
sjjectrurn that is examined. 
When it is desired to see the 
spectrum of an exceedingly 
minute object, or of a small 
]>ortion only of a larger one, 
the prisms are to be re- 
moved by withdrawing the 
tul)e containing them ; the 
slit should then be opened 
wide, and the object, or part 
of it, brought into the centre 
of the field ; the vertical and 
horizontal slits can then be 
})artly shut so as to enclose 
it ; and if the pi*isms ai’e 
then replaced and a suitaldo 
objective employed, the re- 
quired spectrum will be seen, 
unafrGct(‘d by adj:i(*(*nt ob- 
jects. For ordinary o])S(*rva- 
tions obj(‘cti\ es of from two 
inches to ^-inch focus will bo found most suitabl(‘ ; l)ut for very 
minute quantities of* in:»t(‘rial a higdier po\v(*r niiist lx* employed. 
Even a single red blood-corpuscle may be mad(' to show tlie 


‘ A series of specimens, in small tubes, for the stiuly ol ion spociin, is 

kept on sale by Mr. Browning : ujkI lln* directions given in liis Ilow to work with 
the Micro-spectroscojjf sin, n Id In- (•ar<-tnlly attended to. 
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charjicteristic absorption bands rej)resented (after Piofessor Stokes) 
in ti^. 27'^^ 

For the study of coloured liquids in test-tnhes or rnudl cells ^ the 
binocular spectrum microscope, described by l)i*. Sorl)\ in the ‘Pro- 
ceedings of the Royal Society/ No. 92, 1867, ]>. .‘k'k is extremely 
(!oiivenient. 

llte spectral ocular by Zeiss is another ami a very perfect form of 
the micro-spectroscojye. This is an opinion expressed by Dr. Sorby 
and other experts, and it is manifest in the character of the in- 
strument. Fig. 274 represents a sectional view of the instrunuait. 
It will be seen that the lower part is an ordinary eye-piece with its 
two lenses, but in place of the ordinary diaphragm there is a slit 
adjustable in length and breadth, shown in fig. 275. Hystud\ing 
this figure the method of adjustment with two screws, F :md IJ, 
and the projecting lever, which carries a reflecting prism, can be 




Fi(.. 274. Fig. 275. 

readily understood. The upper part of the instrument swings 
about the pivot, K, so that by opening the slit the eye-piece can be 
used for focussing an object, the slit being the diaphragm. The 
u})per portion contains the prisms, and also a scale in the tube, N, 
which is illuminated by the mirror, U. 11 »o image of the scale is 
reflected from the upper surface of the l.a^i prism to the eye, and 
when properly adjusted givtrs the wav(‘ Icngt li of the light in any 
part of the spectrum. Tlaa-c w aUo .i -opphMnciit.arv stage, not 
shown in the figui*e, u])on which a .specimen can be ])laced. .and its 
light thrown u]) through tin* slit hy reflection trom tlu^ ])rism on the 
lever shown in fig. 274, alongside of the light friau the object on the 
stage of the microvscope, thus enabling the sjx'ctra from the two 
sources to be diiaa'tly compared. 

' For fuvllu'i niloniiation on ‘ The Spectrum Method of Detecting Blood,’ see an 
important paper by Dr. Sorby in Monthly Mtciosr vol vi ]S7], ]> a. 
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The Method of using the Micro-spectroscope. — The objects to \w 
investigated are of two sorts, li<[iu(l and solid. Colouring substances, 
jiS cbloropbyll. the colouring matter of Imir, blood, Ac., will fre- 
quently conic under micro-spectroscopic invest igat ion in the form of 
a solution. In ginuM'al ucimI scarcely say anything concerniug 
the pie[)arat ion ot* the solution. In i-efereuce to tlu‘ cblojopbyll of 
tlie ])iianerogains (‘sj^^ciallN . t, be particular paib of the plant from 
which the prejiaiat ion i^ to he made, as. for instance, the foliage 
leaves, is put for a short time in boiling water, then quickly dried 
by means of bibulous paj>er, and then immersed for a longer time in 
absolute alcohol, ethei*, or benzole in a dark place, for the puiq^ose 
of extracting the (‘hlorophyll colouring matter. The concentration 
of the solution thus produced, which intiuences the intensity of the 
absorption s]jecti uin and the number and length of the absorption 
bands, depends naturally upon the time dining which the material is 
in the extracting medium, as well as on the quantity of the material. 

Commonly also a solution of less concentration will give the same 
intensity of sjjectrum if a sufiiciently thick layer of it be used. The 
solution can generally be examined in an ordinary test-tube. The 
test-tube is filled and c*arefully coi’ked, and then laid on the stage of 
the microscope or held before the opening of the comparison prism, 
as the ease may be. For the latter purpose (bringing liquids before 
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the opening of the comparison prism) a smalj open trough of glass, 
with two parallel glass plates, is very useful. For exact investiga- 
tions, however, the trough-fiask is preferable. It is a. flask whose 
two sides, back and front, are parallel, furnished with a cai’efully 
fitted giound-glass stopper. It should be filled quite full of the 
solution and then laid with its bi'oad side on the stage. It is 
especially indispensable when we wish to study the combination 
S2)ectrum of two solutions. In that case two flasks are filled each 
with a different solution, and both laid upon the stage, one upon 
the other. For the purpose of examining small quantities of 
any liquid, a sufiicient (le])th being obtained with very little 
material, vertical glass tubes. .Mttacla'd to lioiazontal plates are used, 
as proposed by Mr. Sorby and shown in fig. 276. The narrow tubes 
ai-e made of various lengths from sections of barometer tubing, in 
order to present different thicknesM's of the contained fluid, the 
broad tube being higher on one siih* than the other, and thus con- 
stituting a Avedge-shaped cell, which, when filled and cIommI by a 
thin coA'(‘r-glass, will present a vai-Miig thickness of Ibiid for st udy 
and couqia rison. If the object to be inx es(,igai (‘d is not, a solution, 
but a [ireparation of the kind whicli we eomiiionly employ in micro- 
scopic inquiries, we must first of all In ing it into the Ahmis of the 
objective system. To do this \\n must first remoA^e the tube bearing 
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tlio ])ris\us, opt'ii ihv ^lit somewhat, and use the ap])aratus as a 
.siinpUi oculnr. J t* one has to deal with a small ()])jeet wliieli does 
not entirely till the slit, but allows rays of liyhi to (‘oim* in past, 
it and disturb the spectrum, h(» should tiii ii tlu^ (comparison prism 
so as to shut, up some of th{‘ slit, without, however, letting in the 
light upon it, and then bring the object up near to it, and from the 
other side push up the shortening apparatus as close* as is necessary. 
On the other hand, should the object consist of a number of single 
minute grains, which would cause to be elrawn across the spectrum, 
in the direction of its length, perpendicular to the Fraunhofer lines, 
a like number of dark lines, 

one must adjust the micro- g 

scope so that the object will I 

be little out of focus, some- I 

what above or below the true 1 

focus. In this way we shall 
get a uniform spectrum. The 
spectrum can also be improved 
in some other cijises by like- 
wise throwing the object 
somewhat out of focus. 

Illumination by Reflec 
tion. — Objects of almost (‘very 
descriptiem will re(pur(‘ at 
times to be examined and 
studied by what is called re- 
flected light ; the light in 
this case is thrown down upon 
the objec't by various d(*\ices, 
and is reflected upwards 
through the objective. This 
has been (‘ailed ‘ opacpie illu- 
mination,’ which, however, 
is not a comprehensive, nor 
even an accurate designation. 

Only a small ])ro])ortion of 
tin* ob)(‘cis examined in this 
wa\' ar(‘ o])a(pie ; the saim* 
diatom, for example, ma\ 
often with advantage be ex- Fm. 277. — The English form of bull’s-eyo. 
amined with transmitted 

light, being transparent, and again by means of an illumination 
thrown u})on, and reth^cted np iVom, its surface: also a condenser 
with a (‘(‘iitral slop, a\ hen used for a dark gioiind. shows objects l)y 
reflected light, but it is mandestly not ‘ojKapu' illumination.' The 
designation of this im'thod ot' illumination is conse(_|uen1 ly inort* 
accommodating than accurate' 

There are two \(‘r\ simple means of olitaining this supm’licial 
illumination wlaai low ])ow(‘rs ar(‘ (‘luployed. Tlu* fust is tlu' 
‘bull’s-eye’ (which is nowh(*i(‘ in this work c.ilh'd a ' cond(‘ns(M . 
this would, as it often has done, lead to confusion ; it is tuiough to 
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designate it as we have done). It is a plano-convex lens of short 
focus, two or thi ee inches in diameter, mounted upon a separate 
stand in such a inanner as to permit of its being placed in a great 
variety of positions. The mounting shown in fig. 277 is the usual 
adopted in England ; the frame which cai-ries the lens is borne 
at the bottom upon a swivel joint, which allows it to be turned in 
any azimuth ; whilst it may be inclined at any angle to the liorizon, 
by the revolution of the horizontal tube to which it is attached, 
around the other horizontal tube which projects from the stem. By 
the sliding of one of these tubes within the other, again, the hori- 
zontal arm may be lengthened or shortened; the lens may be 
secui-ed in any position (as its weight is apt to drag it down when 


it is inclined, unless the tubes be made to work, the one into the 
other, moi*e stiffly than is convenient) by means of a tightening 
collar milled at its edges ; and finally the horizontal aim is 
attached to a spring socket which slides up and down upon a vertical 
stem . 

A good form of the bull’s-eye is made by Leitz, and is illustiated 
fig. 277a. All the required movements are provided for, l)ut in a 
different way ; the clanijtiiig sci-ews ai-(' l>y means of usual milh'd 
heads. 

The plane side of the bull’s-(‘ye slionhl lx* turned towards the 
object. Some microscoj)ists like to have their buirs-eye attaclied to 
some part of the microscope ; but if this is done, care must ]>e taken 
to attach it to a fixed part of the microscope, and not to either the 
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mechanical stage or to the body, as is so often done. If it is fixed 
to the mechanical stage, when the object is moved the light will 
require to be readjusted, to stiy nothing of the probable injury to 
the stage by the weight of the bull’s-eye. If it is fixed to the 
body the light will be displaced when the focus of the objective is 
altered. Hence the bidl’s-eye should either have a weighted separate 
stand, or be attached to the stand oi* holdei* of the lamp oi* other 
illuminant. 

The optical effect of such a bull’s-eye differs according to the 
side of it turned towards the light and the condition of the rays 
which fall upon it. The position of hast spheriatl aberration is when 
its convex side is turned towards parallel or towards the least diverging 
rays ; consequently, when used by daylight, its pla'oe side should be 
turned towards the object^ and the same position should be given to it 
when it is used for procuring converging rays from a lamp, this being 
placed four or five times farther off on one side than the object is on 
the other. But it may also be employed foi* the pui'pose of reducing 
the diverging rays of the lamp to pai*allelism, foi* use either with the 
paraboloid, or with the parabolic speculum to be presently described ; 
and the plam side is then to be turned towai’ds the lamp, which must 
be placed at such a distance from the bull’s-eye that the rays which 
have passed thi’ongh the latter shall foian an inverted image of 
the lamp flame on the wall or a distant screen. For viewing minute 
objects under high powers, a smaller lens may be used to obtain a 
further coiicenti’ation of the rays already brought into convei’gence 
by the bull’s-eye. An ingenious and effective mode of using the 
bull’s-eye for the illumination of very minute objects under higher- 
power objectives has been devised by Mr. James Smith. The micro- 
scope being in position for observation, the lamp should be placed 
eithei* in the front or at the side (as most convenient), so that its 
flame, turned edgeways to the stage, should be at a somewhat lower 
levels and at a distance of about three inc^hes. The bull’s-eye should 
be plac^ed between the stage and the lain}), with its plane surface 
u})})ermost, and with its convex surface a little above the stage. 
The light entering its convex sui-face near the mai*gin turned towards 
the lamp falls on its plane surface at an angle so oblique as to be 
almost totally reflected towai-ds the opposite mai*gin of the convex 
surface, by which it is condensed on to the object on the stage, on 
which it should cast a shai’}i and brilliant wedge of light. The ad- 
justment is best made by first })lacing a sli}) of white cai*d on the 
stage, and, when this is well illuminated, substituting the object 
slide foi* it, making the final adjustment while the object is being 
viewed under the microscope. No difficulty is . experienced in 
getting good results with powers of from 200 to 300 diameters, but 
higher powers i*equire careful manipulation and yield but dovibtful 
results. 

The second simple method of securing this illumination is to have 
the concave mirror of the microscope capable of being used above 
the stage, ^ so that the source of light may by its means be focussed 
on the object. Neither of these plans will answer for other than low 
^ See Joiirn, Hoy. Microsc. Soc. vol. iii. 1H80, p. 398. 
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powers, whei'e there is plenty of room for the light to pass between 
the objective and the object. Tbe ingenious use of the bull’s-eye 
employed by Mr. James Smith, as detailed above, increases the possi- 
bility of magnification, but it needs practice and care. With the 
great improvement which has been effected in objectives and con- 
densers the need of a bull’s-eye which should give the minimum of 
aberration has become a desideratum ; and Mr. Nelson has calculated 
and had constiaicted a doublet bidl’s-eye which gives a<lmirable 
results. There a.i*e described in most treatises on optics doublets 
devised by Herschel which are said to be of ‘ no aberi-atioji.’ Mr. 
Nelson has shown (‘ Journ. Q. M. 8.,’ vol. vi, ser. ii. p. 197, 1890) 
that they ai*e b}^ no means free from spheilcal abei'ration, and that 
their forms are such as will not even yiehl a minimum amount of 
such aberration ; also that there is a numerical error in the focal 
length of the high-power doublet. He has computed that the spheri- 


cal aberration in the Herschel doublets amounts, to — ‘290 


y^ 


and 


he gives the following formula for a combination, the s])herical 
aberration of which is — *207^^ ; or 80 per cent, less than in either of 


those proposed by Sir John Herschel. 

Boro-silicate glass, Jena catalogue No. 5 ; ^ = 1-51 . 


C\X 

1st lens crossed, r= + 2*859 ] 

.9= — 15-078) ‘ 

2nd lens meniscus, r=: -f 1‘280) , , o 

. •> r diameter I ‘8. 

5=+ 8 ‘484 


diameter 2* 


Distance between the lenses ‘05, ecpii valent focus 2'0, working 
distance or hack focus 1‘55, total aberration — '1085, clear aperture 
2'0, angle 62°. The second (lauss point of the combination is close 
to the posterior surface of the ci'ossed lens. 

As there are some microscopists who might require a combina- 
tion of this kind, but with a- diflerent focal length, and who arti 
unable to transpose the foi*m\da, the following rule may be of use. 
Halve all the radii and diameters and multiply the results by the focal 
length that is required. Example . — Required a doublet on this 
formula with 8^- inches of equivalent focus. Halving the <lata for 
the crossed lens in the given formula, we have r=-l-l‘1795, 
— 7*539, diameter 1‘05; multiplying these results by 3i we 
obtain r=-f4*128, s= — 26*886, <liameter 8*7. Treat the meniscus 
in the same way ; the lens distance may with advantage be kept 
*05. 


The following bull’s-eye is not so expensive to manufacture, and 
may on that account be preferred to the doublet of minimum aber- 
ration just described. Its form, though of minimum aberration for 
two plano-convex lenses, possesses 43 per cent, more aberration than 
the former. It will on this account not be possible to obtain such 
an even and unbroken disc of light with this form of bull’s-eye as 
with the othei*. The data ai*e as follows. 
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(ilass, boro-silicate, the same as before. 

Radn »’ = + 2'721 

s =oo ) ’ 

r'= + l-631i. , .. 

, Ulmmeter I V). 

S =oo ) 

Distance of lenses apart *05, ecpiivalent focus 2 0, working dis- 
tance 1 '50, angle 60°. 

It is illustrated in a mounted form in fig. 278. Combinations 
having different foci may be constructed in the same manner as in 
the example above. 

An illuminator not so well known, or at least so much used, as 
its merits justified, is Powell and Lealand’s small bull’s-eye of | inch 
focus, which slides into an adapter fixed into the sub-stage, and 
susceptible of its rack motion up and down. The object is placed 
on a super-stage, and lies considerably above, but parallel with, the 
ordinary stage. The bulFs-eye, capable thus of 
being raised or lowered, and of being moved by 
sliding away from or close to the mounted object, 
has its plane side placed against the edge, and at 
right angles to the plane of the slip. By this 
means illumination of great oblicpiity can be 
obtained, and very surprising effects secured even 
with high powers. It was much used by the Editor 
and Dr. Drysdale in theii* earlier work on the 
saprophytic oi*g<anisms, and, iii the days before 
homogeneous lenses, helped us over many diffi- 
culties of detail. It was the first illuminatoi* to 
actually i*esolve the Amphipleiira pellucida. It 
(iould be very easily obtained with a student’s Pui. 278.— Bull’s-eye 
microscope provided with Nelson’s open stege,^ for Koodhutnotthe 
on this the bull’s-eye could be placed against the yfg’ea 
edge of the slip without any special apparatus or son. 
fitting. 

Another and popular method of ‘ opaque illumination ’ is by 
means of a specdalised form of mii-ror, generally of polished silver, 
called a side reflector, and fixed, as in the (*ase of the bull’s-eye, and 
for the same reasons, to an immovable pai*t of the microscope. 

The manner of employing this reflector, as pi*ovided with Powell 
and Lealand’s best stand, is seen in Plate III. The arm of the 
side reflectoi' is fixed to an immovable pai*t of the stand, and is thus 
unaffected by the racking up or down of the body. The lamp placed 
on the right of the observer is set at such a height that its beiims 
fall full upon the reflector; this, by means of a ball-and-socket 
joint, can be easily manipulated until the full image of the flame is 
caused to fixll \ipon the object. For the same purpose a parabolic 
specidnm is commonly employed, mounted either on the objective, 
as in Beck’s form, fig. 279, or on an adapter, as in Crouch’s, shown 
in fig. 280, where a collar is interposed between the lower end of 
the body of the microscope and the objective seen at A. This is not 

1 Fig. 134. 





334 


ACCESSORY APPARATUS 


a coinmendahle j>lan^ for it increfises tlio distance between the ob- 
jective and the Wenham binocular pi-isiu ; and as the binocular is 
specially suited foi* the kind of object usually examined with this 
speculum, this increased distance, acting detrimentally on the be- 
haviour of the binocular prisms, and causing the available racking 
distance for the focus of objectives of very low power to be shortened 
hy the width of such collar, is to be avoided. 

The best plan without doubt is to attach the speculum to a fixed 



])art of the stand, as is done in the Powell and Lealaiid, the Ross, 
and the Beck stands. 

A rtioclijication oj tJte parabolic reflector was devised hy Dr, Sorhy,, 
and has proved to be very useful in certain investigations, such as 
the microscopic structure of metals. It consists of a parabolic 
I’eflector, in the centre of which, in a semi-cylindrical tube open in 
fi’ont, is placed a small plane reflector which covers half of the 
objective, and thi'ows the light directly down upon the object and 

back through the other half. It is 
sliown in fig. 281 with the cylinder in 
place, and in the dotted lines with the 
same turned out. This ai’rangement 
allows of two kinds of illumination, 
oblique and direct, being readily used, 
as the |)lane reflector is attacheii to an 
arm so that it can l)e swung out of the 
way when not requii od, as shown in the figure. 

Dr. Sorin' was able to get results in the examination of polished 
sections of steel not otherwise attainable. 

Xo opa<pi(* illumination, howtner. has y<‘t sin*[)assed the venerable 
Lieberkiilm ; tiie best experts freely admit that the finest critical 
iinag(*s to be obtained by this method of illumination are secured 
bv th(‘ Lieberkiilm. This mode of illuminating opaque objects is 
by means of a small concave speculum reflecting directly down upon 
them to a fixais the light reflected up to it from the mirror ; it was 



Fkj. 281. — Sorby’s modification of 
the parabolic reflector. 
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formerly much in use, but is now (jomparatively seldom emplo} ed. 
This concave speculum, termed a ‘ Lieberkiilin,’ from the celebrated 
mi(;roscopist who invented it, is made to fit upon tlu^ end of the 
objective, having a perfoiution in its centre for the j)as.sage of the 
rays from the object to the lens ; and in oi*der that it may leceive 
its light from a mirror l)eneath (fig. 282, A), the object must be so 
mounted as only to stop out the central portion of the rays that ai*e 
i*eflected upwards. The curvatui*e of the speculum is so adapted to 
the focus of the objective that, when the latter is duly adjusted, the 
l ays reflected up to it from the mirror shall be made to converge 
sti'ongly upon the pai*t of the object that is in focus ; a sepai*ate 
speculum is consequently required for eveiy objective. 

It has two manifest drawbacks : the first one, that of requiring a 
sejmrate Lieherhuhn for each objective^ is a difficulty which in the 
nature of things cannot be overcome. The radius of the Lieberkiihn 


A B 



Fkj. 282. 


must .‘dter with tlu' focus of the objective employed, nnd eacli Nhould 
have a certain amount of play on the objective to allow for .slight 
alterations of focus ; for if we employ parallel l ays it i.v o))viouv that 
the Lieberkiihn will focus nearer to the obj(*ct than if dneigeiit 
rays are used. This is nu‘t bv an allowance being made to com- 
pensate it on the tube which .slides the Lieberkiilin on to the noh(‘ 
of the objective. 

The second drawback has reference to the special a'aif in n'hieh 
objects have to be mounted in order to besiiital)h‘ for tie* la\‘l)(ukuhn 
This could be easily avoided if profes.sioual and other mounters 
would attend to the following simple .Nugge.-t lou.s ; — 

1. Slides should mner b(‘ cjwert'd with papei . it iN without u.^e, 
and fails as an ornaim'ut : and opaipu' glas.s .^lip.s .should b(‘ (uitindy 
avoided. 

2. The ring of cement should not bt‘ made of gi eater width than 
is necessary for .si'eurity. 
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A stop of paper or varnish should nevei* be placed behind an 

object. 

Let every opaque mount he also a transparent one, since it is 
often most useful to examine an opaque objecit afterwards by tians- 
mitted light. The stop should always be a separate one ; this may 
be a disc on a pin held in the sub-stage, oi*, what is still sinq)lei‘, a 
piece of moderately thick ‘ cover’ glass, cut to the 3x1 inch size, 
or rather shoi-tei*, should have a small disc of Bi’unswick bla(;k put 
on it centrally on the ‘ turn-table,’ ^ and this may be placed under 
the slide when the Lieberkuhn is to be used. There may be two or 
thi-ee such slips with stops of different sizes ; in this way every 
mount may be examined either with the Lieberkiihn or by dii*ectly 
transmitted light, and of course by having a larger stop the saim^ 
object may be examined by any kind of reflected light. Many a 
valuable preparation has been spoiled by jdacang a stop on it which 
cannot be removed. 

4. It would be a most appreciable benefit to the cause of micro- 
scopy, as we have already hinted, if a uniform gauge of thickness of 
slip and diametei* of cover-glass were adopted. For the thickness 
of the slip, the v^^th of an inch would prove most suitable, and for 
the diameter of the cover-glass ^ ^>1’ inch, would be most c*on- 
venient, and if the thickness of the cover-glass were uniforndy from 
*006 to *008 the gain would be still greatei*. Certainly no mount 
ought to be finished without the thickness of the cover-glass being 
marked in diamond point u})on it, and a narrow ring of shellac 
(*ement should be put round every covei’-glass where thei*e is even a 
probability that a homogeneous lens will be admissible in examining 
the object mounted. 

Very minute (;over-glasses — such as those ,'^ths of an inch in 
^liameter — ai’e to be wholly condemned. They do not allow the 
conditions required by modern inicrosco])y, being adverse to the 
employment of oil-immersion lenses in anything like the most 
efficient way. 

Lieberkiihns can be used with objectives as high as ^ of an inch 
focus of *77 N.A. Foi* higher powers than this a j)erfectly Hat 
speculum may replace the conical form, being illuminated by a 
condenser with a stop, and racked up well within its focus. The 
oblique annular ring of light falls on the flat specndum, and is then 
i-eflected on the object. 

The light suitable for illumination by Lieberkiihn may be either 
the flat of the lamp flame, reflected by the plane mirror, or the edge 
of the flame, the rays being rendered parallel by a bull’s-eye, and 
reflected from the plane mirror to the Lieberkiihn. 

There is one other kind of reflected illumination em- 
ployed, produced by the vertical illuminator, whicffi, although it 
has been in use for some years, has received an jmcession of value 
from the employment of immersion lenses. The earliest device for 
ac^complishing this was invented by Professor H. L. Smith, of 
(Jeneva, U.S.A. 

The principle of this illuminator is to employ the objective as 

‘ Chapter vii. 
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its own illuminator; wliich Professor Smitli did l)v inmii.'- of ;i 
speculum. A pencil of light was .idmitlrd iiom a lateral aperture 
above the objective and then reflected downwards upon the object 
through the lenses by means of a small silvered speculum placed on 
one side of its axis. 

Messrs. R. and J. Be(;k, in place of a speculum, employ 
a disc of cover-glass. The cover-glass is mounted on a pin, B, 
lig. 284, in order that it may he rotated, and ohlitpie light obtained 
by the milled head,_/’. A, fig. 284. 

Powell and Lealand’s method is to fix a piece of glass, v)orked 
fiat, at an angle of 45° to the optic axis, with a rotating diaphragm 
in front of the aperture admitting the light. 




B 



Fig. 284 . 


To use these, instruments the edge of the lain]) flame should l^e 
placed in front of the relb'cha*. so that the rays may lx* i elhM*t(Ml on 
to the hack lens of the objective in a line paiallid to the o]>tie axis. 
The distance from the lamp to the reflector must exactly ( (jii.d the 
distance from the reflector to the diaphragm of the eye-piece in a 
positive eye-piece, or the eye-kms of a negative eye-piece, otherwise 
the rays wdll not be focussed on the object 

'Idiis illumination is only siiitahh' for objects moinit(‘d dry ou tlie 
covei*, and with immersion lenses. No good result wa-- e\er obtained 
until the immersion lenses w^ere brought into use. hut it is now 
largely used in the examination of metals. The microscope adaptcxl 
to its employment is shown in fig. 207. 

Of all the light which is causiMl to ) kiss out of the front Imis of 
the objective, through the oil and into tlu‘ cover glass, tliat winch 
has an obliquity less than tlu“ ci it ical angle for glass (41°) jiasses 
through the cover and object and is lost ; but all the light which is 
of obliquity than the critical angle for glass is totally reflected 
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from the ttiider surface of the cover-ylass, and comes back through 
the oil and the objective to the eye-piece and the eye ; they are, in 
fact, all optically continuous, so that tiie uppei' surface of the cover- 
glass has ceased to exist optically, the only reflexion being from its 
inner surface. It is here, tlierefore, that the oil -immersion system 
gives a new value to this illuminator, by this means enabling it to 
utilise a larger aperture otherwise unavailing. 

Wlien this illumination is employed, if the eye-piece be removed 
and the back of the objective be examined, it will be seen that all 
that portion of the back of the objective whose aperture exceeds Id) 
is brilliantly illuminated . This anmdus represents, and is produced by, 
the excess of aperture beyond the equivalent air angle of 180°, of 
which it is also a measui*e. The internal dark space is of the exact 
diameter of that of a dry objective of the same focus, and is the 
maximum space which it can itself utilise on a dry object by trans- 
mitted light. 

By means of this instrument carefully used, some difficult tests 
and lined objects have been resolved ; but its principal use at the 
present day is for the examination of metals, and it is eminently 
serviceable in determining whether any di‘}'-monnted object is in 
optical contact with the cover-glass or not. If it be not so it is in- 
visible with the vertical illuminator. So also it is instructive to 
examine the backs of objectives of v^arious apertures with this mode 
of illumination. A dry objectiv’e will be wholly without the bright 
annulus, while an immersion of 1*1 N.A. will have a narrow annul us,, 
and that of 1*4 or 1*5 a broad and still broader one. In this way, 
by practice, a fair approximation to the aperture of an objective ma}’ 
be obtained. 

It is not the absolute size of the annulus, but the relation of the 
size of the annulus to that of the whole back, that must be estimated. 
Thus ^th of N.A. 1*2 will have as broad an annulus as yV^h of 
1*4 N.A., but the diameter of the back of the ^th is, of course, much 
larger than that of the iV^h, and this involves the necessity for a 
relative comparison. 

Appliances for the Practical Study of Living and other Objects 
with the Microscope. — l^taye-forceps and Vice . — For bringing under 
the object-glass in different j)ositions such small opaque objects as 
can be conveniently held in a pair of forceps, the staye-forceps (fig. 
285) supplied with most microscopes provide a ready means. These 
are mounted by means of a joint upon a pin which fits into a hole 
either in the corner of the stage itself or in the object-platform ; the 
object is inserted by pressing the pin that projects from one of the 
blades, whereby it is separated from the other ; and the blades close 
again by their own elasticity, so as to retain the object when the 
pressure is withdrawn. By sliding the wire stem which bears the 
forceps through its socket, and by moving that socket vertically 
upon its joint, and the joint horizontally upon the pin, the object 
may be brought into the field precisely in the position required ; 
and it may be turned round and round, so that all sides of it 
may be examined, by simply giving a twisting movement to the 
wire stem. The other extremity of the stem often bears a small 
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socket.^ The supporting plate being perforated by a large aperture, 
the object may be illuminated by the Lieberkiihn if desired. The discs 
are insex'ted into the holder, or are removed from it, by a pair of 
forceps constructed for the purpose ; and they may be safely put 
away by inserting their stems into a plate perforated with holes. 
Several such plates, with intervening guards to prevent them from 
coming into too close apposition, may be packed into a small box. 
To the value of this little piece of appai-atus the Author can beai* 
the strongest testimony fi-om his own experience, having found his 
study of tJie Forammifera grejitly facilitated by it. 

Glass Stage-plate. — Every microscope should be furnished with 
a piece of plate glass, about 3^ in. by 2 in., to one margin of which a 
nari’ow stiip of glass is cemented, so as to form a ledge. This is 
extremely useful, both for laying objects upon (the ledge preventing 
them — together with their cr)vers, if used — from sliding down when 
the microscope is inclined), and for preserving the stage from injury 
by the spilling of sea- water or other saline or corrosive liquids when 
such are in use. Such a plate not only serves for the examination 
•of transparent, but also of opaque objects; for if the condensing 
lens is so adju.sted as to throw a side light upon an object laid upon 
it, either the diaphragm plate or a slip of black paper will aftbrd a 
dark background ; whilst objects mounted on the small black discs 
suitable to the Lieberkiihn may conveniently rest on it, instead of 
being lield in the stage-forceps. 

Growing Slides and Stages. — A number of contrivances have been 
devised of late years for the purpose of watching the life histories of 



minute aquatic organisms, and of ^ cultivating ’ such as develop and 
multiply themselves in particular fluids. One of the simplest and 
most efiective, that of Mr. Botterill, represented in fig. 290, consists 
of a slip of ebonite, three inches by one, with a central aperture of 
three-fourths of an inch at its iiiidei* side ; this aperture is reduced 
by a projecting shoulder, whereon is cemented a disc of thin glass, 
wliicli tlms tonus the bottom of a cell hollowed in the thickness of 
the ebonite slide. On each side of this central cell a small lateral cell 
communicating with it, and about a fourth of an inch in diameter, is 
drilled out to the sjime depth ; this .serves for the reception of a supply 

^ A small pair of forceps adapted to take up minute objects may be fitted into 
the cylindrical holder in place of a disc. 
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of water or other fluid, uliicli is iui|).‘irt<‘(l, :is r(*(]uii(Ml, to the eeuitral 
‘ growiiifif’ (^ell, which is completed by placing a thin glass cover over 
the objects introduced into it, with the interposition of a ring of thin 
paper, or (if a greater thiekiu'ss 1)t‘ recpiired) of a ring of cardboard 
or vulcanite. If the fluid 1 m‘ iot rcxhiced into one of the lateral cells, 


and be drawn off from the others — either by the use, from tine* to 
time, of a small glass syringe, to he hereafter described, or I)}' 
tlireads so airanged as to pi-oduce a continuous diip into one and 
from the other — a constantly renewed supply is furnished to the 
central cell, which it enters on one side and leaves on the other, 
by capilLii*y attraction. 

Dr. Le^oi^ s and Dr. Maddox s (jronnmj slides iwe shown in figs. 291 
and 292. Two semicii‘cles of asphalte varnish are brushed on the 
slide, one being rather larger than the other, so that the ends of one 
half-circle may over- 
lap the other, but not 
so closely as not to 
permit the entrance 
and exit of air. Wlien 
nearly dry a minute 
quantity of growing 
fluid is placed in the 
centre, upon which 
a, few spores are Ficr. 291. 

sown, a cover-glass 

being placed over it, which adlieres to the semi-dried varnish. The 
slide should be placed under a bell-glass, kept damp by b(dng lined 



with moist blotting-paper. 

Dr. Maddox^ s growing slide will be understood from the annexed 
sketch, fig. 292. The shaded parts are pieces of tinfoil fastened with 

shellac glue to a glass slide. The 7 

minute fungi or spores to be ( / 

grown are placed on a glass cover ) \ 

large enough to cover the tinfoil, ^ I |j i l|| ^ 

with a droplet of the fluid re- \ Iji |j| S jHi \ 

quired. This, after examination ( ||| i I ||| ( 

to see that no extrai\eous matter ^ HI |H ( 

tinfoil, and the edges fastened ^ X X 

with wax softened with oil, leav- 292. --Maddox’s growing stage. 


ing free the spaces, X X, for 

entrance of air. Growing slidtvs of this description could Ik^ made 
(cheaply with thin glass instead of tinfoil. 

Dallinger ami Drysdale's Moist Stage for ( '(ndi (fhserva- 
tions . — It is needful in working out t]i(‘ life hi.storie.s of minute 


forms to be able to keep the organisms lu a normal and un 
disturbed condition for sometimes wt^eks at a tiiui' ; onl\ a small 
drop of fluid containing the organism can be under observatam, and 
this, without proper pi'ovision, i> coustantlx apoiating. lo 
prevent this, and still to emplo\ wa-y Idgli powers in prolonged 
study of a giv^en oi gani''m, is theobji'rt ot this de\ ice. It i^)n^ir^tsot 




342 


ACCESSORY APPARATUS 


a plain glass stage, fig. 293, a, a, so fitted as to slide on in the place 
of the ordinary sliding stage of a Powell and Lealand or Ross stand. 
It is thus susceptible of the mechanical motions common to those 
stiiges. Its foundation, fig. 293, w, a, is plate glass, about the tenth 
of an inch thick, in order to give it firmness. But this is too thick 
to work through with a condensei* and high powers, and therefoie a 



Fig. 21)3. — Ballinger and Drysdale’b moist continuous growing stage. 


circular aperture, h, is cut through it, and a thin jiiece of good gla.ss, 
c, d, c,/, is fixed over the under surface of it with Canada balsam ; 
this may be as thin as the condenser may require. At the end of 
the arm a, Avhich extends some distance beyond the stage to the 
right of the i-eader, but, when the ari*angement is set up on tlie 
microscope, to the left of the opei*atoi*, a brass socket with a ling 
attached is fixed with marine glue. It is marked in the drawing 
{/i 9' object of this ring is to hold a glass 

Lt If or 2 inches deep. It 
i the top, a, lieing slightly 
’, g, fig. 293, it is prevented 
rh. 

Let us suppose the stage 
to be in its position on the 
microscope, and the vessel, 
fig. 294, inserted in this 
manner into .(/, fig. 293. A 
piece of good new linen is 
now cut to the shape drawn 
in fig. 297, the part a being 
long enough to reach to the 
end of the glass stage, and then at h bent over, leaving the part in 
the vessel, fig. 294, which is inserted into fig. 293. Its position 
is indicated in fig. 293 by the dotted lines, A, A, A, &c. But before 
it is laid upon the stage a circular aperture, d, fig. 297, is cut out, 
which must be much lai'ger in diameter than the covering glass 
which it is intended to use. We therefore employ small covers. 
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The glass with the flap of linen in it is now filled with water, 
and the linen is wetted and wrung so as not to drip, and the whole 
is very soon, by capillary Jiction, constantly an<l evenly wet. A 
drop of the fluid to be examined must now be placed at fig. 293, 
and the covering glass, i, must be laid on. It will be seen that 
there is a broad, clear space between the covering glass and the linen. 
We now want to form a chamber into which the object-glass ciin be 
inserted, and which shall enclose a j)ortion of the constantly wet 
linen, and be to a very lai-ge extent air-tight. The consequence 
will be that the evaporation within the chamber will be always 
greater in quantity from the linen, on account of its continual 
renewal, than it can be from the film of fluid. 

Indeed, the moisture in the chamber is so great under favourable 
circumstances that it rather increases than allows a diminution of 
the film of fluid. The manner 
in which we effect this is 
simple. A piece of glass 
tubing, about 1 ^ inch in dia- 
meter, is cut to about | of an 
inch in length. At one end 
of this a piece of thin sheet 
caoutchouc is firmly stretched, 
and a small hole is made in 
its centre. Fig. 295 gives a 
drawing of it ; a is the piece 
of glass tubing, b is the -pm, ‘iao. 

stretched elastic film, which is 

securely tied on by means of a groove in the glass at fZ, and c is the 
aperture. The bottom edge, e, should be carefully ground. This is 
laid in the position in which it is looked at in the drawing, on the 
linen of the stage, the a})erture c being over the centre of the cover- 
ing glass. The object-glass is now racked down tliroiigh tJve small 
hole, c (tig. 295), and adjusted to focus. The caoutchouc should be 
thin enough to aftbrd no impediment to the action of the fine 
adjustment, when it will be seen that it clasps the object-glass by its 
elasticity at the apertuie ; and the gentle pressure forces the under 
edge of the chamber upon the linen, so that little or no air is 
admitted, while if the under edge of the chamber be (*arefully 
ground it will suffer the stage, linen and all, to move under it when 
the milled heads for working the mechanical stage are in action. 

A drawing of the apparatus in working order is given in perpen- 
dicular section at fig. 296. The parts a, a in this figure represent 
the glass stage corresponding to a, a, fig. 293 ; h in both figures 
stands for the round aperture in the thick ghiss ; 6, in fig. 296, cor- 
responds to the thin glass which covers this aperture, marked c, d, 
e, f in fig. 293 ; but in the form of this device now use<l by the 
Editor the thin glass floor is cemented to the bottom of the plate 
^lass, a, a, thus making a cell equal to the thickness of the whole 
stage. The linen is marked in dotted lines in both figures : 
fig, 296, represents the covering glass, i, in fig. 293 ; e, e, fig. 296, is 
the piece of glass tubing shown in fig. 295 ; f, f, fig. 296, is the 
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stretched caoutchouc seen at h in fig. 295, with the object-glass 
penetrating and tightly filling up the aperture c in the figui e, thus 
forming the moist chamber, cA, cA, by enclosing parts A, A, fig. 296, 
of the linen, which from the glass vessel to the left of the stage is 
by capillarity always renewing its moisture ; and with 6, fig. 296, 
sunk as a cell, by the athichment of tlie thin glass floor to the under 
side of the stage, as described above, this annular flap of linen over- 
hangs, but does not lie upon, the floor on which the drop of fluid 
with its living inhabihuits is placed. This is a gi*eat secuiity 
against accidental flooding. 

It will be seen that the microscope must be vertical ; but there 
is no inconvenience arising from this if it be placed on a sufficiently 
low support, and it will be found in practice that it may be worked 
for a long time without any other change in tlie arrangement than 
the screwing up or down of tlie fine adjustment. The difficulties in 
working are few, and c*an be best discovered and overcome in 
practice. 

Dr. DalUnger^s Thermostatic Stage for Continuous Observations 
at High Temperatures. — It frequently happens that, either for the pur- 
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pose of experiment or the study of special oiganisms, the student 
needs a similar continuous stage to tlie above, but one in which 
varying temperatures may be obtained and kept at any point static 
at the will of the operatoi*. This is very satisfactorily accomplished 
by the following device : l^he stage was made as described above, 
but it was made hollow and water-tight. The whole stage is seen 
in perspective in fig. 298. At A, a 6 are two grooved pieces of solid 
metal which permit the stage to slide on to the stage of an ordinaiy 
microscope, and partake of the mechanical movements effected by 
the milled heads ; B is a vessel for water with a thermometer a 
of sufficient delicacy for indicating the temperature ; 6 is a mer- 
(jurial regulator, carefully made, but of the usual pattern ; c brings 
the gas from the main ; d conveys as much of the gas as is allowed 
to escape from between the top of the mercury and the bottom 
of the gas delivery tube to the burner e. The regulation of this 
apparatus so as to obtain a static temperature, as is well known, is 
a matter of detail depending chiefly on the careful use of the mer- 
curial screw-plug f and the height and intensity of the burnei* e. 
A temperature quite as accurate as is needed for the purpose^ 
required can be obtained. 
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The stage A is |)1 mc(m 1 in ])Ositioii on flic instriinient, and two 
openings in this hollow sUige jit c d (A) ('(jiuiectoil with two 
similar openings in the water vessel, viz. <} h (11). T]i»‘ \\liol(* is 

carefully filled with water and raised to the re(pnr(‘d t(*ui}»(‘rature 
and regulated. 

The manner in which it accomplishes the end desired is ;is folhnvs : 
On the centre of the stage (A) will he seen a small cylindt r of glass ; 
this is ground at the end placed on the stage, and covered with a 
sort of drumhead of indiarubber at the upper end. By examining 
C with a lens it will be seen that a. cell is countersunk into the 
upper plate of the hollow stage at c", and a- thin plate of glass is 
cemented on to this. At e another <lisc of glass is cemented water- 
tight, so that a film of warm water circulates ])etween the uppei* and 



under surfaces of this glass aperture. A glass cup is placed in the 
jacketed rec(‘[)tacl(* f (A and ('), and this also is filled with water. 
A piece of linen is now laid on I be stage (A, </) with an aperture cut in 
its centre slightly less than the countersunk cell in which the glass 
disc e" is fix(‘d,and a flap from it is allowed to fall over into the glass 
vessel f (A and (J). Thus by aipillarity the water is carried constantly 
over the entire face of the linen. But the glass ( vlimlei- seen in A is 
made of a much larger aperture than the cell and the ojaming in the 
linen, and consequently a laige annulus of t lu‘ linen is enclosed w ithin 
the cylinder. The drop of fluid to beexamiiuMl is placed on the small 
circular glass plate, and covered with the thinnest glass, the dium- 
head cylinder is [)lac(Ml in [)osition, the point of a high-powei* lena 
is gently forced upon the top of the indiarubber thi-ongb a small 
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aperture, thus forcing the lower ground surface of the cylinder upon 
the linen, and making the space within the closed cylinder practi- 
cally air-tight, but still admitting of capillary action in the linen. 
Thus the enclosed air becomes saturated. 

By complete circulation the water in the vessel e (A) is but 
slightly below that within the jacket of the stoge, and thus the 
vapour as well as the sbige is near the sjxme thermal point. 

For the admission of illumination and for allowing the use of 
various illuminating apparatus, a lai‘ge bevelled apei’ture e (C) is 
made between the lower and upper plates of the stage jacket, which 
is found to supply all the accommodation needed. 

Thei’e are many other forms of hot stage having various special 
purposes, and some of general application ; a good account of these 
will be found in the ‘ Journal Roy. Micro. Soc.^ vol. vii. ser. ii. 
pp. 299-316 and in subsequent volumes. 

The Live-box and Compressors. — What is now so well known 
even to the tyro as the ‘ live-box ’ was originally devised by Tully, 
and it was afterwards improved by Varley, who, in the place of a 
level disc of glass for the floor, as well as the top of the ‘ box,’ 
bevelled a piece of thick glass and burnished it into the top of the 
tube, wheie it formed the floor of this ‘ animalcule cage ; ’ this 
prevented the draining ofl‘ of the watei* at the edge by capillai y 
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attraction. But in that form a condenser cannot be used successfully 
with it, and therefore a dark ground c.iniiot be employed. But as it 
is Rotiiera and Infusoria generally that constitute the raison cVdtre 
for this piece of apparatus, and as a dark gi’ound gives results of 
high value — to say nothing of their l)e;iuty — with these forms, it 
lost much of its value. 

Mr. Rousselet has overcome these tlifliculties by a device which 
is shown in fig. 299. 

In this the glass plate bevelled for the flooi* is somewhat reduced 
in diameter, but the outei’ l ing is enlarged sufficiently to allow any 
high power to focus to the very edge of this glass floor. An object 
lying anywhere ovei* the floor can be i*eached by the condenser from 
below, and by both high and low powers from above, and when well 
made it acts admirably as a compi-essor. A drop of water so small that 
a rotifer may be unable to swim out <»l the field of view of a ;J-inch 
objective can be readily arranged with it ; and a little practice 
enables the operator to employ it for many useful j)urposes in the 
study of ‘ pond life.’ 

The compressor or compressorium is a more elaborate device, 
somewhat of the same kind, but arranged to give the opcMator 
more accurate control over the amount of pressure to winch the 
object is subjected. Mr. Rousselet has constiucted one of very 
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efficient form; we illustrate it in fig. 300, ])nt on ;i reduced scale. 
The bevelled glass in this also is kept small, with respect to the 
size of the cover-glass, and it acts with i)erfectly parallel pi-essure 
between the two glasses, which in delicate work is of considerable 
importance. 

The cover-glass is held on an arm whi(*h scr ews down on a vertical 
post against a sprang ; as the screw is raised the spring raises the 
cover-glass, and by an ingenious spring catch it is ]cc]>t central with 
the glass-plate floor. This can nevertheless 1 )o i*el cased, aid the en ti re 
cover can be turned aside to put on a 
fresh object, clean, and so forth. It is 
simple, light, and, being parallel, can 
be used with the highest power-s. 

Messrs. Beck and Co. liave foi- 
many years made an admir able par allel 
compressor, but its weigiit and cost Pio. aOO.-Rousselet's compressor. 
wei‘e somewhat prohibitive of its use 

generally ; the firm have now overcome both difficulties by the intro- 
(luction of a irew form which is most rrsefid and fully accomplishes 
its work. 

This compr*essor was designed by Mr. H. II . Davis, and is 
specially intended for the examirration of living objects. It consists, 
as shown in fig. 301, of a lower ebonite plate A, which h.as a circrrlar 
hole in the centre, and which is r‘ecessed to r-eceive a circular brass 
ring B. This ring rests loosely irr the recess. On the recesse<l 
portion of this plate A is carr-ied an oblong thin glass which is 
held in position by two screws, one of which appears at C. Two 
end plates D D slide on to the plate A, and hold the ring B loosely 
in position, allowing it to be revolved Iry means of its milled flange, 
which projects at E. Within the ring B is screwed a brass disc F 
which carries the upper thin glass which is attached by the screws 



Fig. 301. — Beck’s new compressor. 


(1. Tlie screws G G and C, fitting into holes in the lower plate 
A and the disc F respectively, prevent the disc from revolving, and 
when the ring E is turned, the two thin glasses are moved towards 
or away from one another. 

The slides D I) and the ring B, together with the disc F. are 
removed for arranging tlie object on the lower cover-glass, and 
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when repla(‘(Ml Ky revolving the ring ut E, any desired amount of 
compression may he obtained. The object having been arranged, 
either side may be examined witli equal hicility, as the compressor 
is reversible. 

When a vei*y small object is to l)e examined a small circular 
cover-glass should be cemented with Canada balsam to the lower 
cover-glass, and the object is thus confined io ilu' ot‘ the field. 

The zoophyte trough is a larger live-box difi'erently constructed. 
The form that lias pioved one of the best up to our own day was 
introduced by Mr. Lister in 1834, and is well known. It is depicted 
in fig. 302, being formed of slips of glass, and has a loose horizontal 
plate of glass equal to the inside lengtii of the trough, so that it 
may be moved freely within it, also a, slip of glass that will lie on 
the bottom and fill it, with the exception of the thickness of this 
loose plate. To use it, the slip is put upon the bottom, the loose 
plate is placed in front of it with its bottom edge touching the 
inside of the front glass, a small ivory wedge is inserted between 
the front glass of the trough and the upper part of the loose vertical 

plate, which it serves to press 
backw'ards ; but this pressure 
is kept in check by a small 
strip of bent whalebone,^ 
which is placed between the 
\(‘rtic;d plate and the back 
glass of the trough. By 
moving the ivory wedge up 
and down, the amount of space 
left between the upper pai*t 
of the vertical plate and the 
front glass of the trough can 
be precisely regulated, and as 
t b ei r 1 o wer margi ns are always 
iu close apposition, it is evi- 
dent the one will incline to the other with a constant diminution 
of the distance between them from above downwards. An object 
dropped into this space will descend until it rests between the two 
surfaces of glass, and it can be phiced in a position of great conveni- 
ence for observation. 

By very little contrivance these troughs with their contents may 
be kept, when not under examination, in much larger aquaria, ob- 
taining the advantage of aeration ami coolness. 

Mr. Botterill devised a tiougb which is made of two plates of 
vulcanite or metal which screw together, and b(‘tween tfiem are two 
plates of glass, of’ the proper size, of anv dcsii i'd thickness, kept 
ay)a.rt l)y lialf a ling of vulcanised indiarui)ber, the whole being 
screwed tightly enough together by three milled heads to prevent 
l(‘akage. I>ut leakage or the fracture of glasses is not uncommon 
with this otlna wise convenient form. 

An excellent, though shallow, tmiigh was ma(h‘ bs' Mr. (k (J. 
Dunning, whicli we illustrate in fig. 30:). The lowca- [)lat(‘ or t rongh 

^ Watch-spring or otlier elastic metal should not be used, on account of oxidation. 
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proper is made of iu(‘t;d, .*> long by wide ;md al)()iit 

thick, with an oval or ()])l(nig |Ha‘foration in the centre, and tlie 
under side is recessed, as sliown in fig. 303, B. In tliis recess is fixed, 
by means of Canada balsam or shellac, a piece of stout covering glass, 
forming the bottom of the cell, the recess being sutHciently deep to 
prevent the thin glass bottom from coming into actual contact with 
the stage of the microscope oi* with the table when it is not in use. 
Two pieces are provided neai* the bottom edge of the cell : tlu' covei- 
(fig. 303, C) is formed of a pi(a-e of thin brass, lathei- sbortcr llian 
the trough, but about the same width ; it has an ojxming Ibi iiK'd in 
it to correspond with that in the trough, and undei- this ojx'uing is 
cemented a })iece of cover-glass. The cover-plate is notcluMl at the 
two bottom corners, and at the two top coiaiers are fornaMl a couple 
of projecting eai'S. In order to use this apparatus it must be laid 
flat upon the table, and filled (]uite full of water. The object to be 
examined is then 
placed in the cell, and 
may be pi operly ar- 
ranged therein ; the 
cover is then lowei*ed 
gently down, the two 
notches at the bottom 
edges being first 
placed against the 
pins; in this way the 
superfluous water will 
be did veil out, and the 
whole apparatus may 
be wi})ed dry. The 
capillaiy atti*action, 
assisted by the weight 
of the covei*, will be 
found sufficient to 
prevent any leakage ; 
and the pins at the 
bottom prevent the cover from sliding down w hen the microscope is 
inclined. This zoophyte trough ]K)ssesses two im])oi tant qualities : 
first, it does not leak ; second, it is not readily broken w ithout gi'oss 
carelessness. The shallowness may lu* overcome by placing an ebonite 
plate with the required apertui-e lietweenthe two mounted glassi's. 
Infusoria, minute algte, kc., however, can l>e well seen by 
placing a, dro]) of th(‘ water containing tliem on an ordinary slide, 
and laying a ihin ])iecc of Ci)\'(‘i*ing glass on tlu* top; and objects 
of soiiHWN hat grt'atec lhi('kiu‘ss can be examiiHMl l)y ])]acing a loop 
or ring of line cotton thr(*ad uj>on an ordinary slid(‘ to keep the 
covering glass at. a small distance f'rom it ; ami the objc'ct to be ex 
amined being placed on the slide w ith a ilrop of water, the covering 
glass is gently pressed down till it touches the ring. 8till thicker 
objects may be viewaal in the various forms of ‘cells’ hereafter to 
be described, and as, w lieu the c(‘lls an* lilh'd w ith fluid, tlieir glass 
covers will adhere by cajullary attraction, jirovided the superfluous 
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moisture tliat sui‘i*ouiid.s their edges be removed by blotting paper, 
they will remain in place when the microscope is inclined. An 
annular cell, that may be used either as a ‘ live-box ^ or as a ‘ gi^ow- 
ing slide,’ has lately been devised by Mr. Weber (U.S.A.). It is a 
slip of plate-glass, of the usual size and ordinary thickness, out of 
which a circular ‘ cell ’ of \ inch diameter is ground, in such a 
manner that its bottom is convex instead of concave, its shallowest 
part being in the centre and the deepest I'ound the margin. A 
small drop of the fluid to be examined being placed upon the central 
convexity (the highest part of which should be almost flush with the 
general surface of the plate), an<l the thin glass cover being placed 
ujx)n it, the drop spreads itself out in a thin film, without finding 
its way into the deep furrow around it ; and thus it holds-on the 
covering glass by capillai*y attraction, while the fuiTOw serves as an 
air-chamber. If the cover be cemented down by a ring of gold size 
or dammar, so that the evaporation of the fluid is prevented, either 
animal or vegetable life may thus be maintained for some days, or, 
if the two should be balanced (as in an aquarium), for some weeks. 

Dipping Tubes. — In every operation in which small quantities 
of liquid, or small objects contained in liquid, have to be dealt with 
by the microscopist, he will find it a very great convenience to be 
provided with a, set of tidies of the forms lepresented in fig. 304, 
but of somewhat larger dimensions. These were formerly desig- 
nated ‘fishing tubes,’ the ])urpose for which they were originally 
devised having been the fishing out of wafer fleas, aquatic insect 
larvpp, the largei* animalcules, or other living objects distinguishable 
either by the unaided eye or by the assistance of a magnifying glass 
from the vessels that may contain them. But they aie eciually 
applicable, of course, to the selection of minute plants ; and they 
may be turned to many other no less useful purposes, some of which 
will be specified hereafter. When it is desiied to secure an object 
which (Mill be seen either with the eye alone or with a magnifying 
glass, one of these tubes is passed down into the liquid, its uppei* 
orifice having been previously closed by the forefinger, until its lower 
orifice is immediately above the object ; the finger being then re- 
moved, the liquid suddenly rises into the tube, probably carrying 
the object up with it ; and if this is seen to be the case, by putting 
the finger again on the top of the tube, its contents remain in it 
when the tube is lifted out, and may he deposited on a slip of ghrss, 
or on the lower disc of the aquatic box, or, if too copious for either 
receptacle, may be discharged into a large gkiss cell. In thus 
fishing in jars for any but minute objects, it will be generally found 
convenient to employ the open-mouthed tube C ; those with smaller 
orifices, A, B, being employed for ‘fishing’ for animalcules, Ac., in 
small bottles or tubes, or for selecting minute objects from the cell 
into which the water taken up by the tube C has been discharged. 
It will be found very convenient to have the tops of these last 
blown into small funnels, which shall be covered with thin sheet 
indiarubber, or topped with indiainbber nipples, which by com- 
pression and expansion can then be regulated with the greatest 
nicety. 
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In dealing with minute aquatic objects, and in a gre.‘it y 

of other nianipidations, a small glass syringe of the pattern i*(‘pre- 
sented in fig. 805, and of about double the dimensions, will be 
found extremely convenient. When 
this is firmly held between the fore ^ ^ 

and middle fingers, and the thumb 
is inserted into the riim at the 


summit of 
c'omplete 


the piston-rod, such 


command is gained 


over 


the piston that its motion may be 
l egidated with the greatest nicety ; 
and thus minute quantities of fluid 
may be removed or added in the 
various operations which have to be 
performed in the preparation and 
mounting of objects ; or any minute 
object may be selected (by the aid of 
the simple microscope, if necessjiry) 
from amongst a number in the same 
drop, and transferred to a separate 
slip. A set of such syringes, with 
points drawn to different degrees of 
fineness, and bent to diffei-ent curva- 
tures, will be found to be among the 
most useful ‘ tools ’ that the vvoi*k- 
ing microscopist can have at his 
command. It will also be found 
that if a dipping tube with a gla.ss 
bulb have an indiarubber hollow 
ball or teat attached to the top of 
it, it will act, for the majority of 
[)urposes, as w(dl as a syringe. 

Porceps. — Another instrument 
so indispensable to the microscopist 
as to be commonly considered an 
appendage to the microscope is tlir 
force[)s for taking up minute ol»)ccts ; 
many forms of this have been devise<l, of which one of the most con- 
venient is l epresented in fig. 800, of something less than the actual 
size. As the forceps, in marine researches, have continually to be 



Fig. a04.— Dip- 
I)ing tubes. 


Fig. 30.5.— Glass 
svniige. 



piling (‘d into sea- water, it is Ixdtm' that they should be made of brass 
or of (Jerman silver than of .stt‘el, since the latter rusts far more 
i-i'adily: and as they are not intended (like diss(‘ct ing foriag s) to 
takt‘ a iirm grasp of the object, but merely to hold it. tlaw ina\ l)c‘ 
made veiy light, ami their spring portion slender. As it ise.sM*ntiah 
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liowever, to their utility that their points should meet accurately, 
it is well that one of the blades should be furnished with a guide-pin 
passing through a hole in the other. 

Most microscopists have at some time experienced the danger 
that is imminent to their instruments and mountings wlien exhibit- 
ing delicate objects with liigh power in mixed assemblies, arising 
fi‘om the inadvertency or w^ant of knowledge 
of some visitor, who may do tei rible mischief 
by innocently using the coarse adjustment. 
Messrs. Ross made an aii'angement by which 
the coarse adjustment could be ‘ locked ’ at a 
given point ; but an equally useful and simpler 
method was long ago devised by Messrs. 
Powell and Lealand, who used a deep ring, as 
is shown in fig. 307. This ring has two pins 
and a S(a-ew projecting inwards. When the 
screw is withdrawn, the rings can be slipped 
over the milled heads of the coarse adiust- 
land’s protecting ring for i^ient, and by screwing the small screw home 
coarse adjustment. the 1 ‘ing cannot be withdi’awn ; but as they 

ai*e loose upon the milled heads, the Latter 
cannot be brought into action ; the rings simply revolve upon the 
heads witliout bringing them into play. 

Other forms of the same appliance have lieen made by this firm ; 
and Messrs. Reck liave made these rings with slight modifications 
more recently. They are the most efficient means of countei*acting 
the danger incident on public exhibition of delicate objects under 
high powers. 

The foregoing constitute, it is believed, all the most important 
pieces of apparatus which can be considered in the light of accessories 
to the mici'oscope. Those whi(‘E have been contrived to affoi’d 
facilities for the pi’eparation and mounting of objects will be described 
in a future chaptei* (Chaj)ter YI.). 
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OH AFTER V 

OBJECTIVES, EYE-PIECES, THE APEBTOMETEB 

It is manifest that evei*ything in the form and construction as well 
4XS in the natui e of the optical and mechanical accessories of the 
microscope exists for, and to ni.ake more efficient, the special work 
of the objective^ or image-forming lens comV)ination, which constitutes 
the basis of the optical properties of this instrument. 

The development of the modern objective, as we have already 
seen, has been very gi*adual ; but there ai‘e definite epochs of very 
marked and important improvement. Our aim in the study of 
objectives is practical, hot anticpiarian, and we may avoid elaboi*ate 
researches on the subject of non- achromatic lenses and reflecting 
specula^ which have been sufficiently indicated in tlie third chapter 
of this volume. We may also pass over the earlier attempts at 
achromatism; the true historg of the modern objective begins from tho 
time that its ivchromatism had been finally worked out. 

The fii’st movement of a definite chai*acter towards this object 
was made, it has been recently shown,* so early as 1808 to 1811 by 
Rei'nardino Mai’zoli, who was Curator of the Ph3’sical Laboratory of 
the Lyceum of Brescia. Mr. May all discovered a reference to this 
effort to make achromatic lenses, and, through the courtesy of the 
President of the Athemeum of Brescia, discovered that Marzoli 
was an amateur optician, that he had taken deep interest in the 
application of achromatism to the microscope, and that a paper of his 
on the subject had been published in the ‘ Commentarj ’ for the year 
1808, and that he had exhibited his achromatic objectives at Milan 
in 1811 and obtained the award of a silver medal for their merits 
under the authoiity of the Istituto Reale delle Scienze of that city. 
One of these objectives was found to have been ‘ religiously pre- 
served,’ and was generously presented in 1890 by Messrs. Tranini 
Bi'others to the Royal Microsc^opical Society of London. With it 
was forwarded the ‘ Processo Verbale,’ or official record of the awards, 
notifying Mai*zoli’s exhibits and the awai’d of a silver medal, and 
the actual diploma., dated August 20, 1811, signed by the Italian 
Minister of the Interior. 

Marzoli’s objective was a cemented combination, having the plane 
side of the flint presented to the object ; and if this was a part of 
the intended construction, of which there appears small room for 
doubt, Marzoli preceded Chevalier in this, as we shall subsequently 
see, very practical improvement. 

^ Joiirn, Roy* Mic. Soc. 1890, j). 120. 
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It has been, however, customary to accredit the first practicable 
attempts to achromatise object-glassed to M. Selligues. In 1823 
he suggested to M. Chevalier to superimpose two, three, or 
four achromatised plano-convex ‘doublets,’ that is to say, pairs 
of lenses. These objectives had their convex surfaces presented to 
the object, which gave them four times as much spherical aberration 
as would have been the case had their positions been reversed,^ and, 
as we have just seen, Marzoli reversed them. This necessitated an 
excessive reduction of the apertures, which, nevei theless, still too 
manifestly displayed an obtrusive aberration. Yet the conception 
of an achromatised combination had been embodied in an initial 
manner. In 1825 M. Chevalier perceived the exact nature of the 
mistake made by M. Selligues, and made the lenses of less focal 
length and more achi'omatic, and inverted them, placing the plane 
side of the Hint towards the object. 

It is somewhat important, as it is intei-esting, to note that the 
idea of the superposition of a combination of lenses did not originate 
from theoretical considerations of the optical principles involved. 
It is scarcely conceivable that where thei'e was manifest ignorance 
of the position of a plano-convex lens for least spherical aberration 
(a principle now thoroughly understood) there could have been in- 
sihgt enough either to detect the presence of the two aplanatic foci 
or to discover a method of balancing them 
by inductive reasoning. Everything in the 
history points to happy accident as the pidmal 
step in achromatised objectives, and this, with 
very high probability, applies to the work of 
Chevalier, for Selligues’ attempt was a blunder 
against the commonplace knowledge of his 
time. 

The form of three superimposed similar 
achromatic doublets is precisely the combination of the French 
‘ buttons,’ which have been sold in thousands until quite recently, 
many of them being mounted as English objectives. 

At the suggestion of Dr. Coring, Mr. Tully, in this country, 
without any knowledge of what was being done on the Continent, 
made an achromatic objective in 1824. This was a single combina- 
tion, being an achromatic uncemented triplet. It was, in fact, a 
miniature telescope object-glass, and is illustrated in fig. 308. Two 
lenses made on this principle by Tully, having and foci, were 
found in practice too thick, and in many ways imperfect ; and he 
was induced to make another single triplet of focus and 1 8° aper- 
ture, and its performance w^as said to be nearly equal to that of 



Fig. 808 . — Tally’s achro- 
matic triple. 


Subsequently a doublet was placed in front of a similar triplet of 
somewhat shorter focus, forming a double combination objective of 
38® aperture. This was pronounced to be a great advance upon all 
preceding combim.tions, even those which had been produced upon 
the Continent. 

A note of Lister’s at this time upon the objectives of Chevalier 
1 Chapter I. 
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is of interest. He found them much stopped down, and in one 
instance he opened the stop and improved the effect. Lister says : 
‘ The French optician knows nothing of the value of aperture, but 
he has shown us that fine performance is not confined to triple 
objectives ; and in successfully combining two achromatics he has 
given an important hint — probably without being himself acquainted 
with its worth — that I hope will lead to the acquisition of a pene- 
trating ^ power greater than could ever be reached with one alone.’ 

At this time Professor Amici, of Modena, one of the leading 
minds who assisted in giving its form to tlie modern inicrosc*ope, had 
been baffled by the difficulties presented by the . 

problem of achromatism, and had laid it aside 
in favour of the reflecting microscope, but he / 

now returned to the practical reconsideration of h 

the production of an achromatic lens. As a / 

result he appeal’s to have constructed objectives / 

of greater aperture than those of Chevalier. / 

He visited London in 1844, and brought with 

him a horizontal microscope, the object-glass — 

being composed of three doublets, which pro- * 

duced a most favourable impression. 

Meantime, in this country, Mr. Listei’ 
brought about an important epoch in the evo- 
hition of the achromatic object-glass by the dis- ^ / 

covery of the two aplanatic foci of a combination. 

It had occupied his mind for several yeai-s, but 
in January 1830 a very important paper was 
read to, and published by, the Royal Scxdety, 
written by him, in which he points out how the 
aberrations of one doublet may be neutralised / 

by a second. j 

As the basis of a microscope objective, he f 

considers it eminently desirable that the flint 
lens shall be plano-concave, and that it shall be 
joined by a permanent cement to the convex 
lens. 

For an achromatic object-glass so constructed 
he made the general inference that it will have 
on one side of it two foci in its axis, for the 
rays proceeding from which the sphei ical abei - 
ration will be truly corrected at a moderate optical combination, 
aperture ; that for the space between these two 
points its spherical aberration will be over-corrected, and beyond 
them, either way, under-corrected. 

Thus, let a, h, fig. 309, represent such an object-glass, and be 
roughly considered as a plano-convex lens, with a curve, a c h, 
lunning through it, at which the spherical and chromatic errors 
are corrected which are generated at the two outer surfaces, and 
let the glass be thus free from aberration for rays,/, d, e, g, issuing 

' Penetrating ’ meant ‘ resolving ’ power in those days ; he alludes, therefore, to 
increase of aperture. 
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from the radiant point, f,he being a normal to the convex 
surface, and id to the plane one — under these circumstances the 
angle of emergence, g e A, much exceeds that of incidence, f d i, 
being probably almost three times as great. 

If the radiant is now made to approach the glass, so that the 
coui se of the i*ay, f d e g, shall be more divergent from the axis, as 
the angles of incidence and emergence become moi‘e nearly equal 
to each other, the spherioil aberration produced by the two will be 
found to bear a less proportion to the opposing error of the single 
correcting curve a c h\ for such a focus, therefore, the I'ays will be 
ovei*'Corrected. But if f still appi-oaches the glass, the angle of 
incidence continues to increase with the increasing divergence of 
the ray, till it will exceed that of emergence, which has in the mean- 
while been diminishing, and at length the s])herical error produced 
by them will i*ecover its oi iginal proportion to the opposite error of 
the curve of correction. When /‘lias reached this point y'' (at which 
the angle of incidence does not exceed that of emergence so much as 
it had at first come short of it), the rays again pass the glass free 
from spherical abeii*ation. 

Ify be cari'ied hence towards the glass, or outwards from its 
oi*iginal place, the angle of incidence in the former case, or of 
emergence in the latter, becomes disproportionately effective, and 
either way the aberration exceeds the correction. 

How far Listei^’s discoveiies wei'e affected by Amici’s woik it is 
now quite impossible to say ; thei*e can be but little doubt that some 
influence is due to it, but it is equally cleai* that a pr*ofoimd know- 
ledge of the optics of that time was the only foundation upon which 
the facts in Lister’s paper could have been built. He was a man of 
sipplication and an enthusiast, and it was inevitable that he should 
exert a powei-ful influence upon the early history of the optics of the 
microscope. This is the more certain when we remember how few 
wei*e the men at that time who knew in any practical sense what a 
microscope was ; and we find that in 18B1, being unable to find any 
optician who cared to expei iment sufiiciently, Lister taught himself 
the art of lens-grinding, and he made an objective whose fi*ont was 
a meniscus pair, with a triple middle combination, and tlie back a 
plano-convex doublet. He declared this to be the best lens of its 
immediate time, and it had a working distance of *11. 

One of the immediate consequences of the publication of Lister’s 
paper was the rapid production by professional opticians of achromatic 
objectives. The data supplied by Lister proved to be of the highest 
value in the actual profluction of these, and the pi-ogi-ess of improve- 
ment wfis, in consequence, and in comparison with the time imme- 
diately preceding, remarkably l apid. 

And/i*ew Rosa began their manufacture in 1831 . He was followed 
by Hugh Powell in 1834, and in 1839 by James Smith. It is of 
more than ordinary interest to study in detail the woi k of this im- 
mediate time, and the following table giving a list of objectives, with 
their foci, apertures, and mode of construction, with the dates of 
their production, will give a fair idea of the work of Andrew Ross 
in the manufacture of eai ly len.ses. He was the earliest of the three 
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English makers, and undoubtedly can ii'i! t he palni both here and on 
tlie Continent for the excellence of his objectives. 

1 inch 14° two doublets, 1832. Made for Mr. R. H. Solly. 

1 „ 18° single triple, 1833. 

J „ 55° three pairs, 1834. This belonged to Professor Quekett. 

1 22° 1 f 1837 to 1 

^ ” ggo I triple front and two double backs j | , Lister’s formula 

i ” 44°^ „ 

i „ 63° 

A 74° 

8 M »> 

Examples of these old lenses are extant and in perfect preserx a 
tion, and for correction they are compai’able without detriment to 
any ordinaiy ci*own and flint glass achromatic of the same apei'ture 
of the present day. 

An example of the construction of the J-inch focus objecti \ ( * of 
consisting of three pairs of lenses arranged with their plane sides 
to the object, the position of least aberration, is shown 
in fig. 310. The foci of these three pairs are in the 
proportion of 1 : 2 : 3. In 1837 this maker had so 
completely corrected the errors of spheidcal and 
chromatic aberi*ation that the circumstance of cover- 
ing an object with a plate of the thinnest glass was 
found to distuib the connections ; that is to say, the 
corrections were so relatively perfect that if the 
combination were adapted to an uncovei*ed object, Andrew Ross, 
covering the object with the thinnest glass intro- 
duced refractive disturbances that destroyed the high quality of the 
objective.^ 

Lister’s paper of 1830 gave the obvious clue to a method of 
neutralising this ; that is to say, hy leiis distance ; and Ross ap|)lied 
this correction by mounting the front lens of 
an objective in a tube which slid over anothei* 
tube carrying the two other pairs. A veiy 
primitive form of this lens correction is a flbrded 
us by a ^-inch objective made by Andrew Ross 
in 1838. It belonged originally to Professor 
Lindley, the second President of the Royal 
Microscopical Society, and was presented to the 
society by his son, the Mastei* of the Rolls, in 
1899. An illustration of this lens is given in 
fig. 311. The tube carrying tlie front lens 
slides on an inner tube; it c;m be clanqaal in 
any position by the screws at the sides ; the 
line in the small hole in the front indicates its Fia. ail.— Primitive 
position, and is the prototype of the ‘ covered ’ coirec- 

and ‘ uncovered’ lines of later tiin(‘s. 

The larger cylinder at the basi* is the lid of its box upon which 
it is standing. 

Subsequently this arrangement was modified by the introductioi 
1 Vide Chapter I. 





j.1842. 
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of n screw arraiigeiiieiit, as in 312. Tla^ front, pair of lenses is 
fixed into ;i tidip (A) which slhles over an interior tube (H) by which 
the oth(‘i two pairs are held ; and it is drawn up or down by means 
of a collar (O). \vhi(*h works in a furrow cut in the inner tube, and 
upon a screw-thread cut in the outer, so that its revolution in tlie 
[)lane to which it is fixed by the one tube gives a vertical movement 
to the other. In one part of the outer tube an oblong slit is made, 
as seen at L), into which projects a small tongue screwed on the 
inner tube ; at the side of the former two horizontal lines ai'(‘ 
engj*av(Ml. one pointing to the word ‘uncovered,’ the other to the 
word - covered;’ whilst the latter is crossed by a horizontal mark, 
which is brought to coincide with either of the two lines by the 
rotation of the screw-collar, whereby the outer tube is moved up 
or down. When the mark has been 



Fig. 312 .— Section of adjusting object-glass. Fig. 313.— Present collar 

correction. 


of the object-glass is such as to make it suitable for viewing an 
object without any interference from thin glass ; when, on the other 
hand, the mai k lias been brought, by the revolution of the screw- 
collar, into coincidence with the line ‘ covered,’ it indicates that the 
front lens has been brought into such pi-oximity with the other two 
as to produce an ‘ under-correction ’ in the objective, fitted to 
neutralise the ‘ over- correction ’ jiroduced by the intei’position of a, 
glass covei- of extremest thickness. 

This method of collar cori-ection served the purposes of micro- 
scopy for upwards of thirty years, but when more critical investiga- 
tions were undertaken and objectives had more aperture given to 
them it was found that the methoil ha<l two great faults. 

The first was that the ‘covered’ and ‘uncovered’ marks were 
too crude. To remedy this, the screw collar was graduat(‘d into 
fitfy divisions, a device introduced by James Smith in 1841 so that 
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intervals between the points ‘ covered ’ and ‘ uncovered ’ might be 
recorded. 

The second, a more serious defect, was the movement of the 
fi'ont lens while the back remained rigid with the body of the 
microscope. The detriment of this ariangement was that in cor- 
recting a wide-angled, close- working objective there was a danger of 
forcing the front lens through the cover-glass by means of the collar 
connection. 

Now the arrangement iis shown in fig. 313 enables the front 
lens to maintain a fixed position, while the correctional collar acts 
on the posterior combinations only. This device was introduced 
by Mr. F. H. Wenham in 1855. 

On the Continent it has been the practice to graduate the cor- 
rectional collar in terms of the thickness of the cover-glass in deci- 
mals of a millimetre. Thus if a cover-glass be 0*18 mm. thick, the 
correctional collar should be set to the division marked 0*18. 

In England, on the contrary, the divisions are entirely empiri- 
cal, so that the operator has to discover* for* himself the proper 
adjustment. It is not to be supposed, however, that the English 
method is unscientific, for when an operator becomes expert he 
would never for an instant think of adjusting by any other indi- 
cation than that afforded by his own eye and experience. This is a 
very important point, because the interpretation of structure to a 
gr*eat extent depends on accurate adjustment of the objective, and 
it would be folly to suppose that an eminent observer would sui*- 
render his judgment to the predetermination of theory embodied in 
what must be the imperfections in even the most conscientious and 
thorough work which gives a practical form to such theory. In 
fact, it is the test of accurate manipulation that, however the collar 
correction be disturbed, the microscopist will, in getting a critical 
image of the same object, always, by the quality of the image he 
obtains, bring the coi*i ection to within the merest fraction of the 
same position, although the correction collar and its divisions are 
never looked at until the desired image is obtained. 

The fact that the over-correction caused by the cover-glass was 
discovered in England, and that means were at once found for its 
correction, while no similar steps were taken on the Continent, is a 
sufficient evidence of the advanced position of this country in practi- 
cal optics at that time. 

This s'ithject of under- and over-coi'^'ectlon is one of large impor- 
tance^ and it may be well at this point to enable the tyro to clearly 
understand, by evidence, its nature, although ichat it is has been 
fully shown in Chapter I. Take a single lens — the field-lens of a 
Huyghenian eye-piece will serve admirably — and hold it a couple 
of yards from a lamp flame; the rays passing through the peri- 
pheral portion of the lens will be found by experiment with a card 
to be brought to a focus at a point on the axis 'nearer the lens than 
those passing through the centre. This is \inder-cm*rection, vide fig. 23, 
p. 20. The same experiment should be repeated with the plane 
side and the convex side of the lens alternately turned to the fiame. 
In the former cjise, when the image of the flame is at its best focus, 
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it will be siuTounded by a coma, and even the portion of the flame' 
which is in focus will lack brightness. But with the convex side to- 
wards tJie flame it will be found that in the image on the card the 
cuma is greatly reduced, and the image of the flame brightened. 
Tlie reason for this is, as already stilted, that the spherical aberration 
is four times as gi*eat when the convex side of the lens is towards 
the card. 

The practice of these simple tests will he most instructive to 
those unfamiliar with the optical principles on whicli an objective is 
constructed. They make plain that an over -corrected lens is one 
which brings its lyerijyheral rays to a longer focus than its central^ vide 
fig. 24, p. 20. But a cover-glass produces over-correction, therefore 
the means employed to neutralise the eri*or is by the under-cor- 
rection of the objective. If, however, the objective employed 
should be unprovided witli such means of correction, the eye -piece 
must be brought nearer the objective, which will eflect the same 
result.^ 

Still confining our consideration to the year 1837, we find that a 
further improvement was made by Lister, who ehnployed a triple 
front combination. This consisted of two crown piano-con vexes with 
a flint plano-concave between them. The result of this was tlie 
increase of the aperture of an inch-focus objective to 22°. 

An illustration of the mode of construction of these lenses is 
given in fig. 314, wliich is drawn fi*om an early ^-inch objective by 
Andrew Ross, having bayonet-catch correction adjustment. In 1 842 
a ^-inch of 44®, a J-incli of 63®, and a |^-inch of 74® were made 
upon the same lines. The method for computing these fronts is 
given by Mr. Nelson in the ‘Journ. R. M. S.,’ 1898, p. 160 et seq. 

In 1841 the Royal Microscopical Society ordei ed a microscope 
from each of the before -mentioned leading opticians. The objectives 
supplied with these are still extant, representing with moral certainty 
the very best work of the several makers ; they are consequently 
valuable as reliable specimens of the best work of the period. 

The objectives supplied by James Smith have the peculiarity of 
being sepai*ating lenses. 

The lowest power is about 1^-inch focus. Wlien this is used 
alone a diaphragm is slid over the fiont to limit the aperture, but 
we are unable to say what that limit was, since the diaphragm has 
been lost. By placing another front wheie the diaphiagm would 
have been, the new combination becomes an ^^^-inch focus, while 
yet another front may be substituted, making the objective a ^-inch 
focus. This latter front consists of two pairs, and it is provided 
with a graduated screw-collar adjustment which separates these 
pairs, but the arrangement is of a very primitive order. 

This object-glass will divide the podura marks in a milky field 
with a full cone, and the field is much curved. 

There is also a separating IJ-inch and f-inch which is good 
while the ^^^-inch and the |^-inch may be considered fair. 

The lenses supplied by Andrew Ross are a good 2 -inch and a 

1 Under-correction is also known as * positive aberration ; ’ over-correction as 
negative aberration.’ 
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fair 1-incli, but we have seen a better than this of about the stime 
period. 

Hugh Powell supplied a I -inch of good quality, and a 
jig-inch fairly good. The apertures of the ^ and the ^'jr-inch are of 
coui'se very low. 

On the whole it may be said that the coirections are well 
balanced in the lower lenses, and the apertures moderate ; but when 
we come to the higher powers it is the deficiency of aperture that 
becomes so oppressively apparent. In 1844 Amici made a 4^-inch 
objective of 112° and brought it to England. It was understood 
that extra dense flint was employed in the constiaiction of this 
objective ; but this is perishable ; and Mr. Ross alteied slightly the 
curves of Amici’s construction, and with ordinaiy flint succeeded 
in extending the aperture of a ^-inch objective to 85°, or *68 N.A.,. 
and a inch objective to 155°, or *95 NT. A. Of this latter it was 
affirmed that it was ‘ the largest angular pencil that could be pjissed 
through a microscope object-glass.’ 

In 1850 object-glasses were made with a triple hack comhiiiation ; 
these were attributed to Lister ; but it is also affirmed that they 






Fig. 814. — An early 
i-in. combination 
by A. Ross. 





Fio. 315. — A triple- 
back combina- 
tion by Lister (or 
Amici ?). 



o 

Fig. 81(5. — A single- 
front combination 
by "Wenham. 


were the previous device of Amici. It may well be a disputed pointy 
for it is quite certain that this device brought the dry achromatio 
objective potentially to its highest perfection. The combination ia 
illustrated in fig. 315, and under the conditions of its construction it 
may be well doubted if anything will ever surpass the results 
obtained by English opticians in achromatic objectives constructed 
with this triple front, double middle, and triple back combinations, 
apart from the use of the new kinds of Jena glass. For the method 
of computing the triple back, vide ‘ Journ. R. M. S.,’ 1898, p. 160 etseq. 
It may be noticed that Tully’s objective had a triple back, but it was- 
not the result of intended construction ; it was a fortunate combina- 
tion the real value of which was neither understood nor appreciated, 
and as a consequence its existence was evanescent. 

In this same year Wenham produced another modification of the 
achromatic objective of considerable value, but more to the manu- 
facturer than the user of the microscope. It consisted of a single 
front ; the combination is seen in fig. 316, which, it will be seen, is a 
simpler construction, but this did not affect in the least the price of 
the ol^jectives produced. Subsequently, however, the form was. 
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adopted on tlie Continent for low-priced objectives, which led to a 
reduction of the cost of English objectives of the same construction. 

Manifestly, the single front lessened the i*isk of technical eri*oi*s, 
but we have never been able yet to find a single fi’ont objective of 
the old achromatic dry construction which has shown any superiority 
over a similar one possessing a triple front. 

The single front employed with two combinations at the back 
was the form in which the celebrated waUr-immiiersion objectives 
of Powell and Lealand were made. It was by one of these that the 
stria3 on Am^yliiplenra pelhicida were first resolved. Indeed, what is 
known as the water- immersion system of objectives, devised by 
Professoi* Amici, was the next advance upon the old form ; it should, 
however, be remembered that as early as 181H achromatic watei*- 
immersion lenses had been suggested by Sii* 13. Brewster, but it was 
an advance the optical principles of which were certainly not at the 
time understood. 

In Paris, Pi-azmowski and Hartnack brought these objectives to 
gi*eat perfection, and were enabled to take the piemier place against 
all competitors at the Exhibition of 1867. The next year, however, 
Powell and Lealand adopted the system, and in turn they distanced 
the Paris opticians and produced some of the finest objectives ever 
made. Their ‘ New Formula ’ water-immersions were made aftei* 
the fine model of Tolies referred to below, and had a duplex front, 
a double middle, and a triple back. In 1877, when the water- 
immersion system touched its highest point, apertures as great as 
1*23 were reached; and in America, Spencer, Tolies, and Wales 
produced some extremely fine lenses of large aperture. 

During the year 1869 Wenham experimented with and sug- 
gested ^ the employment of a duplex front ; that is to say, a front 
combination made up of two uncorrected lenses in contradistinction 
to an achromatised pair. An illustration of the plan suggested is 
given in fig. 317, which hardly appears to us as a practicable form, 
and which certainly was never brought to perfection or put into 
practice. 

But in the month of August, 1873, Tolies actually made, on 
wholly independent lines, a duplex front formula for a ^ glycerine 
immersion of 110° balsam angle, which passed into the possession of 
the Army Medical Museum at Washington. There can be little 
doubt but this objective would have produced a much deeper im- 
pression but for the fact that it was in advance of its immediate 
time. 

Tolies, as we have hinted above, used the duplex front in the 
construction of some of his immersion objectives, and was followed 
in this by the best English makers, and, in the case of a celebrated 
i-inch purchased by Mr. Crisp, Tolies was able to reach a balsam 
angle of 96®. 

At the time that the water-immersion lenses were being con- 
structed by rival opticians with increasing perfection, the great 
theory of Professor Abbe concerning microscopic vision, the impor- 
tance of diffi’action spectra, and the i*elation of aperture to power 
^ Monthly Micro. Jon/rn. Vol. I. p. 172 . 
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was entirely unknown. In the absence of this knowledge wholly 
mistaken value was attached to poioer per se in the objective. 

With a focus as short as the ^k-inch, it was not uncommon to 
find apertures less than 1*2, while objectives of and even 

higher powers, were made with extremely reduced apertures. This 
was done in the interests of the common belief that ‘ power ’ — 
devoid of its suitable concurrent aperture — could do what was so 
keenly wanted. 

This impression, however, was far from universally i*elied on ; 
there were several earnest workers who, without being able to 
explain, as Abbe subsequently did, why it was so, still urged the 
opticians, in the manufacture of every new power, especially the 
higher ones, to produce the largest possible amount of aperture; 
and the evidence of this is still to be found in the objectives they 
then succeeded in obtaining. But thei‘e ciin be no doubt that a 
reckless desire for magnifying powei*, all other considerations apart, 
greatly obtained ; and the opticians were able to encourage it, for it 
is far easiei' to construct an objective of high power and low aperture 
than it is to make a, low powei* with a large aperture. 




Fig. 817. — A suggested 
combination by Wen- 
ham, 1869. 



Fig. 818. — Combina- 
tion for ‘ homoge- 
neous’ immersion 
by Abbe. 



Fig. 819. — Diagram of 
apochromatic com- 
bination. 


Thus a ^-inch of 0*65 N.A. will be far more expensive, and pro- 
bably not as well corrected, as J of 0*7 N.A. The Vinch objective, 
even if a good one, is sure to exhibit spherical aberration, while the 
t of low aperture will show many minute objects with considerable 
clearness, especially if a comparatively narrow illuminating cone be 
used. 

This difference becomes still more conspicuous as the difference 
between aperture and power grows relatively greater, until we obtain 
ultimately an amplification more than useless from its utter inability, 
on account of deficiency of aperture, to grasp details.^ 

Up to 1874, however, there was an entire absence of knowledge, 
even on the part of the leaders in microscopic theory, art, and 
practice, as to the real optical principles that enabled us to see a 
microscopic image, and consequently to understand the essential 
requirements to be aimed at in the best form of microscope. But in 
1877 Abbe’s great Diffraction Theory of Microscopic Vision appeared, 
which has led to changes of incompa.rable value in the principles of 

* Vidtf Chapter II. 
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construction of objectives and eye-pieces, and, as a consequence, has 
to some considerable extent given a new character to the . entire in- 
strument. Its promulgation has indeed inaugurated an entirely 
new epoch in the construction and use of the microscope. 

The general character and the details of Abbe’s theory are given 
in the second chapter of this treatise ; but its practical bearing upon 
the theory and application of the optical part of the instrument was 
soon manifest ; for in 1878 the homogeneous system of immersion 
objectives ^ was introduced as a logical outcome of the diffraction 
theory of microscopic vision. A formula for a J-inch objective on 
this system was prepared by Abbe, to whom, we learn from himself, 
it had been suggested by -Mr. J. W. Stephenson, of the Royal 
Microscopical Society. ^ It has been already shown ^ that the homo- 
geneous system was so called becjiuse it employed the oil of cedar- 
wood to unite the front lens of the objective to the cover-glass of 
the object, in the same way as water had been employed in the 
ordinary immersion system ; but as there was a practical identity 
between the refractive and dispersive indices of the oil and those 
of the crown glass of the front lens, the I'ays of light passed 
through what was essentially a homogeneous substance in their 
path across from the balsam-mounted object to the front lens, and 
a horuogemotis system of objectives took the place of the previous 
water immei'sions. 

This was tlie first great step in advance in optical construction 
and application following the theory of Abbe. 

As often happens in matters of tliis kind, there had been an 
apparent anticipation of this system of lenses by Amici as far back 
as 1844 ; but it is very apparent that Amici employed the oil of 
aniseed without any clear knowledge of the principles involved in 
the homogeneous system, being wholly unaware of either the increase 
of aperture involved or the cause of it. But this cannot be said of 
Tolies, of New York. We have pointed out that, as early as 1873, 
he made a xV-inch, and subsequently, in the same year, a J-inch 
objective, each with a duplex front to work in soft balsam, and with 
a N.A. of 1*27. These objectives were examined by the late Dr. 
Woodward, of the Ai my Medical Depai tment, New York, and with 
that examination were allowed to drop. For Tolies as an original 
deviser of a practical homogeneous system this was unfortunate ; for 
the actual introduction of the system in a form capable of universal 
application, and worked out in all its details in an entii*ely inde- 
pendent manner, we are wholly indebted to Abbe. 

The principle wjis not, nevertheless, so readily and warmly 
adopted in England on its first introduction as might have been 
^anticipated. This arose partly, however, from the fact that water 
immersions had been brought to so high a point of excellence by 
Messrs. Powell and Lealand that the early homogeneous objectives 
were not possessed of more aperture, and were not sensibly 
superior to the best immersions made in England. 

The homogeneous objectives were made with duplex fronts and 

I Chapter II. P. 27 ; also Joiirn, Boy Micro. 80 c. Vol. II. 1879, p. 267. 

^ Chapter I. 
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two double backs. A general diagram of their mode of construction 
is given in fig. 318. 

So long as crown glass was employed in their manufacture, and 
the anterior front lens was a hemisphere, it appeared that N.A. 1*25 
to 1*27 was the aperture limit they could be made to reach. 
Messrs. Powell and Lealand, however, hy makhiy the anterior* front 
lens greater than a hemisphere, increased the aperture of a j^g-inch 
objective to 1’43 N.A. 

This front, from being greater than a hemisphere, presented 
<lifiiculty in mounting ; this was at first overcome by cementing its 
plane surface to a thin piece of glass, which was then fixed in the 
metal. Eventually, however, this form of construction was changed 
by these makers in a very ingenious manner ; so to speak, they 
entirely inverted the combination, and accomplished the end by 
making the front of flint. By this means they obtained apertures 
which have not as yet been e(]ualled by any other makers, reaching 
in a a and a N.A. of 1 *50 out of a theoretically possible 
aperture of 1’52. Professor Abbe has since, it is true, made an 
objective with a numerical apei’ture of 1*63, but this requires the 
objects to be mounted and studied in a medium of corresponding 
refractive index, and consequently, in the present state of our know- 
ledge of the subject of media, not applicable to the investigation of 
ordinary organic structures — certainly not of living things. 

These objectives fully occupied the microscopist until 1886, when 
the most important epoch since the discovery and application of 
achromatism was inauguiuted. 

We have already pointed out in detail ^ that it was the great 
defect of the ordinary crown and Hint achromatics that two colours 
only could he comhined and that the other colours caused out-of- 
focus images, which appeared as fringes round the object. This was 
what was known as the residuary secondary spectrum. 

In like manner, it has been shown that it was not possible in the 
Hint and ci’own achromatic to combine two colours in all the zones 
of the objective, so that if two given colours are combined in the in- 
termediate zone they will not be combined in the peripheral and 
the central portions of the objective. 

These phenomena, it has been pointed out,^ arise from what is 
known as the irrationality of the spectrum. To correct this we have 
seen that Drs. Abbe, Schott, and Zeiss directed their attention to 
the devising of vitreous compounds which should have their dis- 
persive powers proportional to their refractive indices for the various 
parts of the spectrum. Only by these means could the outstanding 
errors of achromatism be corrected. 

It is therefore a fact that the old flint and crown objectives, 
whether for the microscope, the telescope, or the photographic 
camera, are, strictly speaking, neither achromatic nor aplanatic. 

Glass whose properties far more nearly approximated the theo- 
retical requirement than any previously attainable having been 
manufactured by the Jena opticians,^ Abbe was able to produce 
objectives entirely cleansed of the secondary spectrum. From calcu- 
i Chapter I. » Chapter U. 
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lations of a most elaborate and exhaustive kind made by Dr. Abbe, 
objectives are made by Zeiss which not only combine thiee parts of 
the spectrum instead of two, as formerly, but are also aplanatic 
for two colours instead of for one. This higher stage of achromatism 
Abbe has called apochrornatiim. 

A general plan of the coi struction of an apochromatic objective 
as made by Zeiss is shown in fig. 319, which, it will be understood, is 
diagrammatic, but sufficiently illustrates the elaborate coi’rections by 
which the perfect results given by these objectives ai‘e accomplished. 
But, in addition to their form of construction and the special optical 
glass of which they are composed, it is now known that they owe 
much of their high quality to the use of fluorite lenses amongst the 
combination. Fluorite is a, mineral which has lower refractive and 
dispersive indices than any glass that has yet been composed, and 
therefore by its introduction the optician can reduce the spherical 
and chromatic aberrations greatly below that reached by achromatic 
combinations of the known type. 

It is a somewhat depiessing fact that fluorite is very difficult to 
procure in the clear condition needful for the optician, but from what 
we have seen the optician can do in the manufacture of glass, we 
may hope that an equivalent of this minei'al in all optical qualities 
may be discovered. 

The medium for mounting and immei-sion contact has, of course, 
to be of a corresponding i*efractive and dispersive index in all ob- 
jectives of great aperture, and it is insisted by Abbe that the glass of 
which the mount is made, both slip and cover, must, when the limit of 
refraction by ci’own glass is passed by the objective, be of flint glass. 
This he presents as a sine qua non in the case of the new objective 
made a few years since by the house of Zeiss, and a specimen of 
which has been generously given by the fiiin to the Royal Micro- 
scopical Society. This glass has a numerical aperture of 1*63; in 
a subsequent chapter on the pi*esent .state of our knowledge as to 
the ultimate structure of diatoms we are enabled to present the 
results of some of the photo-micrographs produced by its means. 
But it may be noted that very much will depend upon the N.A. of 
the illuminating cone which can be employed with it— not theoreti- 
cally, but practically, and it is for practical purposes of no value to 
the student of minute life, because the highly refractive and dis- 
persive medium needed to make the object mounted homogeneous is 
destructive of life, and even of organic tissues. Such value as it 
may have is therefore confined entirely to the examination of 
silicious and other indestructible organic or inorganic products. 

Before leaving this part of our subject we note with pleasure 
that Mr. Nelson has computed a triplex front of minimum aberra- 
tion suitable for an oil-immersion condenser. We illustrate it 
in fig. 320. The data for this are as follows, viz. : — 

0 is the object and V its virtual image ; the hyperhemispherical 
front is aplanatic for these two points. The scale of the drawing is 
ari*anged so that the distance of the vertex A of the front lens to 
the object O is one inch. The three lenses are made of borosilicate 
ghiss. No. 5 in the Jena catalogue, /i=l-51 ; and as the reciprocal of 



IMMERSION FRONT FOR CONDENSER BY NELSON 367 


the dispersive power is 64*0, the chromatic aberration of the triplet 
is very small. Moreover the glass is hard and perfectly safe to use. 

Radii : curve A= -p *602 

B= 00 

C= + 3*4;i4 
D= + 1*280 
E=-15*078 
F= 4- 2*359 
Diameters : lens FE=2*45 
DC=:2*1 

Distance between surfaces : ED =*05 

CA=03 



Pig. 820. — Nelson’s new iininersion front for a condenser. 

Thickness AB=*683. 

Working distance BO=‘317. 

Diameter of the plane surface B of front lens= 1*192, AO=1*0, 
AV=1*51. 

The angle 5=62°, juid <^=35° 47'; the numericiil aperture of 
the combination is therefore 1*33 N.A, 

The front lens A B is aplanatic ; the spherical aberration of the 

next two DC, FE only amounts to —*214 The back correcting 
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lens, wliich might he a triplet, will require to have -f ‘214 ^ 

of spherical aberration to render the whole combination aplanatic. 

On the whole, and for the purposes of practical and prolonged 
biologicfil investigation, it is to the dry apochromatics that we ai‘e 
most indebted, and from theii* use we shall derive the largest benefit. 

As no subject is really of more importance than a clear under- 
standing of the difference of action of chromatic, achromatic, and 
apochromatic lenses, we venture to present a diagrammatic illustra- 
tion, which, while not strictly accurate, will carry with it no error, 
as a popular illustration of this important subject. 

In fig. 321, 1, 2, 3, we have representations, as truly as they can 
be drawn, of clones of equal light ; that is to say, the peripheral zone 
will ti*ansmit an amount of light equal to that given either by the 
intermediate zone or the central cii’cle. Let them therefore be 
called equilncent zones. 



/. >5. 3. 

Fig. 821. 

If we assign a numerical value for the visual intensity of the 
whole spectrum, say 100, made up of the following parts, viz. : — 

Red 16 

Orange-yellow 40 

Yellow-green 30 

Blue 15 

then if in any one of the equilncent zones the whole spectrum is 
brought to a focus, we shall have for that zone 100 as its effective 
value. 

But the entire object-glass is divided, as in the diagram, into 
three equilncent zones ; consequently 300 will represent the value of 
the whole lens, provided the whole of the spectrum is brought to the 
same focus. 

By referring to the diagrams we see that in a non-achromatic 
lens (fig. 321, 3) we shall get only 40, because only one part of the 
spectrum is brought to the focus in its intermediate zone ; and as 
spherical aberration causes the light which passes through the other 
zones to be brought to othei' foci, they for all practical purposes might 
be stopped out. 

In the achromatic lens we have (fig. 321, 1) in the intermediate 
zone two parts of the spectrum combined, as 40 + 30=70, and one 
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in each of the other zones is also brought to tlie same focus, my 30 
in the outer zone, and 40 in the centre circle. The result is that 
the whole achromatic lens gives a total of light, on the principle stated 
above, of 30 + 704-40=140. In the apochromatic system, how- 
ever (fig. 323, 2), we find in the intermediate zone three parts of the 
spectrum united ; that is to say, 40 + 30+ 15=85 ; and Wo in each 
of the others, say, 40 + 30=70. Thus an apochronmtic objective 
will give 70 + 85 + 70=225. 

Kecalling the suppositions we have made for the purpose of this 
graphic presentation of a difficult subject, it w ill be seen that a non- 
achromatic objective would give 40, an achromatic 140, and an 
apochromatic 225 out of a possible totel of 300. 

This illustration might be exceeded in severe accuracy, but 
.scarcely in simplicity, and it sufficiently explains from this point of 
view alone the vast gain of the apochromatic system. 

It is interesting to note that, while the microscope in its earlier 
form took its powerful position by borrowing achromatism from the 
telescope, it has now led the wiiy to the aj)ochromatised state, which 
without doubt it will be the work of the optician, in constructing 
the telescope of the immediate future, to follow. 

We would l)eg the readei* to bear in mind in the purchase of 
objectives that, wdiilst tlu^ vitreous compoumls with wdiich Abbe’s 
beautiful objectives are constructed are now’ accessible to all opticians, 
and whilst without these Abbe’s objectives could never have been 
consti'ucted, yet it does not h/j any means follom that because an 
ohjective is made nuth the Abbe-Schott glass it is therefore apo- 
chromatic ; the secondary spectrum must he removed, and the spfterico- 
chromatic aberration balanced, ov it is ‘ apochromatic ’ only by mis- 
nomei*. It is another feature of these objectives, which it is import- 
ant to note, that they are so constructed that the upper focal points 
of all the objectives He in one plane. Kow as the lower fociil points 
of the eye-pie(^es are also in one plane, it follows that, w+atever eye- 
piece or whatever objective is used, the optical tube-length will 
remain the same. 

Professor Abbe has found ^ that in the wide-aperture objective 
of high power thei'e is an outstainling eii'or which there is no 
means of removing in the objective alone, but, as we have already 
explained, this is left to be balanced by an ovei--coi*rected eye-piece. 
As this peculiarity jiei’tains only to the higher pow ers, a correspond- 
ing error had to be intentit)nally introduced into the lower powers in 
order that the same over-corrected eye-pieces might be available for 
use with them. 

It appears worthy of note in this relation that one of the best 
forms for the combination of three lenses is that known as Steinheil’s 
formula, which consists of a bi-con vex lens enciised in two concavo- 
convex lenses. It will Jbe observed by reference to the figure illustrat- 
ing the apochi‘omatic lens construction (fig. 319) that this is largely 
made use of. In some instances the encasing lenses possess sufficient 
<lensity, with regard to the central bi convex lens, to altogether over- 
power it, the result being a bi-convex triple with a negative focus. 

1 Chapter 11 . 
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It is another distinctive feature of the 3 rum. objective that it 
has a triplex front ; thus Zeisses 3 mm. (= ^ inch focus) had the 
errors from three iincorrected lenses balanced by two triple backs, 
i.e, nine lenses taken together, but it has since been constructed on a 
different formula. 

The foci of the set of apochromatic lenses now made by Zeiss 
are integral divisions of what may be termed a unit lens of 24 mm. ; 
24 he chooses as a means of avoiding the inconveniences inseparable 
from the use of the decimal system.' The unit lens is therefore a 
little higher than 1 inch in power. In the series of dry lenses there 
are two powers of the same aperture. Thus 24 mm. and 16 mm., 
corresponding to EnglisJi 1 inch and f inch, each lias an aperture of *3 ; 
a 12 mm. and 8 mm. = English ^ inch and ^ inch, have each an 
aperture of *65 ; while a 6 mm. and a 4 mm. = \ inch and ^ inch, 
have both an aperture of *95. 

There are also water- immersions : a 2*5 mm. = inch, with 
N.A. 1*25, and two oil-immersions respectively 3 mm. and 2 mm. 
= ^ inch and inch, both being made either with 1*3 or 
1*4 N. A. 

Apart from these, intended to be used for photogi'aphic purposes 
without an eye-piece, is a 70 mm. = a 3-inch, also a 35 mm. or 
H-inch objective. 

With the exception of the 6 mm., 4 mm., and 2*5 mm. objectives, 
which have the screw-collar adjustment, this series have rigid mounts, 
correction being secured by alteration of the tube-length. 

The performance of these lenses, as they ai*e now made, is of the 
very highest order. They present to the most experienced eye unsur- 
passed images. They are connected with a delicate perfection which 
only this system, coupled with technical execution of the first order, 
can possibly be made to produce. The optical jiolish, the centring, 
the setting, and the bi*asswork certainly have never been surpassed. 

It is a matter also worthy of note that Zeiss’s apochi*omatic 
series of objectives are true to tJieir deHlynations as powers. The 
^-inch is such, and not a j^,,-inch designated i-inch. This was 
equally true of the early achromatics. A. Ross produced a J-inch 
under that name. One now before us, made fifty years ago, has an 
initial power of 41 ; and that of i inch has an initial power of 21. 
But modern achromatics of fair aperture are always greatly in 
excess of their designated power ; f are nearly ^-inch. A ^-inch 
of 40° has .‘111 initial power of 25, and is a i^fj-inch; ^^„-inch 
objectives ai'e in reality ^-inch ; and ^-inch objectives of 90° and 
upwai’ds have initial powers of 50 instead of 40, which they should 
have, so that they are in re.ality 1 ths ; some in fact — by no means 
uncommon — have an initial power of 60, and are actually ^th-incli 
objectives. 

This is explicable enough fi-om the maker’s point of view ; it is 
far easier to put power into an object-glass than aperture. It is 

^ Although the foci of the lenses are expressed in integers, with the single excep- 
tion of the water -immersion 2*5 mm., there are inconvenient decimal fractions in the 
initial magnifying power of all the series except those of 2*5 and 2 mm. focus. 
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easier to make a ^-inch of 100° than a J with 100° ; the result is 
that low powers with ^suitably wide apertures are costly. 

In the Zeiss apoc*ln*oma,tic series of objectives the 24 mm. of -8 

N. A. and 12 mm. of *65 N.A. may he considered as lenses of the 
veiy highcwst order ; the I’elation of their aperture to their power is 
such that everything which a keen and trained eye is capable of 
taking cognisance of is resolved vdten tJm objective is yielding a 
'magnification equal to twelve timss its initial power ; for this purpose 
an objective muvst have 0*26 N.A. for each hundred diameters of 
combined magnification. Under these conditions an object is seen in 
the most perfect manner possilfie. In this connection Mr. Nelson 
has suggested ^ that the term • optical index ’ should be added to 
that of tlie numericjd aperture. The optical index or 0,1. is the- 
ratio of the numerical aperture ( X 1000) to the initial magnifying 
])Ower. Thus the numerical aperture of the Zeiss apochromatic 
24 mm. is -3, and its initial power 1 0. Then its O.T. is = 30. The 

O. 1. of the 12 mm. apochromatic of '65 N.A. is 31. That of 

the ^ homogeneous immersion of 1*4 N.A. is 17. Compare 

now these figures with an old water-immersion of IT N.A. 

= 2'0. The value of these figures will he apparent when we 
remember that any lens used with a 10 power eye-piece must have 
an 0.1. of 26 to resolve all detail visible to a keen eye. 

The optical index thei-efore tells us that the water-immersion 
of IT N.A. had a vast amount of empty magnifying j)ower, while on 
the other hand the 24 and 12 mm. will both stand a higher eye- 
piece than 10 ; nay, even 1 etpiire it before the detail resolved by them 
is made visible to the eye. It also shows that the ^of 1*4 N.A. will 
stand a higher eye-])iece without arriving at an empty magnifying 
power than the /o N.A., whose 0.1. is ll'O. 

As it is more difficult to put aperture into a lens than power, the 
O.I. becomes also an index of the money value of a lens. Thus the 
mentioned above that had an initial magnifying power of 60 and 
N.A. of '8 oTight to be a cheaper lens than a true with an initial 
magnifying powei* of 40 and a N.A. of '9, their optical indices 
being 13 and 22 respectively. The limit of combined power for best 
definition with any objective of any given aperture may be found by 
multiplying its N.A. by 400. Example : The limit of powder for best 
definition with a § of *3 N.A. is 120 diameters. The convei'se rule 
may be stated thus : The ideal N.A. for any objective whose initial 
power is known Ciin be found by multiplying its power by *025. 
Example : The ideal N.A. for a ^ of power 20 is 20 x *025 = *5 N.A. 

It may be well for the student to pi'ove this, which may be 
readily done. 

Take a suitable object, such as a well-prepared proboscis of a 
blow-fly, and examine it under critical illumination with the 24 mm. 
•3 N.A. (= 1-inch) objective, and a 12 compensating eye-piece. 
Note with close attention every particular of the image : the 
resolution of the points of the minute hairs, the form of the edges of 
the cut suctorial tubes, the extent of the surface taken into the 
‘ field,’ and the relation of all the parts to the whole. 

1 Journ. JR. M. S. 1893, p. 12. 
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Now change the objective for the 16 mm. *3 N.A. (= but 
with the same aperture). Nothing more is to be seen ; the most 
dexterous manipulation cannot bring out a single fresh detail ; the 
resolution is in no sense cai*ried farther ; the cut suctorial tubes were 
in fact, in our judgment, better seen with a lower power, while with 
it all of course a smaller extent of the object occupies the ‘ field.’ 

It can in fact be scarcely doubted that the picture presented 
by the § is a distinct i*etrogression in every sense compared with 
that presented by the 1-inch when both are equally well made 
and have equal apertui-es, viz. *3. But beyond all this, }i)hatever 
may he done by the 16 mm. *3 N.A. can be accomplished in an 
equally sjitisfactoi'V mannei* by removing the 12 eye-piece and 
re])lacing it, with practiailly no othei- alteration, by [an 18 eye-piece ; 
and still higher results can be obtained without the slightest detri- 
ment to the image by using an eye-piece of 27. 

Not less interesting and convincing will it be to (examine the 
siurie object with a, 12 mm. *65 N.A. (= i-inch), and an A Zeiss 
achromatic of *20 N.A. (= §rds inch), using a 12 eye-piece. Those 
who may still retain some conviction as to the value of ‘low-angled 
glasses to secure penetration ’ can want no further evidence of its 
entire fallacy than such a simple expei-iment affoi'ds. 

For those who prefer it, a ti*ue histological object may be selected. 
We choose a portion of a frog’s bladdei* treated with nitiate of 
silver, in which are some convoluted vessels, enclosed in a muscular 
sheath which had contracted. 

This object is presented by photo -microgiaph in figs. 7 and 8 of 
the frontispiece. In fig. 7 the vessel in the fi'Og’s bladder is seen 
by a Zeiss A *2 N.A. magnified 140 diameters. The object of the 
photograph is to expose the fallacy which undeilies the generally 
accepted statement that low-angled glasses are the most suitable foi* 
histological purposes. The assumption is founded on the fact that 
the penetration of a lens varies inversely as its aperture, and it is 
taken foi* gi*anted that ‘ depth of focus ’ w ill be obtained, not to be 
secured by large apertui-es, and tlierefore it is taken for gi*anted 
that we are enabled to see into the structure of tissues. 

In examining the illustration (which will with advantage permit 
the use of a lens) it wall be seen that scai-cely an endothelium cell can 
be clearly seen. A sharp outline is nowhere manifest, because 
ihe image of one cell is confused with the outlines of others upon 
which it is superposed. We have seen that thei-e is no perspective 
proper in a microscopic image ; therefore it is better to use high 
apertures in objectives, and obtain a deal* view of one plane at oiu^ 
time, and train the mind to appreciate perspective by means of foad 
adjustment. 

It will be admitted that no clear idea of what an endothelium 
cell is can be obtained from fig. 7. 

But fig. 8 (frontispiece) represents the same structure slightly 
less magnified (x 138) by means of an apochromatic ^ N.A. *65, 
Here only the upper surface of the tube is seen ; but the endothe- 
lium cells can be cleaily traced, and a sharp definition is given to 
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every cell. Tlie circular elastic tissue is also displayed, while the 
whole image has an increased sharpness and perfection. 

Thus, with the objective (A *20 N.A. = |rds inch) of lower 
aperture, the endothelium cells can he seen ; but when the image is 
compared with that of the objective of wider aperture (*65 N.A.), 
the former image is found to be dim and ill-defined. The musculai- 
sheath is so ill-defined that it would not be noticed at all if it had 
not been clearly I’evealed by the objective of wider aperture. But, 
on the other hand, the objective of greater a[)ertui‘e not only shows 
the muscular sheath, but it also shows the elongated nuclei of the 
muscle cells ; and at the same time bi'ings out the convoluted vessels 
lying in the muscidar sheath as plainly as if it were an object of 
sufiicient dimensions to lie upon the table appealing to the unaided 
eye. 

We have pointed out in the proper place, ^ tliat although ‘pene- 
trating power ’ varies inversely as the numerical aperture, it also 
varies inversely as the square of the power. 

Now, from what we know of histological teaching in this countiy, 
we do not hesitate to say that a histologist would not have attempted 
to examine tlie above object with even a Zeiss A objective. He 
would have advised the use of ‘ tJte |^-inch,’ of, jierhaps, *65 aperture ; 
but by so doing he would have secured only one-tliird of the pene- 
trating power qad aperture, and one-seventh of tlie penetrating power 
power. 

It is manifest, then, that pursuing this course in the histological 
laboratory defeats the end sought, and which it is so desiiable to 
attain. 

Jt is absolutely unwise to use a higher yoa'or than is needful. 
A j-inch wdiere a i-inch would answer involves loss in many ways, 
and would never be resorted to if tlie aperture of the lenses employed 
trere as great as the power used legitimately permitted} 

A given structure, to be seen at all, must have a given aperture ; 
to obtain this, as objectives now made for laboratory purposes run, 
they are obliged to use too high a power. The result is that in seek- 
ing to avoid what is accounted the loss of ‘ })enetra ting power ’ at 
an invei'se ratio to the aperture, it is forgotten that we are losing it 
inversely as the square of the power ! 

Moreover, the two apochromatic objectives we have already 
refeired to as test lenses ai*e equally able to show the value of 
a[)ochromatism, not so much on account of the removal of the 
secondary specti iim as foi* the reduction of the aberrations depend- 
ent on the irrationality of the spectrum in ordinary achromatics. 

Use the 12 mm. *65 N.A. objective. Place a diatom in balsam 
in the focus of it on a dark ground ; the diatom will shine with a 
silvery whiteness, and the image will be wholly free from fog. 

Now take one of the best achromatics obtainable of ^-inch 
focus of 80® (almost certainly a in power) and examine the sjime 
diatom in the same circumstances ; it will be bathed in fog. If, 
liowever, the achromatic objective is an exceptionally g(K)d one, and 
we reduce its aperture to 60°, we shall get a fair picture of the 
1 Chapter I. ^ Chapter IT. 
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diatom — one indeed that was considere<l critical until that with the 
apochromatic was seen. But in comparison it is dull and yellowish. 
From which it follows that an exceptionally fine achromatic ^^,^-inch 
of 60® or *5 N.A. will not sufier comparison of the image it yields 
with that of an apochromatic i-inch of *65 N.A. 

Speaking generally on the whole question, then, it would be tlie 
utmost folly for histologists or opticians to shut theii* eyes to the 
magnificent character of the series of dry apochromatics of Zeiss, 
ranging from 1 inch (24 mm.) to ^ inch (4 mm. *95 N.A.). They 
are the most perfect and efficient series of objectives ever placed in 
the hands of the woi-ker ; and, unless English lenses on a tridy 
apochromatic principle and equal (juality are ju’odiiced, it must be 
to the deti'iment of either the opticians or the woi*ker*s of this 
country. 

Kor need it be supposed that the pi*oduction of objectives 
approximate to these must be costly ; gi*eat steps have been taken 
lately in the reduction of their cost. The manufacture of the Jena 
glass has indeed wrought an entire change in the character of 
objectives now produced ; and although the veiy finest and most 
costly apochromatics having fiuorite used in theii* construction still 
hold an unrivalled position, yet the new glass admits of corrections 
so nearly perfect that some stronger word than achromatic appeared’ 
to be needed, and the word semi -apochromatic has cre])t in and 
undoubtedly designates a most valuable and far from (;ostly set of 
lenses of all powers. Jt is Leitz, of Wetzlar, that has first and 
efficiently attacked this problem and provided the student whose 
means are limited with objectives of a very high class, and which 
come remai'kably near to tlie best ajxjchromatics. We would 
specially call attention (wholly in the interests of students) to No. *1 
(|-inch N.A. ()'28) at a cost of 156*. No. 5 is an equally valuable 
and admirable objective which is a ^-inch 0’77 N.A., the price of 
which is 256., and it comes so near to an apochromatic as to require 
expert judgment to discovei* that it is not. He also makes a dry 
I’^-inch N.A. 0 87 and a dry ^ of '82 N.A. at a cost of 5/., which 
is a very low pi'ice for so good a piece of optical work. Also an 
oil-immersion |V-inch N.A. 1'30 is sold for M. 15s. This glass is 
corrected for the long tube, and a similar N.A. 1*30 for 

5/. I'esolves secondary diatom structure well, and it is hardly dis- 
tinguishable fi-om an apochromatic lens ; and we can attest, from 
pei’sonal investigation, the value of ernffi of these, which are only 
selections from a considerable series, all of which we have found 
to be reliable, and, when examined in numbers, very few indeed 
lire below the standard quality. But such work is so much needed 
that it is not likely that, with the ghiss accessible to all, it will 
i*emain the peculiai*ity of one maker ; hence we find that Reichert 
follows Leitz so closely in quality and price that it is not easy to 
distinguish the semi-apochi*omats of one maker from the othei*. 

Reichert’s No. 3 (J-inch N.A. 0*30) is 17s., his 7a (an admirable 
lens) 4-iiich N.A. 0'87 is \l. Ifis. He makes a high-class oil- 
immersion -j^^-inch N.A. 1*30 for 81. And of apochromatic lenses 
he makes a >J-inch N.A. 0*30 and a ^-inch N.A. 0*95 for 41. each. 
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which, so fjir as we have seen them (and we have examined 
many), are excellent. Reichert’s semi-apocliromatic 4 is J^lso a fine 
and useful lens, and liis I’^-inch aj)ochromatic N.A. 1*^0 has 
qualities fitting it for use in any kind of research. 

But we confess that it is a inattei* of most plejisant surprise to 
us to find that the great American firm of Bausch and Lomb are 
putting upon the English mai'ket ohjectiv^es tliat fairly compete 
with the above in the lowness of their j)rice, while their optical 
quality and mechanical work are of the best ordei*. We have 
examined these lenses with much pleasure ; they are from the com- 
putations of Professoi* Hastings, and, considering the fact that tliey, 
ill all the higher powei*s especially, are so lo\v-])riced, their correc- 
tions and high (piality are beyond all praise. We would specially 
call attention to a J-inch, a ^-inch, and a jt,-inch which we have 
examined thoroughly and with appi*ov.al that needs no quali- 
fication when it is remembered that the most advanced Contiiienbil 
opticians have not touched a lower price. 

Messrs. R. and *T. Beck are making g<)od objectives, oil-immer- 
sion ainl other, and on6 of their oil-iinmei‘sions is .sold at the 
strikingly low figure of 4^. 

Messrs. Swift and Son are making a large number of objectives, 
(\spccially apochroiuats and semi-aj)ochroniats, and they have long 
striven to supply the student with high-quality lenses at the loivest 
])()ssible price. Thei*e (un be no doubt that the whole secret of 
success in this matter is dependent on a sufficiently large series of 
experiments to determine on the i-ight kind of glass, so as to produce 
the highest order of ‘ semi-apochromatism.’ 

Messrs. Watson and Sons have commenced the manufacture of a 
new series of objectives based on original computations. These 
promise exceedingly well. We have examined the i-inch and the 
^-inch. We find that their initial powers are 21 diameters 0*45 N.A., 
and 40 diameters 0'74 N.A., and they depeml for aplanatic results, 
which are admirable, on a. tri])le back lens. The objectives, we 
believe, will be valuable as a series when complete. They do not 
claim to be amongst the very low-priced lenses; but they claim, 
and we belit've they will pos.sess, some of the best qualities which 
.should be aimed at in niicro.scopic object-glasses. 

These facts ar(' of imporbuice to the medic^il student and to 
opticians generally. By apochromati.sed and semi-apochromatised 
objectives of tlu' highest order the work of present and future 
microscopy will be done — that is inevitable. To thoroughly under- 
stand what its very best results, theoretic^dly and pmctically, must 
be becomes the imperative aim of the optician who would be 
abreast of the dir ect wants of his time ; and to produce the nearest 
to these in objectives and eye-pieces at the lowest possible price 
is, apart from all other issues, to be a dii*ect benefactor of true 
.science. 

The Eye-piece. — The eye-piece, sometimes called the ocular, is an 
optical combination, the purpose of which is so to refract the diverg- 
ing pencils of rays which form the real object-image that they may 
all arrive at the pupil of the observer’s eye. They have also to form 
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a virtn.il imam' of* tlii' r(‘nl iina^jfo wliicli is ]>rosi‘iite(l to them tlie 
object. Foi- tills purpose a eoinbi nation is indispensable, but this 
may be vai iiMl. ITiere are ordinary and special eye-pieces. Those 
in ordinary use separate into two divisions ; (1) positive eye -pieces 
and (2) negative eye-pieces. I'liosi* ari' easily distinguished ; with 
a positive eye ]dec*e we can obtain a virtual inuuje of an object by 
using it as a simple microscope, because its focus is exterior to itself. 
This cannot be done with the iwgatlve eye-piece^ because its focus is 
w ithin itself. 

The eye-piece in common use is negative, and is generally known 
as Huyghens’s, and sometimes as Campani’s. Moncony s appeal s to 
have been the first (1665) to supply the lield-lens to the eye-lens of 
the microscope, and Hooke in 1 665 adopted his suggestion ; but 
how fai* Mon cony s was indebted for this to tlie compound eye -piece 
attributed to Huyghens cannot now be determined. 

This instrument, as commonly used in a telescope, consists of 
an eye-lens and a field-lens, each being plano-convex, having their 
convex sides towards the object, their foci being in the ratio of 



Fig. 322. — Huyglieuian eye-i)iece. Fig. 323. — Kellner eye-jiiece. 


3 : 1, and the distance between thi'in iM-iug e(pial to half the 
sum of their focal lengtlis, a diaphragm being placed in the 
focus of the eye-lens. Jn a mici o.scope a different ratio and lens 
distance is employed, the fact being that different tube lengths 
require difierent formulae. The general form of a Huyghenian eye- 
piece is shown in longitudinal section in fig. 322. This makes a 
very convenient form of eye-piece of 5 ami 10 magnifying power; 
but when the power much exceeds this last amount the eye -lens 
liecomes of deep cui'vature and sliort focus, so tliat the eye must be 
placed uncomfoi tably near the eye hais. This, howtwer, is its chief 
defect, and it may fairly be considered the Irest ordinary eye-piece. 

Another negative eye-piece is lii.it known as the AW/zer, or 
ortfioscopic. This consists ofa bi-eon\ (‘.\ field glass, and an achromatic 
doublet meniscus (bi-convex and l)i concave) (ye-lens. A vertical 
section of one so constru(-te«l is seen in fig. .bio. These eye-pieces 
usually magnify ten times, and the adxantagv they are supposed to 
give consists in fi large field of \ iew ; Imt flay’ arc not good in practice 
for this very reason; flay laki* in a field of view greater than the 
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objective can stand, and as a rule even the centre of the field will 
not bear coinpaiison in sharpness with the Huyghenian form. 

Mr. Nelson has recently computed and had made a Huyghenian 
eye-piece on a wholly new formula ^ which has the field reduced by 
about 7 inches, yet we can testify that in use it gives exceetlingly 
sharp images, and what surprises the accustomed woiker is that it 
acts admirably in the place of ‘ compensated ’ eye -pieces, giving 
i*esults that often not oidy e(|ual but surpass these. 

The power of this eye-piece is 12 ; equivalent focus, *8, corrected 
for the English tube (/>=1)*5). 

Fig. 324 is enlarged twice. 



Fid. 3*24. — Nelson’s new formula Huyghenian eye-piece. 

Data: Olass, borosilicate crown, /i=l’51, r=G4*0, Jena cata- 
logue No. 5. 

Field-lens, biconvex r= -f •94) 1 . . rr 

s=--2*94) 

Eye-lens, biconvex 'm dinn.eter -.‘lO. 

s = — I'Ul ) 

Distance of eye-lens from field-lens, measured from their sur- 
faces, -97. 

Distance of diaphragm from surface of field lens, *48. 

Diameter of hole in diaphragm, *26. 

Powei’, 12 ; equivalent focus, *53, corrected for the Continental 
tube (/;=6’3). 

Data : Class, same as before. 

Field-lens, biconvex r= + *65) t . .,r 

s=-l-98| 

Eye-lens, biconvex r'=+ -22 1 di,^,,,eter •20. 

*b6) 

Distance of eye-lens from field-lens, measured from their sur- 
faces, *66. 

Distance of diaphi*agm from surface of field-lens, *34. 

Diameter of hole in diaphragm, *16. 

These eye-pieces should enter the tube of the microscope as far 
as theii’ diaphragms. 

Positive Eye-pieces. — In the early compound microscopes the 
1 J.E.M.S. 1900, p. 165. 
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eye-pieces were all positive ; that is to Siiy, they consisted of a single 
bi-coiivex eye-lens and no field-glass. The definition with this must 
have been most imperfect ; the addition of a field-lens, though it 
were a bi-convex not in the correct ratio of focus nor the theo- 
retically best distiince, must have been considered a great advance. 

In this way matters rested, however, until the theoretic^ally 
perfect Huyghenian form was devised. Object-glasses have been 
used as eye-pieces, and all forms of loups or simple microscopic 
lenses liave been employed for the same pur- 
pose. Solid eye-pieces have also been used 
both in England and America, but with no 
results that surpassed a well-made Huy- 
ghenian combination ; but the best form of all 
of the combinations which have been tried by 
us as positive single eye-pieces are the Stein- 
lieil triple loups ; a section of one of these is 
seen in fig. 325. This combination also forms 
one of the best lenses for projection purposes 
ever constructed. J3ut a positive eye-piece was devised by Ramsden, 
consisting of two plano-convex lenses of eipial foci ; the distance 
being equal to two-thirds the focal length of one. The diaphi*agin 
was of course exterior. 

Abbe's Compensating Eye-pieces. — We have already given a 
genei*al description of the nature and action, in conne(!tion with the 
apochi’omatic objectives, of this form of eye-piec^e.^ In the section 
above on objectives we have referred to the fact that these eye-pieces 
are over -corrected ; this may be easily seen l)y observing the colour 
at the edge of the diaphragm, which is an oi*ange-yellow. If we 
compare this with the colour in the same position with a Huyghenian 
eye-piece, this will be blue, being seen through the simple uncorrectod 
eye-lens. 

There are three kinds of compensating eye-piece as designed by 
Abbe. These are: — 

1. Hearcher eye-pieces. 

2. Working ,, 

3. Projection ,, 

1 . The searcher forms are negatives of very low power, intended 
only for the purpose of finding an object ; they consist of a single 
field-lens and a doublet eye-lens. 

The irorkhuj forms are both positive and negative. The eye-piece 
for the long tube has a triplet eye-lens ; but the remainder, viz. 8, 
12, 18, and 27, when first introduced, were all positive. The 8 was 
subsequently, however, changed for a negative. Having used both, 
we are glad to learn that it is made now both positive and negative. 
It may be convenient to have the 8 a negative like the 4, but with 
regard to the 12, 18, 27 it is important that they should be positives. 

These positive foi*ms ai-e on a totally new plan, being composed of 
a triple with a single plano-convex over it ; the diaphragm is, of course, 
exterior to the lens (fig. 326). With these the definition is of the 
finest quality thi*oughout the field, which has been i*educed to about 
h inches. They present the admirable condition that with the deeper 

J Chapter I. p. 88. 





HOLOSCOPIC ” EYE-PIECES 


379 


powers the propci- position of tlu* eye* is fin-tlior from llio (‘vc lens 
than is the case with tiiose of tlie Huyglieiiian const met ion ; w hich 
makes it as easy to use an eye-piece of as great a pow(M- IK or 27 
as one of 4 or 8. 

The Jield of tlicsc (‘vc pieces lias, as w t‘ Ix^lieN t*. hecn \ (n \ w iseh' 
limited to five or si.x inelii's. The attempt ontla' part of English 
opticians to give to onr (W'e-[)ieces th;lds reacliing (“iglitceii inelics is 
an error. A microscopiir olijective with the lewdest apm tin-e has tlic 
field greatly in excess of any other opticid instrument : ami to di'al 
with such eccentrical pencils as must he engaged hy an (w e pieei* 
with a field of eighteen inches is a strain not Jnst ilaMl hv w hat is 
gained. 

The powers of the working eye-piec(‘s are also arranged in a new 
way. The multiplying powers for the long tnlu- m e 4, 8, 1 2, 1 H, 27 ; 
it will be seen at once, therefore, that they bear no definite ratio to 
one another, and if we seek to simplify the focal lengtlis we are, by 
the em|)loyment of the metrical system, confi-ontecl with de(*imal 
fractions. But without fui'ther elaboration it may be well to say 
that 12 is the most generally usi'ful eye-piece, 
and if only one compensiiting <‘y<‘- 2 )i('ce is to be 
selected, there can be no cpiestion, from a prac- 
tical point of view, but this is the best to ein- 

ploy. The 4 is too low, and ^44 uili* 

the 27 is too high for general 
pui'poses, and the 8 and 18 ai*e 
sufficiently near the 12 to give 
the latter the advantage in 
general work. We c4innot, 
however, refrain from the ex- 
pression of the opinion that a 
series of 5, 10, 20, or (5, 12, 24 yu,. »20.-Abbe’s 

powers would be in many senses compensating ;.>o 7 Waisou’s 

more useful, and would offer eye-piece of 12 holoscopic eye- 

facilities in application not se- piece, 

cured by the series of Abbe now in us(\ 

It may be well to give further mnph.asisto tlm fact Ili;it tins con- 
struction of eye-piece is not oidy essential to tlu^ ])r()[)(‘r woik ol‘ 
apochromatic objectives, but they greatly enhance the images giviai 
by ordinary achromatic Imiscs ; and it may be noted that the 8. 12. 
and 18 eye-pieces for tlu' slioi-t tube arc identical w ith 12, 18. 27 
for the long tidie. The 4 oye-piin-e foi* the short tube m;d<es a \ cry 
suitable (> power for the long tuixe 

A new series of eye-piec<‘s h.as been rectailly introduci'd by 
W. Watson and Sons, to which tluw liaxc given the timle nanu' of 
‘ Holoscopic.’ What is held to 1 h‘ a very simph' method is employed 
for rendering tlumi (Mtlau* o\'m‘ oi- nnder-eorn*cttMl. and theiadbn' 
siiit.ablc* for c'it lua- apoelironiatic or t la* ordinary .lehromat ie object is <“s. 

This cye-picce is of ilu' Huygbmiian typiv but uuliki' tlu' ordinary 
pattern the eye-lens, togetlua- witli tin* <lia pliragni. is mounti'd in a 
tube winch slides telescopically in tlu* body of t lu' cyi‘-]»i(H (\ at tlie 
lower end of winch tlu' thdd lens is fixed. Idiis is show n in tig. 427. 
When the sliding tidx' is jmshml hoim‘ as far as it will go, the eye- 


H 
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Fui. t>20. — Abbe’s 
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})i(M‘(‘ .111 iiiulrr (‘oi 1 <‘(‘t ( m 1 ()ih‘ ;uu 1 suitalile for use with the 

ordiuai v aclin anatic ohjectixe.'^; l>y di-.i\viui» out tlu‘ sliding tlll)e 
and so iiicrc'asiug the distance hetwt'cu tlu* (‘ye and field lens(\s, the 
so-eal](‘d ov(‘r-eorrection, which is a^soeiatiMl w itli the compensating 
(‘\<‘ jiieei s. cnn he obtained in vai'\ iiii: <lenit‘(^ according to the 
amount of extension. A scale is provided on the slidiiig draw -tube 
for registering any dc^sired position. 

There are theoretically two distinct acUantages with this 
eye- piece : — 

(1) It obviates the necessity for being provided wdth both Tluy- 
ghenian and compensjiting eye-pieces, because it performs the 
functions of both. 


(2) It will have been observed that with some objectives the 
compensiiting eye-piece has appeared to possess too much over- 
correction, prcxlucing the feeling in the mind of the worker that if 
it were possible to vary the correction of the eye-piece a little a 
better image could be produced ; this can theoretically be done with 
the new' ‘ Holoscopic ’ eye-piece, but we prefer a, definitely com- 
pensated, or an ordinary eye-piece. 

The initial magnifying pow'ers of this series of eye-pieces are : — 
For the 160 mm. tube length 5, 7, 10, and 14 diameters. 

„ „ 250 „ „ 7, 10, 14, „ 20 

Few the English tube length, wluu i' tlu' diaim‘t(‘r of the eye-piece 



fitting of the micioscop(‘ permits of it, specially 
large' ti<'l<l-lenses are used. 

The cost is very little greater than that of the 
ordinary Huyghenian eye-pieces. 

The projection eye-piece is mainly intended 
f(jr photo microgi a))h v. Imt it is also useful for 
drawing and exhibition ]>urposes. It is a negative, 
with a single field-lens and a triple projection- 
lens. The proj(‘ci ion-h'us is fitted with a- s[>iral 
focussing ariangcmciit. in order that the diaphiagm 
which limits the field may be focussed on to the 
screen or paper. The field of this eye-piece is 
small, but its definition is (‘A(pIi^itely sli,ii[). 

It may not be generally known that good 



photo-microgra])hs can be obtained by projection 
with the ordinary compensating working eye- 
pieces, but this is a fact worthy of note. 

It will j3erhaps be of practical utility if we 
append a table indicating the focus of the com- 
pensjiting eye-pieces wdien used with the lomj and 


Fig. .'I'JiS. — Zeiss’h the short hodff. 

^iecrNr^2 Special Eye-pieces. — The most important of 

these, the micrometer et/e-piece, we luive jxlready 
coirsldered, so far as its application to micrometry is concerned.’ 


Its optical cimracter may be properly considered here. If it is ;i 


negjitive ey<' pKcc the micrometer is placed in the foiai.^ of tlir eyi*- 
lens ; but if‘ a positive combiiuition, it is placed in the locus of the 
(‘ye-piece itself. The Hamblen form described above is thoroughly 
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Focus 

of Eye-pieces for Tjong Body. 



Power 

2 

4 

1 ^ 

12 

18 

27 

Focus in mm. 

135 

(S7‘r) 

\ 33-7 

22-5 

15 

10 

„ inches . 

5*3 

1 2-6 

1 

1 1-33 

•89 

•59 

•39 


Focus of Eije-pieces for Short Body. 


Power 

‘2 

4 

4* 

0 

H 

12 

18 

Focus in mm. . 

90 

45 

i !•'> 

30 

22-5 

15 

10 

„ inches 

3-54 

1-77 

1-77 

1*18 

•89 

•59 

•39 


Projection Fjye-pitccs. — 2 for short and 3 for long bodies = 90 mm. or 9’54 
inches; 4 for short and 0 for long bodies = 45 mm. or 1*77 in. 

suited for tins purpose, but a negative form is often employed, the 
micrometer being placed inside tlie eye-piece in the diaphmgm, i.e. 
the focus of the eye-lens. 

In order that the micrometer may be* susceptible of focus for 
various sights, it is necessary that the eye-lens in the case of a 
negative eye-piece, and the whole eye-piece in the w\se of a positive 
one, should be mounted in a sliding tube ; and one wdth a spiral slot 
will be preferable, since it makes the work of focussing both facile 
and accurate. 

If only one micT'ometer eye piece is used it should be of medium 
power, such as H-inch focus; but it is an inexpensive and a useful 
plan to have an additional set of lenses to screw on to the same mount, 
so as to make the eye-piece, say, a f-inch focus. 

Spectroscopic, polarising, goniometer, and binocular eye-pieces 

ai*e each treated under theii* respective subjects. 

Cluekett’s index eye-piece is one which has a pointer placed at 
the diaphragm, so constructed that it can be turned in or out of the 
field, and is used to point to the position of an object. 

A good plan, ^ ^nhe)i the magnification is yreat^ is to liave a dia- 
phragm irith a small aj^ertare to drop into the eye-])iece and dimi- 
nish the field of view. This not only makes the object to be pointed 
out more easily accessible to the eye. but — as we have by many 
years of observation proved — it aids in close observation upon minute 
objects by cutting off a large aiva of light without altering the in- 
tensity of what remains,- and so makes close observation more easy. 

Diaphragms with a square aperture are fitted into eye-pieces fiy 
the pui'pose of counting blood-corpuscles in a definite area. The 
hole in the diaphragm must be adjusted for a definite tube length 
and for use with a definite objective and used with no other. 

As it is directly associated witl\ the eye-piece, we shall find no 
better place to note the curious and hitherto unexplained fact, that 
when resolving striae or lines with oblique light the effect is much 
strengthened hg placing a XicoVs anal gating p^dsm over the ege- 
piece. 

Testing Object-glasses. — It will have been noted by the attentive 
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feadei* that many of the more important qualities of objectives 
are determined by the principles of their construction, and become 
in fact questions simply of the quality of the workmanship involved 
in pi’oducing the optical and mechanical parts of the object-glass. 

The quality of the woi*kmanship may be tested by technical 
means described below, and by that subtle power which comes with 
experience. This can only be imparted through the paths of labour 
and experiment, by which in every case it is reached. But, granted 
that an object has been illuminated in an intelligent and satisfactory 
iimniier, the first complete view of the image (which must of course 
be a thoroughly familiar one) will enable the expei-t to come to a 
conclusion as to the quality of a given objective. The character of 
the image to the expert determines at once the charactei* of the 
lens. This is the more absolute if a. series of eye-pieces (up to the 
most powerful that can be obtained) are at hand. Nothing tests 
the (juality of an objective so uncompromisingly as a deep eye-piece. 
For hrilUcmcf/ of image a moderate power of eye-piece is of couise 
best ; but the capacity of the object-glass is clearly commensurate 
with its ability to endure high eye-piec.es without loss of chai*acter, 
and even vsharpness in the image. Unless the objective be of high 
quality, the sharpness of the image gradually dis^lppears as the more 
powerful eye-pieces are used, until at last either all or part of tlie 
image breaks up into the ‘ i*otten’ details of a coarse lithograph. 

A lens finely corrected (with large aperture) will bear the deepest 
eye-piecing with no detriment. The 24 mm. and the 12 mm. of Zeiss 
will suffer any eye-piecing accessible to the mici'oscopist without the 
smallest surrender of the sharpness of the image. We have in fact 
tried in vain to Ma-eak down the image’ yielded by these objectives. 

This mode of testing is of course to a large extent subjective, or 
at least is controlled by incommunicable judgments. It is most 
important therefore to have a mode of judgment that shall be acces- 
sible to the beginner and the intere.sted amateur. Di‘. Abbe has 
proposed a method which is at least acce.ssible to all. 

In ordinary practice micro.scope objectives, if tested at all by 
their possessors, are simply subjected to a comparison of perform 
ance with other lenses tried upon the same ‘ test-objects.’ 

The relative extielleuce of the image seen through each lens may, 
however, depend in a great part upon fortunate illumination, and 
not a little upon the experience and manipulative skill of the ob 
server ; besides which any trustworthy estimate of the performance 
of the lens under examination involves the consideration of a suit- 
able test-object, as well as the magnifying power and aperture of the 
objective. It is knowing what is meant by a ‘ critical image,’ and 
being able to discover whether or not a given objective will yield it. 
Clearly all tests of optical instruments, which are not capable of 
nurmrical expression, must be comparative. Magnifying poioer can 
be measured numerically ; it is not comparative. In the same way 
resolving power is mathematically measurable ; so is penetrating 
power. But dejmition and hrilUancy of image, and evidence of 
ceni/i'inq, can have no numerical expression : they are consequently 
comparative. 
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The structure of the test-object should be well known, and the 
value of its ‘markings ’ — if intended to indicate microscopical dimen- 
sions — should be accurately ascertained, care being taken that the 
minuteness of dimensions and general delicacy and pei fection of the 
test-object should be adapted to the jjower of the lens. A fairly 
coi’rect estimate of the relative performance of lenses of moderate 
magnifying power may doubtless be thus made by a competent 
observer ; but it is not possible from any comparisons of this kind 
to determine what may or ought to be the ultimate limit of optical 
performance, or whether any particular lens under exainination has 
actually reached this limit. 

Assuming the manipulation of the instrument and the illumina- 
tion of the object to be as perfect as possible, and further that the test- 
object has been selected with due appreciation of the recpiirements of 
perfect optical delineation, a fair comparison «in only be drawm be- 
tween objectives of the same magnifying power and aperture. Which 
of two or more objectives gives the better image may be readily 
enough ascertained by such comparison, but the values thus ascer- 
tained hold good only for the particular class of objects examined. 
The best pei*formance realised with a given magnifying power may 
[)ossibly exceed expectation, yet still be below what might, and 
therefore ought to be obtained. 

On the other hand, extravagant ex2)ectatioiis may induce a 
belief in performances which cannot be realised. The employment 
of the test-objects most in use is moreover calculated to lead to an 
entirely one-si<led estimation of the actual working power of an 
objective — as, for example, when ‘ resolving power ’ is estimated by 
its extreme limits rather than by its general ethciency, or ‘defining 
2)Ower ’ by extent of am2)lification ra.ther than by clearness of outline. 
80 that an observer is tempted to aftirm that he can discern through 
his pet lens what no eye can see or lens show. This happens chiefly 
with the inexperienced beginner, but not unfrequently also with 
the more experienced worker who advocates the use of great amplifi- 
cation, in whose mind seimration of detail means analysis of struc- 
ture, and optically void inters2)aces jn-ove the non-existence of any- 
thing which he does not see. 

As much time is often lost by frequent repetition of these com- 
j)etitive examinations (which, after all, lead to no better result than 
that the observer finds or fancies that one lens performs in his hands 
more oi* less satisfactoia’ly than some othei* lens), it seems worth 
while to consider the value of a mode of testing which am be readily 
applied whatever its value may be. A shoi’t and easy method of 
testing an objective — not by comparison with others only, but by 
itself and on its own merits — aftbrds not only the most direct and 
jiositive evidence of its qualities to those who are more conceiaied 
in jnwing these instruments than using them, but also yields to 
the genuine worker the satisfying conviction that his labour is 
not frustrated by faulty construction and performance of his instru- 
ment. It is, however, to be borne in mind that the microscopist, in 
any scrutiny of the quality of his lenses which he may attempt, has 
no other object in view than to acquire such insight into the optical 
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conditions of good performance as will enable him to make the best 
use of his instrument, and acquire confidence in his interprebition 
of what he sees, as well as manipulative skill in examining micro- 
scopiciil objects. To the constructor and expert of optical science 
are left the severer investigations of optical effects and causes, 
the difficulties of technical construction, the invention of new lens- 
combinations, and the numei'ous methods of testing theii* laboin*s 
by delicate and exhaustive processes which require special aptitude 
and lie entirely outside the spliere of the microscopist’s usual 
work. 

Professor Abbe’s mode of testing objectives is explained in his 
* Beitrage zur Theorie des Mikroskops.’ 

The process, in our judgment, requires large experience and 
much skill to be of practical service ; but it is based on the following 
pi inciple : — 

In any combination of lenses of which an objective is composed 
the geometrical delineations of the image of any object will be moi e 
oi* less complete and accurate according as the pencils of light coming 
from the object are moie oi* less per fectly focussed on the conjugate 
focal plane of the objective. On this depend fine definition and 
exact disti'ibution of light and shade. The accuracy of this focussing 
function Avill be best ascei'tained by analysing the course of isolated 
pencils directed upon diffei*ent parts or zones of the aperture, and 
observing the union of the sevei*al images in the focal plane. For 
this pur pose it is necessary to bring under* view the c*( Elective action 
of each part of the aperture, centr al or per ipher al, while at the same 
time the image which each par t singly and separately forms must be 
<listinguishable and cajrable of corn])arison with the other images. 

1 . The illumination must therefoi*e be so i*egulated that each zone 
of the aperture shall be represented by an image formed in the upper 
focal plane of the objective {ie. close behind or above its back lens), 
so that only one nar r*ow tr-ack of light be allowed to pass for* each 
zone, the tracks representing the sever al zones being kept as far as 
possible apart fr om each other. 

Thus, supposing the working sur*face of the front lens of an 
objective to be \ inch in diameter, the image of the peircil of light 
let in should not occupy a larger* space than inch. When 
two pencils are employed one of these should fall so as to extend 
from the centre of the field to iV. inch outside of it, and the other- 
should fall on the opposite side of the axis in the outer per*ipheiy 
of the field, leaving thus a space of inch clear between its own 
inner margiir and the centre of the field. The objective images of 
the pencils occupy each a quarter* of the diameter of the whole field. 

If thr ee perrcils of light be employed, the fir st should fall so as to 
extend from the centre of the field to inch outside of it ; the 
second should occupy a zone on the opposite side of it, between the 

and inch (measur ed from the centi*e) ; and the third the 
jreripheral zone on the same side as the first in fig. 329. 

This arrangement places the pencils of light in their most sensi- 
tive position and exposes most vividly any existing defect in correc- 
tion, since the course of the rays is such that the pencils meet in 
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the focal plane of the image at the widest possible angle. As many 
distinct images will be perceived as there may be zones or portions of 
the front face of the objective put in operation by sepai-ato pencils of 
light. If the objective be perfect all these images should blend with 
one setting of focus into a single cleai*, colourless picture. Such a 
fusion of images into one is, however, prevented by faults of the 
image-forming process, which (so far jis they arise from spherical 
aberration) do not allow this coincidence of several images from 
different parts of the field to take place at the 
same time, and (so far as they arise from dis- 
persion of colour) produce coloui*ed fringes 
on the edges bordering the dark and light 
lines of the test-object and the edges of each 
separate image, as also of the corresponding Fm. 329 . Fio. 330 
coincident images in othei* parts of the field. 

It is to be borne in mind that the ei rors which ai e apparent with 
two or three such pencils of light must necessaiily be multiplied 
when the whole aiea of an objective of faidty construction is in 
action. This would appeal* to us to be the strongest reason for 
utilising the whole area, because what we are seeking is the defects 
— the errors of the objective — and to make these Jis plain as possible 
is a sine qna Dr. Abbe proceeds, however, to consider — 

2. The means by which such isolated pencils can be obtained. 

As a special illuminating apparatus, the condenser of Professor 
Abbe is recommended, or even a hemispherical lens. But we are 
convinced that the illuminating apparatus should be as nearly apla- 
natic as it can be. This is certainly not true of Abbe's chi’Omatic 
copdenser or a hemispherical lens. The reason is obvious : the 
spherical abei*i*ation wholly prevents the rays passing through the 
holes in the diaphragm from being focussed on the object — the 
silvered plate of lines — at the same thm. In the lower focal plane 
of the illuminating lens must be fitted diaphiagms (ejisily made of 
blackened cardboard) pierced with two or three openings of such a 
size that the images, as formed by the objective, may occupy a 
fourth or sixth part of the diameter of the wdiole aperture {i,e. of the 
field seen when looking down the tube of the instrument, after re- 
moving the ocular, upon the objective image). The required size 
of these holes, which depends, first, on the focal length of the illumi- 
nating lens, and, secondly, on the apertui e of the objective, may be 
thus found. A test-object being first sharply focussed, card dia- 
phiagms having holes of various sizes (two or three of the same size 
in each card) must be tried until one size is found, the image of which 
in the posterior focal plane of the objective shall be about a fourth 
to a sixth part of the diameter of the field of the objective. Holes 
having the dimensions thus experimentally found to give the required 
size of image must then be pierced in a card, in such a position as 
will produce images situate in the field, as shown by figs. 329 and 330 ; 
the card is then fixed in its place below the condenser. We are, 
however, strongly inclined to believe, partly from experiment, that 
better results would be obt^ned by putting sections of annular slits 
at the hack of the objective. If the condenser be fitted so as to 
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revolve round the axis of t]u‘ iiistninuMd , and also carry with it 
the ring or tube to winch the curd diapliragni is lixed, the pencils 
of light admitted thi*ough the holes will, by simply turning the con- 
<h‘ns('r round, sweep the face of the lens in as many zones as there 
are holes. Supj^osing the condenser to be carried on a i*otating 
sub -stage, no additional arrangement is required besides the 
diaphragm -carrier. Thus, for example, if a Collins condenser fitting 
in a rotating sub-stage be used, all that is leqiiiud is to sid)stitute 
for the diaphragm which carries the stops and apeitina's as arranged 
by the maker-, a diaphi-agm pierced with, say, thi ee openings of jj-inch 
diameter-, in which circles of card may be dropped, the card being 
pierced with holes of different sizes according to flu* directions given 
above. We doubt, however, if any sub-stag(‘ wdl revolve with 
sufficient accuracy for so delicate a test. 

Another plan ado})ted b}^ ])r. Fripp, and found very convenient 
in practice, is to mount a (-ondeiising lens (Professor Abbe’s in this- 
case) upon a sliort piece of tidre, which fits in the rotating sub-stage. 
On opposite sides of this tube, and at a distance from the lower lens 
equal to the focal distance of the comlrinations, slits are cut out 
through which a slip of stout cai-dboard can be passed across and 



below the lens. Tn the cardboard, holes of various sizes, and at 
various distances from each other, may be pi(*reed according to 
pleasure. By simply passing the slip through the tube, tlie pencils 
of light ailmitted tlu-ough the holes (whicli form images of these 
holes in the upper focal plane of the objective) are made to traverse 
the field of view, and by rotating the sub-stage the whole fxce of the 
lens is swept, and thus s(*.ii elu-d in any direction required. But here, 
again, the sphei-ical abeiration of an uncorrected condenser would, 
with an objective of large aperture, cause the obi i( pie pencils 
under some conditions to ]iass under the object ; and alteration of 
focus will not properly altei* this — at least without a disturbance of 
the focus of the obj(x-ti\<‘. 

When an instruinent is not piuvid(‘d with a, rotating sub-slage, 
it is sufficient to mount tlx* condenser on a piece of tubing, which 
may slide in the setting always provided for the diaphragm on the 
under sidi- of the sta^e. 

Card diaphragms foi- exp(*riment may be placed upon the to]) of 
a thin ])iee(* ol'tolx* (ojK'U a1 ))otli ends) mad(‘ to slide' insid(‘ that 
which cai-iies tlx* c-ond(‘nser, and ie))X)\'abl(‘ at will. Hy i-otating 
this inner tube the ]»encils of light will be inadi* to sw (•(*]) loinxl in 
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the fK'Ll, fuid tlms pennil cmcIi j nrl of the central or j <‘iij,lK‘ial zones 
to he hiou^lit into pl.iv. A;^.«insl t lie accurate value ot tins, a^ain, 
the spherical aberration of an iincorrectefl condeiisci- would sti ongly 
operate. 

Abbe’s Test-plate. — This le^t pl.iti* is intended for the (examina- 
tion of (objectives with refeinmce to their corrections for spluaical 
and chromatic aberration, and for esi im.iti n^^ the thickness of the 
cover-glass for which th(‘ spherical aberration is best cot rected. 

The test-plate consists of a series of cover-glasses, langing in 
thickness from O'OO mm. to 0*24 mm., silvered on tlu^ under surface 
and c(Mnent(Ml side liy side on a slide, the 
thickiH'ss of each being marked on the silver 
film. (J roups of parallel lines are cut through 
the films, and these are so coarsely ruled that 
they ai‘e easily resolved by the lowest powers ; 
y<‘t from the exti*eme thinness of the silver 
tli(*v also form a very delicate test for objectives 
of ev(m the higlu'sl p('\\(‘r and v\ id(‘st ajierture. 

The test-plate in its natural siz(‘ is seen in fig. 
ddl, and one of the circles enlarged is seen in 
fig. :T12. 

examine an objective of large aperture, the discs must be 
f(Kaissed in succession, observing in each case the quality of the 
image in the centre of the field, and the variation produced by 
using alternately central and vei v obli(jue illumination. 

When the objective is peiTecdly coi r(‘(;ted for spherical aberration 
for the pai’ticadai- thickness of cover-glass under examination, the 
outlines of th(‘ lines in the centre of the field will be perfectly 
sharp by oblique illumination, and without any nebulous doubling 
or indistinctness of the minute irregularities of the (Mlges. If, aftfu* 
exactly adjusting the objective for oblique light, central illumination 
is used, no alteratioTi of the focus should be nec(‘ss.ny to show th(‘ 
outlines with eipial shai piu'ss. 

If an obj('cti\ (‘ fulfils lh(*^<‘ conditions with any one of th(‘ discs 
it is fr(‘(‘ IVom spluu-ical aluu-ration whmi us('d with co\m- ol 

that thickiK'ss. On (lie other hand, if (wcis disc shows nebulous 
doubling, or an indist inct appearanc(* of tlu' (‘dg(‘s of th(‘ lim^s with 
oblique illumination, or if the objective ivquir(‘s a difi'erimt focal ad- 
justment to get (^xpial sharpness with c(‘ntial as with obli(|iu* light, 
then the spherical cori’ection of the objective is inori' or 1 « ss im- 
perfect. 

Nebulous (h'ubling with obli<jU(‘ illumination indicate'- oxta*- 
coi’rection of the marginal /on(‘ ; indistinctness of the edg»'s witliout 
marki'd nebulosilN imbcat(‘s umlcr-correction ol‘ this /om‘ , an 
alt (‘rat ion of the focus for obli(jU(* and C(‘ntral illumination (that is. 
a difiei (‘nc(‘ of plain* b(‘t w (‘(‘ii tlu' nnagt‘ in tin' pi'i iplu'i al and c(‘nt ral 
poitioiis ol‘ tin' obji'ctixi') jioints to ,m abs('nc(' of concuirf'iit action 
of tin* s('paiat(‘ zones, which may be due to t'lt hei an ,i\eiag(‘ uinh'r- 
or o\(M <*011 (‘ct ion, or to irri'gularity in the coin ('igi'uce liftin' I’avs 

Till' test of clnomatic correction is based on tlie ehaiacter of tin* 
colour bands which are visible In obliipu' illumination. W'ltli gmod 
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correction the edges of the lines in the centre of the field should 
show only narrow coloui--bands in the complementaiy colours of the 
secondary spectrum, namely, on one side yellow-green to apple-green, 
and on the othei’, violet to i-ose. The more perfect the coi rection of 
the spherical abei*ration, the cleai*er this coloui'-band appears. 

To obtain obliquity of illumination extending to the mai'gimd 
zone of the objective, and a rapid interchange fi*om oblique to 
central light, Abbe’s illuminating appamtus is manifestly defective 
on account of its spheiical aberration. We want at least his 
achromatic condenser. Foi* the examination of oidinaiy immeivsion 
objectives, the apertures of which are, as a rule, greater than 180° 
in arc (POO N.A.), and those homogeneous immersion objectives 
which considerably exceed this, it will be necessaiy to biing the 
under sui’face of the test-plate into contact with the upper lens 
of the illuminator by means of cedtii* oil, even if water-immersion 
objectives are used. We may add, as a matter of experience, that 
having once centred the light and the condenser, we hold, with 
■deference to Dr. Abbe, that the light should on no account be 
touched, which, to obtain obliquity, he advises by mirror changes. 
We believe that this should be secured solely by the movement of the 
diaphragm. 

For the examination of objectives of smaller aperture (less than 
40° to 50°), we may obtain all the necessary data foi* the estimation 
of the spherical and chromatic collections by placing the concMive 
mirror so far laterally that its edge is neai'ly iii the line of the optic 
axis, the incident cone of rays then only filling one-half of the aper- 
ture of the objective, by which means the sharpness of the outlines 
and the character of the colour-bands can be easily estimated. 

It is of fundamentid importance, in employing the test-plate, to 
have brilliant illumination and to use an eye-piece of high powei*. 
With oblique illumination the light must always be thrown perpen- 
dicularly to the direction of the lines. 

When from practice the eye has learnt to lecognise the finei* 
differences in the quality of the outlines of the image, this method 
of investigation gives veiy trustworthy results. Differences in the 
thickness of covei’-glasses of 0*01 or 0’()2 mm. cjin be recognised with 
objectives of 2 or 3 mm. focus. The quality of the image outside 
the axis is not dependent on spherical and chromatic correction in 
the sti'ict sense of the tei m. 

Indistinctness of the outlines towards the borders of the field of 
view arises, as a rule, from unequal magnification of the differ ent 
zones of the objective ; colour-bands in the peripheral portion (with 
good colour-correction in the middle) are always caused by unequal 
magnification of the diffei-ent (?oloui*ed images. Imperfections of this 
kind, improperly called ‘curvature of the field,’ are shown to a 
greater or less extent in the best objectives, when their aperture is 
considerable. 

Testing an objective does not mean seeing the most delicate 
points in an object ; it rather means the manner in which an object 
of some size is defined. 

A test for low powers up to ^ of 80° N.A. 65 is an object on 
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a diirk ground. Nothing is so sensitive. For the lowest powers 
one of the smaller and more delicate of the Polycistlnce^ because it 
takes light well, is good. For medium powers a coarse diatom, a 
Triceratium fimhnaturUy is excellent ; for unless an objective is well 
cori ected the image will be fringed and surrounded with sciittered 
light, and tlie abeii*ation produced by the cover-glass is plainly 
manifest, and by accuiate coii-ection can be done away. 

K'l'i'or of centring is one of the special defects of objectives 
which the Abbe method of testing does not covei*. But if we place 
a sensitive object in a certain direction, and when the best adjust- 
ments have given the best image, r otate that object thr ough an angle 
of 90°, only a wdl-centred objective will give an unaltered image 
throughout. If not well centred it will at certain parts grow 
fainter or sharper*. The most useful image for this purpose with 
medium powers is a hair of Polyxemis lagurits mounted in balsam 
(frontispiece, fig. fi). 

For higher powers nothing surpasses a podura scale. In this 
particular it has always been of grefit value to opticians. It should 
bo strongly marked, and must be in optical contact with the cover - 
glass ; this may be tested by means of an oil-immersion and the 
‘ verticid illuminator.’ 

The objectives of widest aperture are now' more etxsily tested, 
because homogeneous condenser’s with much wider aplanatic aretis 
are now, as we have seen, made by the leading English and 
(Jontinental opticians ; and there is little doubt but that there is a 
considerable future before homogeneous condensers. The best that 
can be done is to take a diatom, such as a Coscinodiscus, in balsam 
with strong ‘secondaries’ (Plate I. figs. 3 and 4), with the largest 
aplanatic cone that can be obtained, which at present can be best 
accomplished with a semi-apochromatic oil-immei*sion condenser of 
1'3 N.A. It must be a good objective indeed that does not show 
signs of breaking down under this strain. An illuminating cone 
of N.A. 1*0 is probably just below the point of overstrain wdth the 
best lenses at present at our disposal. 

Testing lenses therefore resolves itself into the following methods, 
viz. : — 

1. For low and medium powders : dark ground with a Polycistina 
or cl diatom, accoiding to the power. 

2. Centring for medium powders (an oi*deal not needful for veiy 
low powers) sliould be by means of a hail* of Polyxenus lagurtis^ em- 
ploying a I illuminating cone. 

3. Centi’ing for high powers : by means of podura scale. 

4. Definition : with wide-angled oil immersions, Coscinodiscus 
asteroynpJudus with wide-angled cone obbiining sharp, brilliant, 
and clear view of ‘ secondaries,’ or coarse specimen of JTavicula 
rhomhoides, which may be mounted in a dense medium. In 
testing a lens it does not so much matter what the object is, beaiuse 
the real test lies in the ability of the lens to stand a large direct 
axial cone. A lens of very great excellence will sbind a Jths cone, 
an excellent lens a |ths cone, an indifferent lens only a \ cone, while 
a bad lens will not even admit the use of that. A dark ground is a 
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very severe test, as it is of the nature of a full cone, so to speak, and 
only the lower powers will stand it. If a dark ground is required 
with the higher* objectives it can be obtairred by irsing an oil-inrriier- 
sion condenser, but the aperture of the objective will have to be 
r educed by a stop. 

The apertometer, as its name implies, is an instrument for* mea- 
sirring the apert'tire of a microscojnc ohjective. As correct ideas of 

apei’tiire have only obtained dur - 
ing the past few year's, it may be 
infer*red that apertometers con- 
strircted before the definition of 
apertirr*e was given and accepted 
were crirde and practically use- 
less. 

The controversy on the ^ apei*- 
tur*e question,’ which was iir full 
operation some eighteen years 
since, is not arr altogether satis- 
factory page in the history of 
tire modern microscope, aird for* 
nrany r-easons it is well to pass 
it unobservantly by. It will 
suffice to state that dirring its 
2 )r*ogi*ess an apertonreter* wjis de- 
vised by K. B. Tolies, of America, 
which accurately measured tire 
true apertirre of arr objective. 
About the sanre time Professor* 
Abbe gave his attention to the 
subject, and with the result, as 
we have seen, that he has given 
a defirriteand per*maneirt mearring 
to mimerical aperture^ making 
it, as we have seerr, the eqiriva- 
lent of the mathematical expr*es- 
siorr 7i sine ?(, n being the i*efrac- 
tive index of the medium, and a 
half the angle of aperture.^ 

The application of this for*- 
mula to, and its general beariirg 
rrpon, the diffraction theory of 
microscopic vision has beerr giverr 
in its proper jrlace ; but as the 
aim of this mairual is thoroirghly 
practical, we shall be pardoned for even a small measirr e of r*ej)eti- 
tion in etrdeavouring to explain the use of this for*mula iir such a 
manner that only a knowledge of simple arithmetic will be retpnred 



Fig. ‘ 633 . 


^ A knowledge of the meaning of the trigonometrical expression ‘ sine ’ is not 
necessary in solving any of the following questions. As the values arc all found in 
tables, it is only necessary to caution those who are unacquainted with the use of 
mathematical tables to see that they have the ‘ natural sine ’ and not the ‘ log sine.’ 
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to enable the student to work out any of the problems which ai e 
likely to ai ise in his practical work. 

We can best accomplish this by illustration. 

(i) If a certain dry objective has an angular aperture of 60°, what 
is its N.A. (i.e. numerical aperture) ? 

All that is needful is to find the value of 7i sine ic ; in this case 
?A=the refractive index of the medium, which is air, is 1 ; and u, 
which is half of 60° = , *10° opposite 30° in a table of natural sines,* is 
; sine u, therefore =*5, which multiplied by 1 gives *5 as the 
N.A. of a (by objective having 60° of angular apertui'e. 

(ii) What is the N.A. of a water-immersion whose angular 
aperture =44° ? 

71 ]iei‘e=l’33, the refractive index of water ; and 7i, or half 44°, 
is 22°. Sine 22° from tables=’37r), wliich multiplied by 1-33 = *5 
(nearly), which is the N.A. re(iuired. 

(iii) What is the N.A. of an oil-immei-sion objective having 38^° 
of angular aj)erture ? 

71 the refractive index of oil, which is equal to that of crown 
glass, is 1*52; ?t=19j and sine u from table= *329, which multi- 
plied by 1*52 =*7). 

Thus it is seen that a dry objective of 60°, a water-immersion of 
44°, and an oil-immersion of 38^° all have the same N.A. of *5. 

It will be well, perhaps, to give the (converse of this method. 

(iv) If a, dry obj(^ctive is *5 N.A., what is its angular aper- 
ture' ? ' * 

'5 

Here because 71 sine (( = *5, sine ; the objective being 

dry, ?i=l, therefore sine Opposite '5 in the table of natural 

sines is 30° ; hence ^a= 30°. But as 7f, is half the angular aperture 
of the objective, 2?c or 60°= the angulai* aperture required. 

(v) What is the ani^ular apertui*e of a water- immersion obiective 
whoWN.A. = -5? 

.5 .5 

Here ?i=l'33, 71 sine ?e=*5 ; .sine ?(,=-- =, -..,3= *376 ; 

’ ’ 1*33 ’ 

?(.=22° (nearly) from tables of sines; 2?t=44°, the angle re- 
quired. 

(vi) What is the angular aperture of an oil-immersion objective 
of *5 N.A. ? 

*5 *5 

Here /i=l'52, 71 sine a=*5 ; .sine 7^= -=^-;^=:-329 ; 

71 1 ‘ 0 ^ 

v^.=:19J° (by tables of sines) ; and 2a=38-^, the angle required. 

We may yet furthei- by a .simple illusti ation explain the use of 
71 .sine 71. 

In the accompanying diagram, fig. 333, let 71' represent a vessel 
of glass ; let the line A be perpendicular to the surface of the water 
C D ; suppose now that a pencil of light impinges on the surface of 
the water at the point where the pei*peiidicular meets it, making an 
angle of 30° with the perpendicular. This pencil in penetrating the 
water will be i*efi*acted or bent towards the perpendicular. The 


1 Vide Appendix A to this volume. 
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problem is to find the angle this pencil of light will make with the 
perpendicular in the water. 

To do this we must remember that n sine u on the air side is 
equal to n' sine u' on the water side. Thus on the air side ^^=l, 
i6=30°, and by the tables of sines sine 30° = *5; consequently on 
the air side we have sine ?^=*5. 

On the water side vi'=l*33, and u' is to be found. But as 

n' sine u' = n sine therefore sine tt' = ^ = *376 ; 

n 1*33 

which (as the tables show) is the natural sine of an angle of 22° 
(nearly) ; consequently a' =22° ; so the pencil of light in passing 
out of air into watei* lias been bent 8° fi-om its original dii'ection. 
Conversely a pencil in water, making an angle of 22° with the 
perpendicular, would on emerging from the water be bent in air 8° 
further avmy from the perpendicular, and so make an angle of 30° 
with it. 

Now if we suppose that these jiencils of light revolve roxmd the 
'perpendicular^ cones irould be desadhed^ and we can i‘eadily see that 
a solid cone of (50° in air is the exact equivalent of a solid cone of 
44° in water. 

If we further suppose th.at the water in the vessel is l eplaced by 
cedar oil, the pencil in air, remaining the same as before, will, when 
it enters the oil, be bent more than it was in the watei*, because the 
oil h}vs a higher refractive index than w^ater ; 'n. in this case is e(pial 
to 1*52. 

The exact position of the pencil can be determined in the 
same manner as in the previous case. On the air side, as before, 
n sine 'u='5 ; on the oil side n' sine (d :==.n sine u ; sine <^'= 

n sine n *5 i • i /i i 1 1 ^ i . 

— n' ~1*52 which (by the tallies) is the natural sine of 

19J°. It follow^s that the pencil has been bent in the cedar oil 10|° 
out of its original course, and a cone of (50° in air becomes a cone of 
38^° in cedar oil or crown glass. 

Finally, it is instructive to note the result when an incident pencil 
in air makes an angle of 90° with the periiendicular : n sine n becomes 
unity, and u in water 48 J°, in oil 41° (nearly) ; consequently a cone 
of either 97^° in water, or 824° in oil or crown glass, is the exact 
equivalent of the whole hemispherical radiant in air. In other words, 
and to vary the mode in which this great ti*uth has been before 
stated, the theoretical maximum aperture for a dry lens is equiva- 
lent to a water-immersion of 97g° and an oil-immersion of 82J- 
angular aperture. 

The last problem that need occupy us is to find the angular 
aperture of an oil-immersion which shall be equivalent to a water- 
immersion of 180° angular aperture. 

On the water side 'll = 1*33, u = 90°, sine 90° = n sine 'u^ 
1*33. On the oil side n' = 152 and u/ has to be found. 

As n' sine = n sine u, therefore sine u' = ^ ^ 

n' ““ 1*52 

=: *875; u' = 61° (neiirly) by the tables; 2u' = 122° (nearly), 
the angle required. 
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It thus appears (1) that dry and iiiiniei’sion objectives having 
different angular apertures, if of the sjime equivalent aperture, are 
designated by the same term. Thus objectives of 60° in air, or 44° 
in water, or 38^° in oil, have identically the same aperture, and are 
known by the same designation of *5 N.A. 

(2) The i^enetrating power of any objective is proportional to 

N AT’ illuminating power to (N.A.)^. Therefore, if we 

double the N.A. we halve the penetrating powei*, and increase the 
illuminating power four times. 

In comparing the penetrating and illuminating powers of objec- 
tives, however, caie must be taken to avoid a popular error, by 
making them between objectives of different foci. 

It cannot, for example, be sjiid that a ]--inch objective of -8 X.A. 
has half the penetrating power of a ^-inch of *4 N.A. Neither cfin 
it be said that it has four times the illuminating power. What is 
meant is that a ^-inch of *8 N.A. has half the penetrating and four 
times the illuminating power of a |-inch objective of *4 N.A. 

But because penetiating and illuminating powers diminish as 
the square of the foci, a ^-iiich objective of ’6 N.A. has four times 
the illuminating and nearly four times the penetrating power of a 
j-inch of *6 N.A. ; but these conditions only hold when a full 
illuminating cone is employed, in other words, when the back lens 
of the objective, as seen when the eye-piece is removed, is full of 
light. Thus if a small cone of illumination is used with the ^-inch 
objective of *6 N.A., its illuminating power would be much 
diminished, while its penetrating power would be much increased. 

The old nomenclature, in use before numerical aperture was so 
happily introduced, did not of course admit of comparisons of pene- 
trating and illuminating powers by inspection ; which, however, is 
a manifest advantage, contributing to accuracy and precision in 
important dii ectioiis. 

(3) It may be well, for the sake of completeness, to repeat ^ here 
that the I'esolving power of an objective is dii'ectly proportional to 
its numericjd aperture. If we double the N.A. we also double the 
resolving power ; and this not simply with objectives of the same 
foci, as in the case of penetrating and illuminating- powers. Thus it 
is not only true that a ^-inch objective of *6 N.A. resolves twice as 
many lines to the inch as a .^-inch of *3 N.A., but so also does a 
^-inch of 1*4 N.A. resolve twice, and only twice, as many as a J-inch 
of -7 N.A. 

Within certain limits, then, the advantage lies with long foci of 
wide angle, because we thus secui-e the greatest resolving power 
with the greatest penetrating and illuminating powers. 

From what htis here been shown, then, it becomes evident that 
the employment of the microscope as an instrument of precision is 
largely due to Abbe’s work, and that the introduction of numerical 
aperture, with its strictly accurate meaning, has been a practical 
gain of untold value. But this has been greatly enriched by his 
having introduced a thoroughly simple and useful apertometer. This 

1 Chapter 1. 
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involves the same principle as that of Tolies, but it is carried out in 
a simpler manner. 

Al)be’s instrument is presented in fig. 834. It will be seen that 
it consists of a flat cylinder oi‘ glass, about three inches in diameter 
and hall' an inch tlhck. with a large chord cut off so that the portion 
left is soiiK'what niort' than a semicircle; the part where the segment 
is cut is bevelled fi*om above downwai’ds to an angle of 45°, and it 
will be seen that there is a, small disc with an aperture in it denoting 
the centre of the semicircle. This instrninent is used as follows : — 

The microscope is placed in a vertical position, and the aperto- 
metei‘ is placed upon the sbige with its circulai* part to tlie fi’ont 
and the chord to the back. Diffused light, either from sun or lamp, 
is assumed to be in front and on both sides. Suppose the lens to 
be measui-ed is a dry ^-inch ; then with a 1-inch eye-piece having a 
large field, the centi*e disc with its apei*ture on the apertometer is 
brought into focus. Tlie eye-piece and the draw-tube are now 
removed, leaving the focal arrangement undisturbed, and a lens 



supplied with the apertometer is screwed into the end of the draw- 
tube. This lens with the eye -piece in the draw- tube forms a 
low-power compound microscope. This is now inserted into the body- 
tube, and the back lens of the objective whose aperture we desire 
to measure is brought into focus. In the image of the back lens 
will be seen stretched aci’oss, as it wei*e, the image of the circulai* 
part of the apertometer. It will appear as a bright band, bec^iuse 
the light which enters normally at the surface is reflected by the 
bevelled part of the chord in a vertical direction, so that in I’ejility 
a fan of 180° in air is formed. There are two sliding screens seen 
on either side of the figure of the apertometer ; they slide on the 
vertical circulai* poition of the instrument. The images of these 
screens ean be seen in the iiaage of the bright band. These screens 
should now he moved so tlxU their edyes just touch the 2>^'idphery of 
the bade lens. They act, as it were, as a diaphragm to cut the flin 
and reduce it, so that its angle just equals the aperture of the objec- 
tive and no more. 

This angle is now determined by the ai*c of glass between the 
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screens ; thus we get an angle in glass the exact equivalent of the 
apei'tuie of the objective. As the numerical apertures of these arcs 
are engiaved on the apei'tometei* they can be read off by inspection. 
Nevei*theless a difficulty is experienced, from the fact that it is not 
easy to determine the exact point at which the edge of the screen 
touches the periphery of the back lens, oi*, as we piefei* to designate 
it, the limit of ajyerture^ for, curious as this expiession may appeal', 
we liave found at times that the back lens of an objective is larger 
than the a 2 yerture of the objective requires. In that case the edges 
of the screen refuse to touch the peripheiy. 

On the whole we have found that a far better way of employing 
this instrument is to use it in collection with a graduated rotary 
stage^ the edge of the flame of a paraffin lamp being the illumi- 
nator. 

Thus : Set the lamp in a direction at light angles to the chord 
of the aj)ertometei*, and suppose that the index of tlu? stage is at 
The edge of the flame will be seen in tlie centre of the bright band. 
The sliding screens being dispensed with, rotation of the stage will 
cause the image of the flame to tiavel towai*ds the edge of the 
apei'ture ; rotation is continued until the image of the flame is half 
extinguished hy tlie edge of tJoe wpertare, the arc is then read, and 
the same thing is repeated on the other side, and the mean of the 
readings is taken. 

If the stage rotates truly, and if the instrument is properly set 
up, the i*eading on the one side ought to be identical with that on 
the other. 

Suppose tliat the sum of tlm readings on both sides = 60°, the 
mean reading is ('consequently »10°, which is tlie semi-angle of aperture 
of the lens in glass. From this datum we have to determine the N. A. 
of the dry ;^-inch as well iis its angular apertui*e in aird 

(i) As before, N.A. = n sine and n sine n = id sine id ; 
which means that the aperture on the air side is ecpial to the aperture 
on the glass side \ n for air; id = 1*615, the refractive index of 
the apertometer ; a/ is the mean angle measured, w’hich in this cfise 
is 80° ; and n sine u has to be fbimd. 


Now sine 30° = *5 (by the table.s) ; a' sine n! = 1*615 X sine 30° 
= 1*615 X *5 = *8 = n sine a = the N.A. required. 

(ii) Again, to find the angular aperture or ‘lu. As before, n sine n 


= n' sine n' and sine u = 


1*615 X -5 


= *8 ; = 53° 


nearly (by the tables) ; 2a = 106°, which is the angle i*e(piired. 

(iii) If it be a ivatei’- immersion we have to deal with, suppose 
the mean angle = 45° = u ' ; sine 45° = *707 (bv the tables) ; u 
= 1-33; and 1*615. 

n sine n = id sine a' = 1*615 X *707 = 1*14, the N.A. required. 


(iv) Again, sine = — 


sine a' 
n 


1*615 X *707 
1*33 


= •86; a = 59J° 


(by the tables) ; and 2 a = 118^°, the angle required. 

(v) In the case of an oil-ininiersion, suppose the mean angle 


* Vide p. 2 et seq. 
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= 60° = u ; sine 60° = *866 (by the tables) ; n = 1*52 ; = 1*615 ; 
71 sine u = sine it' = 1*615 x ‘866 = 1*4, which is the N.A. 


required. 

(vi) Again, sine it = 


1*615 X -866 
1*52 


u = 67° (by the tables), 2u = 134°, the angle required. 

It is manifest that if the refiactive index of the apertonieter 
e(juals that of the oil of cedar, the mean angle measured is the semi- 
angle of aperture of the objective, and its sine multiplied by that 
l efractive index is the numerical apertui*e. 

This will be found the more accurate and universally applicable 
method of measuring the apertures of objectives, as the extinction 
of the light shows precisely when the limit of aperture is reached. 

Powell and Lealand’s stands lend themselves admirably for use 
with the apertonieter. The body being removable, the lens can be 
placed in the upper pai t of the nose-piece, and any measurement 
c^m be accuiately made. We would advise eveiy microscopist to 
mjister the use of this admiiable instrument, and to demonstrate for 
himself the apei'ture capacity of his lenses, that he may know with 
precision their true resolving powers. It will facilitate this that 
Mr. JS’elson has shown (‘ Journ. ll.M.8.^ 1896, p. 592) that the use of 
the internal lens is not I'equired ; the point of rotation of the stage 
when the edge of the flame is eclipsed by the limiting aperture of 
the objective can be readily observed by means of a low-power eye- 


piece. 

When the apparatus is accurately set up in the manner described 
above, the exact point is indicated by the dai‘k segments coming 
across the field of the eye-piece. One daik segment will be found to 
advance slowly from one side, and then when the precise point of 
rotation of the stage is reached the other dark segment will come in 
from the other side and meet it. For this purpose the glass disc 
with its l efiactive index only engraved upon it is alone requiied. 
Messrs. Zeiss supply this at a much lower cost (25s.) than the 
engfaved disc and the supplementary lens. 

Boucher’s circular slide rule is a convenient adjunct to the 
apertometer, for the N.A. can be read off by inspection without the 
necessity of looking out sines or making calculations. 
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CHAPTER VI 

PBAGTICAL MICBOSCOPY : MANIPULATION AND PBEHEBVATION 
OF THE MICBOSCOPE 

Without attempting to occu2)y space with a discussion of the cpies- 
tion of the light of ‘ microscopy ’ to be considered a science, we may 
ventui*e to affirm that it will be but a recognition of j)ractical facts 
if we claim as «a definition of micn'oscopy that it expresses, and is in- 
tended to carry with it, all that belongs to the science and art of the 
microscope as a scientific instrument, having regard equally to its 
theoretical jainciples and its practicjil working. Hence ‘ practical 
microscopy ' will mean a discourse on, or discussion of, the methods 
of employing the microscope and all its simplest and more complex 
appliances in the most pei-fect manner, based alike and eqiially upon 
theoretical knowledge and practictil experience. 

On this condition a ‘ microscopist ’ means (or at least implies) 
one who, understanding ‘microscopy,' applies his theoi'etical and 
practical knowledge either to the further impi'ovement and pei fec- 
tion of the instrument, or to such branches of scientific i*eseai*ch as 
he may profitably employ his ‘ microscopy ' in prosecuting. He is, 
in hict, a man employing specialised theoretical knowledge and 
practical skill to a particular scientific end. 

But a ‘ microscopical society ' has a noble raison cVHre^ because 
it is established, on the one hand, to jiromote — without consideration 
of nationality or origin — improvements in the theory and practicjd 
construction of both the opticjil and mechanical parts of the micro- 
scope, and to endeavour to widen its application as a scientific 
instrument to every department of human knowledge, recording, in- 
vestigating, and discussing every refinement and extension of its 
application to eveiy department of science, whether old oi* new. 

In this sense no more practical definition of a ‘microscopical 
society ’ can be given than is contained in the invaluable pages of 
the ‘ Journal of the Royal Microscopical Society ' from the end of 
1880 to the present day ; and no better justification for the existence 
of such a society can be needed than is afibrded by the work done 
directly or indirectly by it, in inciting to and promoting the theo- 
retical and piactical progression of the instrument and its ever- 
widening applications to the expanding areas of natural knowledge. 

In this chapter we propose to discuss the best piactical methods 
of using the instrument and its appliances, the theory concerning 
which has already been discussed, while the mode of applying this 
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knowledge to biological and other investigations is entered iijion in 
the subsequent chapters of tlie book. 

To begin his woi*k with success — if his object be genuine woi*k — 
the student must be provided with some room, or poi'tion nf a room, 
which he am hold sacred to his purpose. Unless special investiga- 
tions are undertaken, it is not a large area that is required, but a 
space commanding, if possible, a north aspect, and which am be 
airanged to readily exclude tbe daylight and command complete 
darkness. 

The first recjuirement will be a futitahle table. 

This should be thoroughh\^/'7>^, and it should be rectaiiyular m 
shape. A round table, if small t‘specially, is most undesiiable, as it 
ofiei-s no suppoi’t for the arms on either side of the instrument ; and 
with prolonged work this is not only a serious, but an absolutely 
fatal defect. 

In a i*ectangular table the centre may be kept clear for micro- 
scopiail woi'k, while there are two corners at the back, one on the 
left and the other on the right hand. The former may be used for 
the locked cfise or glass shade for protecting the instrument when 
not in use ; and when it is in use, it in no way interferes with the 
usefulness of the table. In the same way the right-hand coi ner may 
be used for the cabinet of objects which is being worked, or the 
apparatus needful for use. 

The most important part of the table — that is, the middle, from 
fi’ont to back — should be kept quite clear foi* the pui*poses of mani- 
pulation, and a sutHcient space should be kept clear on either side of 
the instrument for resting the arms, and no loose pieces of apparatus 
should ever be deposited within those spaces. This soon becomes a 
habit in pi actice, for expeiience teaches — sometimes painfully, by the 
unwitting destruction of a more or less valua])le appliance. 

The spaces to the right, beyond that left foi* the aian of the 
operator, may be used for the work immediately in hand — especially 
for a second and simpler microscope. An instiriment with only a 
coarse adjustment and a 1-inch or a §-inch objective will sulhce, or 
a good dissecting-stand will answer every purpose. Those who do 
much practical work will find such a plan more rapid and moie 
eflicient than the cumbrous method of a rotaiy nose-piece, especially 
where critical wor k has to be done. 

When w'oi'k is being done in a darkened room thei*e should be 
on the oxti eme right a small lamp wuth a papei- shade. (Special 
shades for this puipose am be obtained fiom Baker, of Holboiii.) 
This light may be kept low or used for general illumination when 
required ; it is never obtrusive, and always at hand. 

A similar space on the left hand should be l eserved for a small 
1 ‘ound stand fitted with a flat cylindrical glass shade with a knob on 
the top. The stand should be suitably arranged to hold two eye- 
pieces, three objectives, one condenser, a bottle of cedar-oil (fitted 
with a suitable pointed clipper), and a box containing the condenser- 
stops. This is a most useful arrangement for such a table ; and it 
need not have a diameter greater than nine inches. 

The size for the top of smh a table should be 4^ X 3 feet, and as 
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no work, such as mounting or dissecting, may be supposed to be done 
at this table, it is well to cover the surface with morocco, that 
being very pleasant and suitable to work upon. 

It should be remembered that for a full-sized microscope a depth 
of three feet is i^equired for comfortable work When the mici’o- 
scope is set up for drawing,^ the lamp being used direct, 2 ft. 5 in. 
is the nari owest limit in which this can be accomplislied. 

Another p()int of much importance is the height of the table. 
Ordinary tables, being about 2 ft. 4 in. high, are too low even 
for large microscopes. Two or three inches higher than this will be 
found to greatly facilitate all the work to be done. It is best to 
have the table made completely, on thoroughly solid square legs, to 
the height of 2 ft. 7 in. ; but we may employ the glass blocks 
employed underneath piano feet as an expedient. It is fuilher im- 
portant to have the table (piite open underneath, and not with nests 
of drawers on either 
side, because with this 
particular table it will 
be fi‘e(piently required 
that two persons may 
sit side by side, wdiich 
is only possible with a 
clear space beneath. 

The accoiupanying 
illustration (fig, 335), 
with the appended re- 
ferences, will make quite 
clear the character of 
the table which we re- 
commend, as well as the 
mode of using it. 

The table above de- 
scribed is supposed to 
be em]d()yed wholly for 
general })urposes of ob- 
servation or research on wholly or pai*tially mounted objects. But 
the microsco})ist who aims at more than this will require an arrange- 
ment for dissecting, mounting, and arranging histological and other 
})rei)a, rations, and in some cases a special table for general purposes 
of microscopical biology. These are certainly not essentials, especi- 
ally if the woi’k done is a mei*e occasional occupation ; but where 
anything like continuity or peilodical regularity of occupation with 
such work is intended, these will be of great service. 

A dissecting and mounting table is indeed of inestimable value to 
those who aftect complete oi*der and cleanliness in the accomplishment 
of such woi*k. 

We have found in practice that a table firmly made, with a height 
of 2 ft. 6 in., semicircular in form, and a little more than half the 
circle in area on the outside, with the arc of another circle cut out 
from it to receive the person sitting at work — much after the fiishion 

1 Chap. IV. p. 287. 



Fig. 38.5. — Microscopist’a table. 

(Scale, h inch to 1 foot.) 

1. Case for microscope ; 2. Cabinet for objects ; 
8. Microscope lamp ; 4. Lamp with shade ; 

5. Stand of apparatus ; C. Book ; 7. Large micro- 
scope; 8, Second microscope; 9. Writing pad; 
10. Bull’s-eye stand ; 11. Light-modifier. 
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of the jeweller’s bench — servers admirably. A rough suggestion of 
this is given in fig. 336, which presents tlie plan of the top of the 
table. The whole area beneath should be unoccupied, but at A and 
B drawers may be put, not extending more than four inches below 
the vinder surface of the top of the table ; on the side B a couple 
of shallow drawei-s, with eveiything required in the form of scalpels, 
needles, scissors, forceps, pipettes, life-slides, (fee. in the upper one, 
and pliers, cutting jdiers, small shears, files of various coarsenesses 
and finenesses, cfec. in the other ; on the A side a single drawer con- 
taining slips, covers of vai*ious thicknesses, hone, tin, glass, and other 
cells of all (assorted) sizes, watch-glasses, staining caps or slabs, 
lifters (if used), saw with fine teeth, hones of various shapes, pewter 
plate for grimling and polishing glass, (fee., platinum capmde, camera 
liicida, three ‘ No. 2 ’ sable brushes (water-colour), (fee. 

In this way all that is needed for dissection or mounting will be 
within reach without moving from the chair ; and if by an arrange- 



ment which most moderately ingenious manipulatois could accom- 
plish, each of the ai’ticles in the drawers has a fixed place, thei*e will 
be no difficulty in finding by touch what is wanted. 

The table toj) may be of pitch pine stained black, or, still better, 
some very hard wood finished smoothly, but ‘ grey.’ 

The space in the figure immediately in front of the operator 
may be cut out to a convenient size aiul thickness. A thick plate - 
glass slab whose edges on the right and left sides shall be slightly 
bevelled, so that it may slide firmly into a prepared space cut into 
the surface of the table, should occupy this space, the surface being 
exactly level with the surface of the table. This plate of glass should 
be made black on its under side, so as to present a wniform black 
surface. This is often of great value in certain kinds of work. 
Equally useful is a p)urely white unabsorbent surface, and a slab of 
V3hite pm'celain may be easily obtained of the same size and be made 
to fit exactly into the same place. 
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In using this table for dissection the ai'ms liave complete rest, 
and 1 in the figure Avould represent the position of the dissecting 
microscope. 

2 is a suitable position for a small easily managed miorotome 
for genei-al (chiefiy botanical) pui'poses. We find that of Ryder ^ to 
answer this purpose admii-ably. 

3 is a small vessel of spirit (dilute) for use with the section 
knife. 

4 is a stand of 'mount iny 'media ^ in suitable bottles, as Canada 
halaa'm in paraffin, or xylol, glycerine, &c., as well as small bottles 
of reayents for botanical or zoological histology, 4:c. 

5 is a nest of apertures in which to 2 )lace i)artly mounted objects, 
to {)rotect them from dust, while the balsfim, dammar, <fec. may be 
hardening on the covei* .so as to be in a suitable state for final mount- 
ing. A slide may go over the slojang fiont of this and wholly ex- 
clude dust. 

6 is a stand of cements, varnishes, ifcc., such as are needful ; and 

7 is a turn-table. 

Foi- the work of dissection, when the sid)ject requires reflected 
liglit, one of the desiderata is a mode of illumination at once con- 
venient and intense. Mr. Frank R. Cheshire, F.L.S., ttc., whose work 
on ‘Bees and Bee-keejang ’ is a proof of knowledge and practice of 
minute anatomy, ado{)ts an 
old {dan which we have 
always found admii'able. It 
is illustrated in fig. 337. 

Rays of light from a lanq) 
are pai-allelised by a bull’s- 
eye full ujx)n an Abiaham’s 
prism and focussed iqion the 
object. The {uism may be 
mounted on a long maiiy-jointed ai-m, and is of most varied usefid- 
ness. A Stejdienson’s binocular is, we believe, employed by this 
gentleman, but it will serve adiniiably foi- any foi-m of dissecting 
instrument. 

For the more geneial {purpose of the piivate lalx)ratory a plain, 
fir7)i table 4 feet 6 inches X 3 feet in area, of a suitable height for 
the worker, shoidd l>e fitted as follows, viz. : if fig. 338 i*e{)resent the 
l ough plan of the hible, 1 and 2 are gas fittings attached to the main 
to sup{dy hlowpij)e, Bnnsen^s burner, itc. 

4 is a smj^l tube of metal att^iched to the water main, with a 
tap, and bent in the form of an inverteil f|, with the attached leg of 
the f\ the longer. This affords a jdeiusant stream of water for wash- 
ing dissections, «fec. ; aiid if the open end be made icith a screw, and 
have a suitably made piece of tnhiny fitted to screw on to it, this kUtei* 
7nay be attached to an indiaruhher tube, at the oilwr end of which we 
may f astern fitie glass nozzles, w hich will act as wash bottles of the 
finest bore, and serve with the finest dissecting work. 

6 is a gla.ss trough foi* waste, with a perforated aperture, 6, con- 

1 Journ, new series, 1887, p. 082. 

D D 



Fi< 5 837. — Mode of illumination for 
dissection. 
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nected with a waste-pipe, through which the waste watei*, &c. flowj> 
innocuously away. 

3 represents the position of a Thoiiia niicrotome, and A, B are two 
well-framed flat slides, which may be drawn out eighteen inches, or 

pushed fully in. They 
pl^ are found at times to 

I L be of great service, 

where the space is some- 

Ci) what confined, 

j / 2 This table may be 

(g) 3 fitted on one side (the 

6 left) at least with a set 

L drawers and shelves 

y a V for receiving various ap- 

'Ifil paratus and materials, 

. Uj with larger quantities of 

‘qffl-ll stains and reagents, 

J? hardening, macerating, 

— J otlier materials ; 

‘ 1 I I wliile if a door covers 

^ tlie whole, the inner side 

Fig. 338. Laboratory table for microscopical work. of this may be readily 

. . . fitted to receive drop- 

bottles containing all tlie .stains, reagents, and similar materials in 
constant u.se. Jf these be labelled witli paper labels saturated in a 

solution of .solid paraf- 

— - fin in turpentine, and 

/ M l ~ oA after the tur2)entine 

/ evaporatecl firmly 

II j j \ fixed on the bottle, 

v/ J ^ \ they are very perma- 

\ \ \ iicmt, and, indeed, 

Vi \ j / ^ \ better than anything 

/ \ \ have tried save 

\ \\ where the name of 

— r r "/7r^ / \ \ contents is en- 

V /// / ^ \ amelled or engraved 

I / \_\ on the bottle. 

I / It has been al- 

IJ J ready pointed out 

that there are condi- 

Fig. 389.~Tripod for using microscope in an tioiis of research in 
upright position. which the microscope 

, . . . has to be in a con- 

stantly vertical position. This was the Cftse with the researches on 
the s_aprophytic organisms made conjointly by the present Editor 
and Dr. J. J. Drysdale.^ It must always be the case where certain 
torms of continuous life stages are employed for prolonged or con- 

1 Chapter VII. 

J Monthly Micro, Journ. vols. x. to xviii. ; Journ. E,M.S. vol hi n 1 • vol v 
series n. p. 177 ; vol. vi. p..l93; vol. vii. p. 185 ; .vol. vhi. p. 177. ’ 


Fig. 389. — Tripod for using microscope in an 
upright position. 





Fig. 840. — Using the microscope in un upriglit position for special investigations 
necessitating its use in this position. 

tripod are well made and firmly braced together with metal rods. 
A, A is the bed for the tripod feet of Powell and Lealaiid's Jai ge 
stand. B is a table which slides to tlie level of A, A, or down to its 
})r(‘sent position. This is mainly to receive the laiu[). 

By this arrangement the body can so place itself as to command 
'the instrument fully, and tliere is an arrangement at the two sides, 
A, A, to receive supports on which the aims may rest wla u any 
other manipulation than that involved in working tlu* fim* adjust 
ment and the milled lieads of the .stage is lanpiiied. Tlie mamicr ol' 

D D 2 
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tinuous observations on the development of the minutei forms of 
life. 

In such cases the table is quite unsuitable, and special stands 
have to be employed that from their form give great stability to tlie 
microscope, and afford the body and head of the observer as muclv 
command and ease in using the instrument in this awkward jiosition 
as am be obtained. 

This is best done by means of a firmly made tripod, w itli a V- 
shaped piece at the top made to receive the feet of the miciosco] e. 
Fig. 339 is an outline of the construction. The three legs of the 
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using this i is src'u in lig. .‘>40. In tlmt however, 

the wliole is c'lnployed foi* thn ninking of ;i (*,nnei‘;i lueida drawing 
witli a .,\,-incli o)>je(*tive ; it is in»t a d(\siral)l{‘ [)osition for goiu'ral 
work, hilt was alrsolutely needful for I hr* kind of investigation being 
pursued ; and the [losition of tiie liasal tripod, tlie microscope upon 
it, the position of the lamp (partly seen in tlie immediate fore- 
ground to the left), and the relative ease with which the entire 
instrninent is at tin* eonnnand of ihe observer, will be manifest. 

In order to use* the mictroseojx* successfully, we must have an 

illumination the inten- 
sity of which we can 
fully lely on. Daylkfht 
has certain qualities that 
involve advantages at 
times, and under special 
ciicinnstances, in its em- 
[iloynient, hut this is the 
excejition rather than the 
rale. What is needed 
is a well-made lamp with 
a hat ha me ; this we 
should be able to control 
with great ease as to 
height and distance from 
the ini(*roscr>])(*. No- 
thing is i‘(pial ja actically 
to a li-inch or a 1-inch 
para hill lamp ; this gives 
the whitest light ai'tih- 
cially accessible save the 
higher intensities of the 
incandescent electric 
light. Hut there is no- 
thing of this kind at 
])i*esent accessible to the 
student. The employ- 
na*nt of the edge of the 
tlana* of a well-made 
pa l a hill lamp used with 
good ‘oil ’ has no proseiit 
Fig. 341. — Lamp devised by Mr. E. M. Nelson. rival. Its illuininatilig 

power should be aliout 
cAiidles, (las is much yellower, and not so easy in employment. 
To got tlif i)i*st form of microscopie^il lamp is a matter of soim* 
im|)ortan((‘. Wd* call the attention of the reader to the best simple 
form of lamp w liicii will accomplish every purpose. . This is a model 
ananged by Mr. Nelson, the drawing of which is given in hg. 
441. The lamp Imrns paraffin and has an ordinary i-inch wick 
burner. The reservoir is rectangular and Hat, filj x 4 X 1^; it 
serves three distinct ])nrpos(*s: 1st, it will hold sufficient oil to burn 
for a whole day ; 2nd, permits th(‘ lamp to be lowered near the 
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table ; 3rd, I'adiates the heat conducted l)y the metal chimney, and 
prevents the oil boiling. The burner is placed at one angle of the 
reservoir to enable the flame to be placed very near the stage of the 
microscope, which is exceedingly useful with some kinds of illumina- 
tion, especially with reflected light, with the higher powers, and for 
Powell and Lealand’s super-stage condenser. 

The hole for filling the resei-voir is phi^^ed at the dijigonal cornei* 
for convenience. The chimney is metal, with an ordinary 3x1 
glass slip in front ; the diameter of the flame-chamber should not 
exceed I 5 inch, and the grooves holding the glass slip should project 
J- inch from the flame-chamber ; the apertui*e shoidd be only inch 
long ; length of chimney should be 7 inches. Chimney should be 
dead-black inside. This chimney serves four purposes: 1st, image 
of flame is not distorted by strije and specks common to oi'dinary 
lamp chimneys ; 2nd, prevents reflexion from inner surface of 
chimney, which causes a double image of flame ; 3rd, prevents 
scattered light in room ; 4th, is not readily broken ; slips can be 
easily replaced.^ 

By rotation of chimney either the edge or flat side of the flame 
may be used. The bull’s-eye is of Herschel’s foiin, viz. a meniscus 
and crossed convex ; it is mounted on an aim which rotates cen- 
trally with the lamp flame. Unfoi*tunately, as we have seen 
(p. 332), there are errors in Sir J. Herschel’s original calcula- 
tion, and with these it has been copied by many opticians ; a, lens, 
it has been demonstrated, can be made on the Herschel formula, 
as calculated by Mr. Nelson, having a minimum aberiation. 
The arm is slotted so that the bull’s-eye may be focussed to the 
flame ; it can be fixed by a clamping screw. The bull’s-eye may 
also be elevated oi* depressed and fixed by a clamping screw, not 
shown in the illustration. The bull’s-eye, having once been focussed, 
is permanently clamj)ed, and it is brought into or taken out of posi- 
tion simply by lotation of the arm. There should be a gmove in 
the pillar with a steadying pin on the lamp to prevent rotation 
during elevation or depression. 

The form of the clamping screw is impoitant ; it should be at the 
upper part of the tube, and not at the lower, as shown in the figure. 
This keeps the screw clean from oil, which always, to a greater or less 
extent, exudes over pai'aiiin lamps. The screw should be of that 
form which closes a pinching ring I'ound the rod, and not merely a 
screw which screws on to the ro<l and biiiises it. This lamp, if 
made, as it should be, with a japanned tin r eservoir and a cast- 
iron tripod foot, is quite inexpensive. There is no justification 
for a circular foot, except that it can be r eadily and well finished 
in the lathe with better apparent results and less labour than other 
forms. 

A small lamp is made by Messrs. R. and J. Beck. We illus- 
trate it in fig. 342. 

The base. A, consists of a heavy ring, into which a square br^ass 

1 It is very important to remove the metal chimney after use, or at least not to 
leave it on when not in use, since the evaporating paraffin gathers round it and causes 
undesirable scent when the lamp is again lit. The thinnest slips should be used. 
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rod, B, is screwed. The square rod carries a socket, C, with an arm, 
D, to which the lamp is attached. 

On each side of the burner, and attaclied to the arm, 1), is an 
npriglit rod, G, to one of which the chimney is fixed, independent of 


the resei’voir of the lamp, thus enabling the observer to revolve the 
burner and I'eseiwoir, and obtain either the edge or the fiat side of 
the danK' witliont altering the position of the chimney. The 
chimnev , 1^', is jiiade of thin brass, with two openings opposite to 
each othei*, into which slide 3x1 glass slips of either wliite, blue, or 
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-opal glass, the lattei* sei'virig ns a reflector ; but we do not consider 
the 1 ‘eflexion here accomplished as other than an error ; it causes 
double i*eflexion and confuses the condensed image. 

A semicircle swings fi*om the two uprights, G, to which it is 
attached by the pins, H, placed level with the middle of the flame ; 
to this semicircle is fixed a dovetailed bar, L, carrying a sliding 
fitting, O, which bears a Herschel bulFs-eye, P. This is complex, 
and therefore costly. 

The bulTs-eye is fixed at any inclination by a milled head working 
in a slotted piece of brass, K, 
fixed to the arm, I). 

For use with the micro- 
scope in an upright position, 
when prolonged investiga- 
tions have to take place, the 
lamp becomes even of more 
impoi'tance than under ordin- 
ary circumstances. The pre- 
sent Editor devised a some- 
what elaborate apparatus of 
this kind, which he always 
•employs in this kind of ob- 
servation.^ But the essential 
part of it is only an arrange- 
ment by which a, milled-head 
movement of the entire lamp 
may take place to the right 
<)i‘ the left of the observer*, 
as well as a similar power to 
elevate or depress the posi- 
tion of the flame. When the 
microscope is fixed, and the 
rectangular prism for* illu- 
mination (in place of the 
mirror) is fixed at i*ight 
angles, the centring of the 
lamp flame upon the object 
is more readily done by nimns 
of motion in the lawjK A 
very simple form of tliis lamp 
has been made for flu* Editor 
hy Mr. Chari (‘s linker, of 
iiolborn ; it is sinm in fig. 

343, IxMiig an ordinary lamp, excej)t that tin* milk'd lu'ad to the 
right as we face t Ih' llaiiu' racks u]) and down the entire lain]), and 
the milled lu'ad Ix'iiind, and at i-ight angles to this, works a rack 
and pinion (shown in the engraving) carrying the whole lamp to 
the right or left of the middle position. T3iis lamp would be 
better, if the stndeni did not obj(*ct to the cost, to be made with a 
metal reservoir, oi at h'ast to bav(* an arrangement by means of 


1 Monthly Micros Jom n. vf.L xv. )). 105, 
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which the bulFs-eye (with a catch fixing its focus from the flame) 
were so affixed as to he carried up and down and to right and left 
with the lamp. 

When the microscope is fixed in its upright position, and the 
prism is arranged to give direct and not oblique reflexion, the lamp 
flame, by means of a card, is arranged as nearly right loi* the re- 
flexion of the image of the flame into the centre of the field as may 
be, and then a little movement in one or both milled heads will 
bring it accurately into the field. 

We may arrange the microscope for ordinarv ti ansmitted light, 
that is, for light caused to pass through the object into the object- 
glass, by placing it upon the table, arranged as already directed ; 
the instrument is then sloped to the required position, and a con- 
denser, suitable to the power to be employed, ^ is put into the sub- 
stage. The lamp is now put into the right position, with a bulFs- 
eye, on the left of the observer. The condenser is then, as described 
below, to be ‘centred,’ when the objective may be changed 
as desired, and the eye-piece altered to suit. But it shoidd be 
carefully noted that, if a]iochromatic powers are being used, there 
must be accurate adjustment of the tube length if the be«t results 

are to be obtained ; and 
^ A with any serious increase 

of the power of the objec- 
tive a condensei' of higher 
aperture and shorter focus 
must be used. 

Fig. 344. — Edge of lamp dame in centre and Often, however, as good 

focus of bull’s-eye. or better results may be 

obtained without the em- 
ployment of the mirroi* at all, tlie light being sent directly through 
the condenser from the lamp flame. Tlie mode of arrangement for 
this kind of manipulation is presented in Plate Y., where it will be 
observed that the microscope is inclined more towards the horizontal 
to suit the observer ; the lamp is directly in front of the sub-stage, 
the mirror is turned aside, and a frame (fixed upon a bull’s-eye 
stand) carrying a monochromatic screen is placed between the lamp 
flame and the condenser (sub-stage). 

By this means the light is sent into the condenser and upon the 
olyect, and is then treated as is the case (for centring) when the 
mirror is used. The first step in the direction of efficiency in the 
use of the microscope is to understand the iwinchples of illumination^ 
and a knowledge of the various effects produced by the bull’s-eye 
lies on the threshold of this. 

Having given details as to the forms of lamp which ai*e of most 
service, we assume that a paraffin lamp with ^-inch wick is used. 

If we place the edge of this flame (E, fig. 344) in the centre and 
exact focus of the bull’s-eye B, A shows the efiect of doing so. 

If a piece of card were held in the path of the l ays proceeding 
from B, the pictui^e as shown at A would not lie seen — instead of it 
an enlarged and inverted image of the flame. The image at A is 
Vide Chapter IV. p.^298. 
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obtained by placing the eye in the rays and by looking directly at 
the bulFs-eye. 


The light is so intense that ii 
lens of a 2-inch eye-piece and pi 
sing the image of the bnU’s-eye 
with care that the diameter of th 
of the bull’s-eye B ; but the in- 
tensity of the light in A depends 
on the focal length of B. The 
shortei* the focus, the more in- 
tense will be the light. 

We are here assuming 
throughout that the field lens is 
at a fixed distance from the 
bull’s-eye B. 

But if we mom the Jiame^ E 
— still centi'al — within the focus 
of B, we get the result shown 
in D, fig. 345. But by moving 
E without the focus of B we get 
the picture H, while K is the 
centred. 


'•is more pleasant to take the field 
xce it in the path of the i*ays focus- 
on a ciird. It should be noticed 
e disc A depends upon the diameter 


1 ) 



Fio. 345. — Altered relations between lamp 
flame and bull’s-eye. 


picture when E is focussed hut not 


A common error, one repeatedly met with, is that of placing a 
concave mirror, C (fig. 346), so that the flame, E, is in its iirincipal 
focus. The 1 ‘esult of this is that parallel rays ai*e sent to B. These 
1 ‘ays are brought to a focus at a distance fi om B about equal to twice 
the radius of the cur- 
vature of B and then ^ 


scattered, a totally 
different result fiom ^ 
what is aimed at. If 
the concave mirroi’, C, 

is to be of any use in Fio. 84(J. — Result of placing flame in principal focus 

illumination, it must of concave mirror, 

be placed so that E is 

not at its principal focus, but at its centre of curvature. 

The bull’s-eye gives an illustration of what is of wider application. 
The method of obtaining 
a critical image with a 
condenser by means of 
transmitted light is 
shown in fig. 347. E is 
the edge of the flanie, S 
represents the sub- stage 
condenser, and F the 
object. F is thus the 
focal conjugate of E, and 
F and E are in the prin- Fio. 347.-- Mode of obtaining critical image, 
cipal axis of S ; tliat is 

to say, these are the ridations which exist when «a condenser is 
focussed on and centred to an object. Let this be uudci stoi^d as 
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the law, and there can be hut little difficulty remaining in getting 
the best results from a condenser. 

Fig. 348 illustrates another method of getting the same i*esult. 
We may illuminate a condenser with light direct from the dame, as 

in fig. 347, or we may intei post' th(‘ 
^ mirror as in fig. 348. M is the 

plaiu^ mirroi', and, properly used, 
exactly the same result may be 
obtained as in the foiiner ciise. It 
is, however, slightly more difficult 
to set up, but the method shown 
in fig. 347 will, on the whole, be 
preferable. 

Nothing can be of more moment 
to the beginner than to understand 
the practical use of the condenser. 
We must direct the student to what 
has been stated concerning it in 
Chapter lY. But the following 
should be carefully considered. 
Fig. 349 shows a sub-stage con- 
denser, S, and an objective, O, both focussed on the same point. 
The condenser has an aperture equal to that of the objective. Now 
if the eye-piece be removed, and we look at the back lens of the 
objective, it will be seen to be full of light, as at R. The same 
thing, but with the aperture of the condenser cut down by a stop, is 
seen in fig. 350. Now only a part of the back of the objective is 
filled with light, as at T in the same illustration. 

Now it does not follow, because the back lens of the objective is 
full of light, as in fig. 349, that therefore the field ought to be full of 
light. The field only shows the bright image of the edge of the fiame^ 



Fig. 318.— Another method of getting 
critical image. 





Fig. 349. — Condenser and object-glass FiOt 8.50. — The same, with the aperture 

with the same aperture. of the condenser cut down. 


and it is /// ih((t alone that a critical jyictare can he found. If the 
colid(■n^(■l 1)(‘ r.ickcd either within or without the focus, the whole 
field will become illamhiated., but at the same time a far smaller por- 
tion of the objective will be utili.sed. On removing the eye-piece and 
examining the back lens of the objective, pictures like D, H, fig. 345, 
will be seen — 1 ) when within, and H when without the focus. 

The condition represented in fig. 349 at R and O is the s(‘\ (M c^st 
test which can be applied to the micro.scopic objective; that i.s to 
say, to fill the whole objective with light and so test the marginal 
and central portions at the same time. 

Even to obtain the state of illumination known as ‘ diffused day- 




AIobk ok op.tainixo Transmitted Light direct avithuut thi-: Aid of the Mirror. 
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light ’ with the simple miri'or when no condenser is used is frequently 
done in a most inaccurate manner. The correct method of doing 
this is shown in lig. 351. F is the plane of tlie object, C is the con» 
cave mirror, the mirroi* being placed at the distance of its principal 
focus from the object. But the manner in which it is usually done, 
from want of thought or knowledge, or both, is shown in fig. 352, 





where it is manifest that there is a total disregard of tlie true focal 
point of the mirror and its incidence on the plane of the object. 
From the impracticability of this diagram as a reju'e mentation of a 
woiking plan of illumination, we may see jit once the impoi’tance of 
having the miri’or fixed u])on a slidiny tnhe^ so that its focal jjoint 
may be adjusted 

It is also important here to note that in daylUjht illitinliiatwii a 





Fig. 352. — Erroneous method of arrangement for ‘ diffused dayliglit.’ 


plane, mirror gives a cone of illumination^ as in fig. 353, when there 
is ample sky-room ; but a window acts as a limitiuy diaphragm. 

In regard to the parallelism of the direct solar rays there is of 
course no question. But the parallelism of that portion of the solar 
light which goes to form the firmament in our own higher atmo- 
sphere is so completely broken up by refraction and refiexion 
amongst the subtle particles of this higher atmosphere that the rays 
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which constitute oiir daylight fall from every point of the visible 
heavens (though with greatly diminished intensity). That is to say^ 
we have at disposal a light source extending over 180°, while the sun 
itself extends over a visual angle of hut half a degree. Being thus 
surrounded by an illimitable and self-luminous expanse of ether un- 
dulations, the question is no longer of parallel rays only, but of light 
emanating from an outer circle above the earth upon every point of 
the earth’s surface ; and a mirror exposed to such a luminous atmo- 
sphei'e must both recei^’e and reflect from all sides and upon all 
sides. If, howe\'er, it be placed under the stage of a microscope, 
all vertical light is intercepted, and there remains nothing but the 
oblique incidence as the starting-point of the theory of illumination 
by converging light ; for it sctrrcely needs repetition that obliquity 
of incidence gives inevitable rise to obliquity of reflexion ; and it 



Fig. 358. — Light from the open sky falls upon the mirror in all directions. 

becomes equally clear that in order to strike the object the light 
must always fall obliquely the mirror. 

Then it follows from what has been said that the light falling 
from the open sky upon a mirror falls in all conceivable directions. 
Thus fig. 353 shows the lines 1 to 7, including an angle of 30°. If 
nothing intervene, the light of that sky surface must fall upon the 
mirror, a 6, and be reflected on O. The intermediate rays, 2, 3, 4, 
5, 6, form the converging illuminating pencil^ with of course an in- 
finity of others filling up the spaces between. 

In other words, every point of a mirror is a radiant of a whole 
hemisphere, and this is equally true whether the mirror he plane., 
concave., or convex^ so long as it is exposed to a boundless sky. 
Therefore a plane, concave, or convex mirror will give a cone of 
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ilhimination of which the object is its apex, no matter what the in- 
clination or distance of the mirror. The angle of the cone will be 
the angle the mirror subtends at the object — subject of course to its 
not being cut down by a stop. 

As a matter of fact, the boundless sky is an absti*action which is 
never obtained in practice ; thei*efore it practically does make a 
difference whether the plane or concave miiaor is used, and whether 
the latter is focussed on the object or not. 

The dotted lines in fig. 354 show rays filling on six difterent 
points on a plane mirror ; the continuous lines show the reflexions 
of these i-ays on the object. 

The heavy lines from either 
extremity of the mirror to the 
object show the maximum angle 
of cone that mirror will give 
in that particular position. 

Tlie influence of a limita- 
tion (as by means of a- window) 
should therefore be considered. 

The extent to which it is 
limiting, so far as its influence 
upon the illuminating cone is 
concerned, is shown by an ex- 
amination of the back of the 
lens of the objective when the 
eye-piece is removed. Fig. 355 shows the back of the objective when 
tiie plane miri’or is used, and fig. 349 E, when the concave miii'or 
is used, as in fig, 351. The beginnei* shouhl study these experiments 
by i-epeating them. 

Fig. 356 illustrates the methocl of obtaining daik-ground illumi- 
nation when the arrangement shown in fig. 347 or 348 does not give 
a sufficiently illuiiiinated area even when 
the flat of the flame is used. Of course 
it will be understood that for the dark- 
ground result a suitable stop is inserted 
beneath the sub-stage condenser. 

It has been shown by many illustia- 
tions on many subjects that cei*tain i-esults 
in ci itical work can be obtained with the 
bull’s-eye which ai‘e not so accessible with- 
out its use. But Mr. T. F. 8mith has 
made this clear regai-ding the structui*e of cei’tain diatoms. 

This, there ctui be no doubt, is due to the fact that the pai-allel 
rays, falling on the sub-stage condenser, shm'teii its foms and in- 
crease the angle of the cone of illumination. It will be noticed that 
when the bull’s-eye is introduced the condenser will need racking- 
up. At the same time we prefer illumination as in fig. 347 or 348, 
except in cases where illuminating cones of maximum angles are 
required. Thus it will be little needed with trairsmitted light 
except when oil-immersion objectives of large aperture ar*e used, 
because illuminating cones up to *9 N.A. can be obtained with good 



Fig. 355. — Image at the back 
of the objective when day- 
light and a plane mirror are 
used. 



Fig. 354. — With the open sky, light is 
focussed at al) points. 
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condensers by the method shown in fig. 347. But when the micro- 
scope is of necessity used u])right the rectangular pi isni or the plane 
mirror must be used, fig. 348. 

The arrangement at fig. 356 is sometimes useful for photo- 
micrography when it is otheririse impossible to illuminate the whole 
field. But in ordinary aises it is better to contract the field than 
use a bulbs-eye, as it invariably impairs the definition. 





Fi(t ase. — Illumination for dark ground (with 
stop beneath the condenser). 



^ In reganl to this last figure it will be iindei*stood that (as before) 
B represents the edge of the fiame, J;} the bull’s-eye, M the mirror, S 
the ^condenser under the stage, and F the ])lane of the obejct. 

The .same result as the above may be obtained by the concave 
mirror (as .shown in fig. 357) in.stea<i of the bull’s-eye. But this 
is a veiy difficult arrangement, yielding the best resu'lts only with 
great application and care. 

But the supreme folly of using a concave mirror and a bulVs-epe 



is shown in fig. 358, where C is the concave mirror and (as before) S 
the sub-stage condenser ; this secures a result— a.s will be seen by the 
1 elation of the light to the condenser (S) — which is jis far from what 
IS sought and desirable as it can well be, while another lesson of 
great importance may be learnt from fig. 359, which illustrates 
tie of not having the edge of the flame E in the pidncipal focus 
of the hull s-eye B. The rays converge on the condenser B, so that 
1 will bec(5ine in all proliability impossible to focus it on the 
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object. This is a lateral lesson on the value of having the bull’s- 
eye fixed to the lamp, so that both may be moved together ; and 
there ahoidd be a notch in the slot or arm which carries the 
bull’s-eye to denote when the flame of the lamp is in its principal 
focus. 

The above are fundamental principles of illumination, and if the 
si.udent is to succeed ns a manipulator he must demonstrate and re- 
demonstrate them, and become master of their details and what they 
collaterally teach. 

We may, however, with much advantage give them a larger and 
more detailed application to the practical setting up of a dark- 
ground illumination, as in fig. 356. 

Let an object such as a tricaratium (diatom) be taken, and sup- 
pose that the objective employed is a f-inch of ‘28 N.A. We must 
first adjust the lamp and bull’s-eye, as in fig. 344, and get the edge 
of the lamp flame extended to a disc as at A. 

Xow let a small aperture be put into the condenser and a tri- 
ceratium on the stage and the f objective on the nose-piece. 

The microscope being })ut into position, the lamp should be 
placed on the left-hand side of it — a lamp with a fixed buH’s-eye is 

© 
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assumed — and it should now be arranged as to height, so that the 
rays from the buir.s-eye should fall fairly on the jflane mirror, this 
latter being inclined so as to reflect the beam on the back of the 
sub- stage condenser. 

Kow, with any kind of light, focus, and place in the centre of the 
field, the triceratium, as in fig. 360 ; then rack the condenser until 
the small aperture in its diaphragm comes into focus ; centre this 
to the triceratium, in fig. 361. Rack the condenser closer up 
until the buirs-eye is in focus, as in fig. 362. 

Here it happens that the bull’s-eye is not in the centre, and it is 
not nniforwly filled \mth light, bnt has instead two crescents of light. 

’Hiis is a case which frecpiently repeats itself, but it is of course 
not inevitable. The bull’s-eye may be more or less filled with light, 
and may or may not be more nearly centred. In this case we have 
next to centre the image of the bull’s-eye to the triceratium by 
moving the mirror, as in fig. 363. 

Rut it will be noticed that this centring of the image of the 
bull’s-eye does 7iot rectify the diffusion of the light. This will be at 
once done by moving the lamp with attiiched bull’s-eye ; this motion 
requires to be a kind of rotation in azimuth round the wick as an 
axis. The relative positions of the lamp and hulVs-eye must 
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account he altered^ and it is understood tliat the lamp was adjusted 
to the picture A in fig. 344 by inspection and without the micro- 
scope. A very slight movement in azimuth, however, is enough to 
efl[ect the desired end (fig. 364), and all that now remains is to open 
the full aperture of the condenser and put in the smallest stop ; if 
this does not stop out all the light, a larger one must be tiied ; but 
it is of the gi*eatest importance that the smallest stop possible be 
used, a very little difterence in the size of the stoj) making a remark- 
able difierence in the quality of the pictui'e. Hence the need of a 
large and varied supply of stops with all condensei’S. 

On account of some residual spherical abeii ation the condensei* 
will probably have to be i-acked up slightly to obtain the greatest 
intensity of light. 

In fig. 364 the expanded edge of the flame covers the triceratmm. 
When the whole aperture of the condenser is opened the size of that 
disc will not he altered, its intensity only will be 

^ increased. When the stop is placed at the back 

/ \ of the condenser, only in that pai’t of the field 

j \ represented by the disc of light will the object 

I B / \ B 1 be illuminateci on a. dark ground. If, therefore, 
\ light does not cover the object or ob- 

jects, bring the lamp nearei* the miri'or. The 

^ size of the disc of light depends on three things : — 

Fig. 364. «. The diameter of the bulTs-eye. 

/3. The length of the path of the rays fcom 
the bulVs-eye to the sub-stage condenser. 

y. The magnifying power of the condenser. 

If a and y are constants, the oidy way of varying the size of the 
dark field is by /3. * 

In the same way the intensity of the light in tlie disc de})ends on 
thi*ee things. 

A. The initial intensity of the illumination. 

B. The angular apei ture of the bulTs-eye. 

C. The angular aperture of the sub-st.age condenser. 

If the student will thoimighly and pi*a.ctically understand the 
above series of single demonstrations, and ponder such inevitable 
variations as pi*actice will bring in i-egai d to them, the ‘ difliculties 
of illumination ’ will have practically passed away. 

Tltere are tivo kinds of miiyi'oscojncal work — one, the moi*e usual 
and comparatively easy, is the examination of an object to see some- 
thing which is known. The other is the examination of an object 
in search of the unknown. Thus some blood may be examined 
for the purpose of finding a white coipuscle. It matters little 
what is the quality of either the lens or the illumination or the 
microscope, or whether the room is darkened or not, because the 
observer knows that there is such a thing as a white corpuscle. It 
is quite immaterial as to whether the observer had ever seen one or 
not ; so long as he possesses the knowledge that there is such a thing, 
the finding of it, even under unfavoui*able conditions, will be an 
easy task. 

But if the obsei’vei* has not that knowledge, he may examine 
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lAood many times, undei* favourable conditions, and yet not notice 
the pi esence of a white corpuscle, and that, too, with one immediately 
in the centre of the field ; this, moreover, is a large object. 

It is only those in the habit of searching for new things who can 
appreciate the enormous difficulty in first l ecognising a new point. 
Thei'efoi'e, when ciltical woi*k is undei*taken, c.are should be exercised 
to have the conditions as favourable as possible. 

When working with artificial light all naked lights in the room 
should be avoided. 

It is quite uni'easonable to expect the i*etina to I'emain highly 
sensitive if, whenever the eye is removed from the eye-piece, it is 
exposiMl to the glai-e of a naked gas flame. 

At the same time thei-e shoidd be ample light on the microscope 
table, as it is not at all necessary or desirable that the work shoidd 
be insufficiently illuminated. All that is required is that the lamps 
should have sliades and be placed at such a height that the direct 
rays do not entoi* the observei*’s eye. 

If these precautions are taken, several hours’ continued work 
may be carried on without any injurious effect. 

Some observers use only the left eye, some the right, othei*s the 
right or left indiscriminately. 

It seems immatei*ial wliich is used, it being merely a matter of 
habit, as tliose who aie accustomed to use one particular eye feel 
awkward with the other. In continuous work, extending over many 
months of long daily observation, if the eye has been accustomed to 
monocular vision, ev^en With high })owers, there is no difficulty 
experienced. The elfect of years of work with optical instruments 
on those possessed of strong noiinal sight seems to be an increase 
in the defining perception accompanied by a decrease of the 
perception of brightness. Those accustomed to use one particular 
eye with micioscopicjd work, and who liave done much work, would, 
if they looked at, say, the moon with that eye, see more detail in it 
than if the othei* eye wei*e used ; at the same time it would not 
appear as bright. 

If there is too much light, as there often is, when large-angled 
illuminating cones are usetl, it is as well to interpose between the 
lamp and the microscope a piece or pieces of signal green glass ; this 
softens the light and removes the objectionable yellowness, a feature 
of illumination not due to the light from the edge of a paraffin lamp, 
which, as we have stated, is not pai ticulai ly yellow. Great yello\o- 
ness is a. sign of imj)erfect achromatism in an objective. We ’may 
with precisely the same conditions find the images yielded by two 
objectives of the same power and apei*tui-e differ, in so much as one 
is yellow and dim and the other white and bright; other things 
being equal, the white and bright image is to be preferred. It is 
necessaiy to say ‘other things being equal,’ because an objectiye 
. which gives a blight and a white image may nevertheless be inferior 
to the one giying the yellow and dim pictui*e. Thus if the planes 
of the lenses of which the objective is composed are not at right 
angles to the optic axis there will be serious defects in the image, 
although it is bright and white. This fault is known in practice as 

E £ 
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an error of centring, which also means the error of not placing the 
axes of the lenses in the same straight line ; so both faults are 
described by the same term. 

It should be undei'stood that signal green glass will not yield 
monochromatic illumination ; oidy the Gifford screen or the filter 
screen of Prof. Miethe (^.v.) or the Nelson spectroscopic arrange- 
ment {q^v.) can be of real service. 

Coloured light derived from a polariscope and a selenite is not 
monochromatic . 

For critical work^ stick as testiuq lenses oi* foicing out the greatest 
resolution with the widest-angled oil-immersion lenses, daylight 
illumination is inadmissible. 

When daylight illumination is used, a northern aspect, or at least 
one away from direct sunlight, is to be prefei i*ed. 

It is a good plan, where it is possible, to ai range the table so that 
the window is at the observer’s left hand. The mici*oscope should be 
placed in a direction parallel to the window, and the light refiected 
by the mirror through a right angle. A sci eeii may be placed parallel 
to the window which just allows the miiroi* of the microscope to 
project beyond it. This cuts off direct light from the stage and 
from the obsei vei ’s e}'es. 

A concave mirror with the object in its piancipal focus is the best 
for diftused daylight illumination. The diaphragm should not be 
close to the stage. When delicate microscopical work is carried on, 
it is importiint to remember that the human eye c^ui woi k best when 
the body is in a state of ease. If there is any strain on the muscles 
of the body, or if the observer is in a cramped position, vision will 
be impaired. Consequently, where permissible, a mici’oscope should 
always be mcUiied, and the observei’ seated in such a way that the 
eye can be brought to the eye-piece in a perfectly natural and com- 
fortable manner. The body should also be steadied by resting the 
ai’ms on the table. 

It is advisable to use the bull’s-eye as little as possible ; even with 
dark-ground illumination the flat of the flame is preferable, reserving 
the bull’s-eye for those cases where the flat of the flame will not cover 
enough of the object. Generally speaking, if the whole field is re- 
quired to be illuminated on a dark ground, a bull’s-eye will be neces- 
sary ; but for an object such tis a single diatom the flat side of the 
lamp flame will usually be large enough. 

In examining diatoms or other objects, such as the karyokinetic 
figures in very minute nuclei of microscopic organisms, or other obscure 
and undetermined parts of such forms of life, it is most important, 
amongst other means, to i*esort to the use of large solid cones ; what 
they teach and suggest can scarcely be neglected by the searcher for 
the unknown. Professor Abbe does not advise their employment as 
in any way final ; he says that ‘ the resulting image produced by 
means of a broad illuminating beam is always a mixture of a multi- 
tude of partial images which are more or less different and dissimilar 
from the object itself ; ’ and he does not conceive that there is any 
ground for expectation ‘ that this mixture should come nearer to a 
strictly correct projection of the object . . . than the image which 
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is projected by a narrow axial illuminating pencil/ This is a weighty 
judgment, and should receive full consideiation. At the same time 
the use of wide and solid cones is so full of suggestive results that 
we must employ them with all possible control by other means of the 
images they present. This is the more a necessity since Mr-. Nelson 
has been able to obtain the most wonderful results with naia ow cones, 

‘ true ghosts ’ and ‘ false ghosts,’ the pi*esence of ‘ intercostal markings’ 
in the image of a fly’s eye (!), and many complex and false images 
with the coarser diatoms. But with wide cones he has proved that 
these false images cannot be produced ; and that when the true image 
is I’eached by a wide cone, the image is not altered by any change of 
focus, but simply fades in and out of focus ‘ as a daisy under a 
4-inch objective.’ 

Mr. Nelson has photographed all these results,^ and we have seen 
them demonstrated. Whentlieory and practice ai*e thus at variance 
we must pause for further light. 

If it is required to accentuate a known structui’e, as thepcr- 
f orated membrane of a diatom can be done by annular illumination, 
which means the same arrangement as for dark ground, but with a 
stop insulHciently large to shut out all the light. This method is not 
to be i*ecommen(lod when a structure is unknown, as it is also liable 
to give false images. It must be i*emarked that diatom and other 
delicate structure, when illuminated v^'\\\\nnarrow-ancjled cone^ gives 
on slight focal altei*ations a i^ariety of patterns like a kaleidoscoj)e ; 
with a wide-angled cone a single structure gives a single focus, i,e 
it goes completely out of focus on focal alteration. When a large- 
angled and a wide-angled objective are used a change of pattern only 
occiu*s when the structure is fine. This practical observation has its 
value, and must not be foigotten. 

properly display objects under a microscope is to a certain ex- 
tent an ai’t, for it not only demands dexterity in the manipulation 
of the instrument and its apjdiances, but it also requires knowledge 
of what sort of illumination is best suited to the particular object. 
At this point we think it advisable, especially in the interests of 
beginners, to clearly point out the best method of commencing* 
microscopic work by centring the condenser and arranging the 
light for the critical examination of an object. 

1st. Place a power of about a § on the nose-piece, and a B oi* 
No. 2 eye-piece in the tube. 

2nd. Use as a source of illumination the light from a paraffin 
lamp with a ^-inch wick. 

3rd. Place any suitable object on the stage, and, having focussed 
it with any kind of illumination, centre it to the field of the eye- 
piece. 

4th. Place a small diaphi agm beneath the sub-stage condenser, or 
close the iris. 

5th. Rack the condenser until the hole in the diaphragm is in 
focus (in the plane of the object). 

6th. If the hole in the diaphi*agm should not be central to the 

^ Journ, R. M. S, 1891, p. 90, pi. II. 
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object on the stiige, it must be centred by means of the sub-stage ad- 
justing screws. 

7th. Rack up the condensei* until the image of the flame comes 
into focus. 

8th. Oenti*e tlie image of tlie flame to the object on the stage by 
moving the position of the lamp, and place the lamp so that the 
edge of the flame is presented. In pei-forming this adjustment the 
sub-stage centring screws must on no account be moved. (If a mirroi* 
is employed, the centring of the image of the flame upon the object 
can be eflected by moving the miri‘or.) 

9th. The object to be examined may now be substituted for that 
used foi‘ centring purposes, jind be placed in the image of the edge 
of the flame. 

10th. The objective by which the object is to be examined is 
placed on the nose-piece and the object bi*oiight into focus. 

1 Ith. Tlie eyo-})iece is removed and the back lens of the objective 
is examined. The diaphragm at the back of the condenser is tlien 
altered so that threc-foui-ths of the back lens of the objective is filled 
with an unbroken disc of light. 

12th. Tlie eye-piece is replaced and the objective brought into 
adjustment either by sci*ew collai* or by altering the tube length. 

13th. If it is necessary at any time to use a large field for a rough 
sui’vey of an object, or to localise any jiarticular portion of an 
object, all that is necessaiy is to i-ack down the condenser until the 
whole field becomes illuminated ; but when any pai*t i*equires critical 
examination the condensei* must be racked up again and the image 
of the edge of the flame focussed on the object. 

Foi* learning the manijmlation of the instrument no class of 
objects are as suitable as diatoms ; they are also an excellent means 
of training the eye to appr*eciate critical images. For a general view 
of the larger diatoms take a spi'ead slide in balsam ; a of 80°, a 
good binocular, ami a dark-ground illumination will give a fineeftect. 
This is not nieiely a j)retty object, but it is also a very instructive 
one, because we obtain a fixr cleai ei* idea of the contour of various 
iliatoms than can be obtained in any other way. The diatoms should 
be studied and worked at in this manner most carefully and for a 
long time. The same identicjd specimens should be then viewed with 
transmitted light. This lesson, if conscientiously learnt, will teach a 
student how to appi*eciate form by focal alteration. This is a most 
important lesson, and, if several days are spent in mastering it, they 
will be far from thiown away. Diatoms, especially the larger forms, 
•are seen very well w/ien mounted ch'y on cover by means of a J-inch 
objective and a Lieherkuhn ; the bull’s-eye and the plane mirror should 
Le used. Some objects are so transparent, or become so transparent 
in the medium in which they are mounted, that they will not bear a 
large illuminating cone, the brightness of the illumination destroying 
the contrast. It will illustrate this when we rec^all that dirt on an 
eye-piece which is quite invisible in a strong light becomes im- 
mediately apparent in a feeble light. Thus animalcules require a 
small cone of illumination when they are being examined, particularly 
with a J-inch objective; for a general view of ‘ pond life’ a 1^-inch 
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objective with a dark-ground illumination, employing a binocular, is 
very suitable. Stained bacteria in tissue are best seen with a large 
cone^ as was pointed out by Dr. Robert Koch, and is directly supported 
by Dr. Abbe as suitable in his directions for the use of the Abbe 
condenser.^ The brilliancy of the illumination obliterated the thin 
tissue which is in a medium whose refractive index is similar to 
itself. The bacteria, which are opjujue with pigment, then stand 
out boldly. A bacterium not in tissue is always better seen by 
means of a lai*ge cone, provided that the objective is properly 
corrected. The very minute hairs on the lining membiaiie of the 
blow-fly^s tongue, if examined by a § objective and a narrow cone, 
appear thickened, shoi*ter, more blunted, and often split into two 
parts. This is shown in figs. 2 and 3 in the frontisj)iece. Fig. 3 is 
a critical image magnified 510 diameters. A lens should be used to 
examine this. 

It will be seen that the hairs, especially the long central one, are 
very fine and spinous. They have not the ring socket common to 
insect hairs, but grow directly from a delicate membrane. 

This photogi-aph was taken with an apochromatic \ of *95 N. A . 
and No. 3 projection eye-piece ; and it wiis illuminated by means of 
a large solid cone of '65 N.A. from an achromatic condenser. 

Fig. 2 is an uncritical image, with all the conditions as above, 
save that a cone of small angle, i.e. of 0‘1, was used for illumination. 

The first alteration which thrusts itself upon the eye is the 
(louhliny of the hairs which are in the least degree out of focus. 
But, further, it will be noted that there is a bright line with a dark 
edge round the hairs which are precisely in focus ; this is a diffraction 
effect, always, in our experience, present in objects illuminated by 
cones of insufficient angle, and it can be easily made to disappear by 
widening the cone. As the illuminating cone is enlarged they become 
sharper and longei*, and their edges become more definite. But 
nothing is gained, but rather a distinct lo.ss is incurred, by making 
the illuminating cone much larger than three-fourths of the objective 
cone. 

As an example of erroneous interpretation, the representation of 
the pygidium of a Ilea by some leading sources of information of a 
few years ago may be instanced. It was a special test of many 
authoi's, and has been carefully figured ; this shows that it is not an 
accidental erroi-, which it might have been if it wei'e meiely an 
oidinary object ; it is an error depending in all probability' on a 
faulty system of illumination. Moi*eover, the error cannot be attri- 
buted to the object-glasses of the time, Jis it is a low-power object, 
and the low powers of that day were quite as good as those lately in 
use. In the descriptions and in the drawings, often beautifully 
executed, the hairs proceeding from the centre of the wheel-like 
discs are represented as being ‘ stift' and longish bristles,’ thick at 
one end and tapering oft’ to a point. And the small hairs i-ound 
are described as ‘ minute spines ; ’ in the drawing they are like the 
spinous hairs of an insect, and hav’e the usual socket-joint at the 

^ Directions for the Use of Abbe's Illuminating Apparatus — a leaflet issued by 
Carl Zeiss, 1888. 
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base. In reality tlie ^ stiff and longisli bi'istle ’ is an exti emely long 
and deliciite filament, totally unlike a bristle, being not tapered but 
of nearly uniform thickness. I'he ‘ minute spines ’ ai*e in reality 
very curious hairs, and, as far as we at present know, unlike any 
others. They ai*e delicate, lambent, bulbous hairs. What they 
most resemble are the tentacles of a sea-anemone, and there are two 
tubes discoverable which are imixu-tant and comparatively lai’ge ob- 
jects. There appeal’s to be considei’able probability that this inte- 
l esting object upon the last ring of the body of the fiea, and known 
as its ‘ pygidiiim,’ acts as an auditory instrument.^ In the examina- 
tion of ordinary stained histological and pathological sections by 
ti-ansmitted light, unless some very delicate point is sought, the con- 
denser shoidd have a stop, so that when the back of the objective is 
examined the stop is seen cutting into the back of the objective by 
about a thii*d. This in some instances may be inci-eased to a half by 
diminishing the cone, but it is not advisable to use anything less 
than a half unless it is absolutely necessary. As we have pointed 
out above, high-class objectives will stand a ^ cone perfectly, and very 
special objectives will bear even a ^ cone ; but for the ordinary run 
of objectives ^ will be found as much as they are able to bear— some 
indeed will not stand a i cone. Thus, to put it in round numbei's, 
an illuminating cone ’2 N.A. is \ ery suitable foi* ordinary work with 
the apochromatic 1-inch and § objectives, and one of A N.A. for the 
}j and and one of *6 N.A. for the | and {f. It is a good plan to 
have one oi* two stops cut to give special cones, the N.A. of which 
should be engraved on them. This subject is one of great import- 
ance, as more than nine-tenths of all microscopic objects are 
examined by means of transmitted light. 

Let us now notc^ the eftect of laige cones on the simplest object. 
A mici'oscope is set up having jin achromatic condenser with an iris 
<liaphi*agm ; let three good wide-angled objectives be chosen, say 
1-inch, i-inch, and |-inch dry. Let the object be the one we have 
already studied to some extent in this relation, viz. one of the stili‘ 
hjiirs on the maxillary j)alpus of the blow-fly’s tongue ; place the 
1-inch on the nose-piece, open the full apertui'e of the condenser and 
get the instrument into perfect adjiLstment. Now’ close the iris. The 
hair will be Muiounded by a luminous border, which Avill give it 
a glazy appearance, and its fine jxant will be blurred out. Now 
open the iris until the last trace of that glaziness disappears. The 
hair w ill a 2 )pear as a different object, its outline being perfectly clear 
and sharp. If the eye-piece is removed, about two-thirds of the ob- 
jective back will be full of light. Now, without disturbing any of 
the adjustments, replace the 1-inch by the and it will be found 
that the glaziness oi* false light will liave letui ned. Let the iris 
be further opened until the last trace of it disappears ; now, on 
examination of the back of the objectiv^e, tw o- thirds of it will be found 
full of light, and so on with the We call the attention of the 
student to these facts as having a direct bearing upon the question 
of the comparative effects of large and small illuminating cones, and 


^ Micros. Journ. April 24, 1885 : ‘ Pygidium of Flea ’ (E. M. Nelson). 
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with no idea of offering opposing opinions to those of Professor Abbe ; 
we have no direct judgment, but we record these facts as factors in 
and foi* the elucidation of the (piestion. It is pei'haps better* to test 
the ^ on some of the more minute hairs which are studded over the 
' delicate lining membrane. The same results will be obtained. Thus 
it would apj)ear to suggest itself that this glaziness depends on the 
relation of the aperture of the illummatiny cone to that of the objective 
cone. Apochromatic objectives behave precisely as achromatic ob- 
jectives in this respect. Of course, if the hair becomes pale and in- 
distinct on the opening of the ii*is, it shows that there is uncorrected 
spherical abei*i*ation in the objective ; another objective must there- 
fore be used ; that paleness has notliing whatever to do with the 
glaze or false light mentioned above. 

In photo-micrographs of bacteria one frequently sees a white halo 
round them. We have never been able to demonstrate what this is ; 
sometimes it denotes the presence of an envelope, and sometimes it 
is the result of the use of too small a cone of illumination. Photo- 
micrography with a small cone is quite easy, as great contrast can 
be secured. With a large cone the difficulties begin — difficulties 
of adjustment, difficulties of lens correction, difficulties of exposure, 
and difficulties of development. If, so far as our experience goes, 
a good photo -micrograph is i*equired, these difficulties must be 
mastered. 

It is hardly necessary to remind the student that in micrometry 
it is essential that the edges of the object should be defined ; conse- 
(jiiently a large cone mast then be employed. 

For the examination of Poly cystines, Foi'aminifera, ifec., a binocular 
is useful ; illumination may be by a Lieberkiihn if mounted dry, and 
by dai*k ground by a condenser if mounted in balsam. Parts of 
insects should be usually examined with dark-ground illumination ; 
whole insects are seen best with the Lieberkiihn, and the binocular 
should be used for both. 

Home of this class of objects are best seen under double illumina- 
tion’, that is, a da/rk ground with a condenser and light thrown from 
above icith a silver side-reflector, as the Lieberkiilm cannot be used in 
conjunction with an achromatic condensei*. It is a good plan with 
low-power Lieberkiihn work to interpose between the slip and the 
ledge a strip of plain glass ^-incli wide ; this prevents the ledge 
stopping out light from the Lieberkiihn when it is larger in diameter 
than the slip. Mr. Julius Rheinberg has recently brought to a 
high state of perfection a system of colour illumination, and the 
special importance of the choice of suitable colours. It is of much 
interest, but cannot be condensed in the space at our disposal. The 
full paper will be found illustrated in ‘ Journ. R.M.S.’ 1896, p. 373, 
and the ‘ Journ. R. M. S.’ for 1899, p. 142. 

Polarised light used with a condenser is very useful for insect 
work. For vei y low-power work — such as the usual botanical sec- 
tions — it is a good plan to give up the cone, and place a piece of fine 
ground glass at the back of the condenser ; and with lamplight it is 
as well to use a Gifford’s screen with it. With objectives of greater 
angle than *6 N.A. it is usually difficult to get satisfactory illumina- 
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tion with a dai*k gi’ound. The best that can be done is to use an 
oil-immersion condenser with a suitable stop ; this will give a good 
dark ground up to *65 N.A., but it will fail if the object is dry on 
the cover. Generally speaking, the only way of accomplishing this 
with objectives of wider apertui-e is to reduce the aperture of the 
objective by a stop placed at the back. 

Wlien a condenser is united by a film of oil to a slip, if the slij) 
is thin, the oil invar iahhj runs dotni irhen the condenser is focussed. 

The following is a method 
by which this may be en- 
tii'ely pi'evented. A piece 
of thick cover-glass al)out 
‘02 inch, and 1 inch s(piare, 
has a strip of thicker glass, 
^ inch broad, cemented by 
shellac to one edge. This 
piece of glass is oiled to 
the slip, the ledge being 
hooked over the top of the 
slide ; this not only pre- 
A'ents its slipping down, 
b\it also keeps the oil from 
creeping out at the bottom, 
which would be the case if the tvo edges of the glass coiiudded.^ 
This is illustrated in fig. 365. 

In its proper place we have dealt with the suitalde relation of 
aperture to power, and have pointed out the irresistible nature of 
the contentions and teachings of Abbe on the subject. Here a 
direct practical presentation of the matter may be of service to the 
student. 

A normal unaided human eye can divide ^ inch at ten inches. 
Consequently a mici'oscope with a i)Ower of 200 should be capable of 
showing structure as fine as 5000 ,, inch. Now, as this power can be 
made up by ^-inch objective and a 1 -inch eye-piece, it follows that 
sufficient aperture ought to be given to the i-inch to enable it to 
resolve 50,000 lines per inch. This ^ will be *52 N.A. The inch 
objective should have half this apertui e, and the ^ double, and the 
^ four times as much, if perfect vision is rerpiired ; in other words, 
*26 N.A. for every 100 diameters.^ These ideals have (as we have 
before indicated) been realised, notably by the Zeiss kpochromatics, 
the 1 -inch and the ^-inch resolving everything capable of being 
appreciated by the eye when the 12 compensating eye-piece is used. 
The J-inch is also a near approach to the ideal, as it has been very 
wisely kept a dry lens. The oil-immersion ^-in. of 1*4 N.A. witli 
a 6 eye-piece also attains the ideal. This relation of aperture to 

‘ -Q. M. C. Journal, November 1885. 

* In reality it will require more, because an axial cone in assumed to be used 
instead of an oblique beam. 

5 English Mechanic, vol. xxxviii. 1883, No. 979. — E. M. Nelson. 

This lens, with an 8 compensating eye-piece, will resolve a Pleurosigma 
angulatnm with an axial cone ; this is the lowest power with which it has ever been 
done. 



Thin slip of glass with 
ledge to place glass 
slip with oil contact, 
so as to vary the 
thickness of a slide. 



Slide in situ on thin 
slip with ledge. 
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power is very significant, and should be carefully pondered by those 
who still desire low apertures as the only perfect form of objectives. 

It is as well to mention that objectives may be arranged in two 
series — one the 2, 1, and the other H, One of 

these series will foi'iii a complete batteiy, as it is unnecessary to 
have objectives differing from the next in the sei ies by less than 
double the power. 

The most usual combination is perhaps the 1 and the ^ of one 
seides, or the f and the ^ of the other. Of these two preference 
might rather be given to the latter. The only excejjtion would be 
the addition of a 1^-inch for pond life. 

Eye-pieces should also double the power thus : 5, 10, and 20 
(uncompensated), or 6, 12, and 27 (compensated), the most useful of 
the three being the 10 (uncompensated) and the 12 (compensated). 
As there is no 6-power compensated eye-piece for tlie long tube, a 4 
foi* the short tube admii*ably answers tlie purpose. 

In addition to the explanations already given on the subject of 
testing objectives, it may be useful here to note that the qualities of 
an objective are seven in number : — 

1. Magnifying power (initial). 

2. Aperture or N.A. 

3. Hesolving power. 

4. Penetiating powei*. 

5. Illuminating power. 

6. Flatness of field. 

7. Defining powder. 

1. Magnifying 'pov^er. — No test is recpiircd, as the initial magni- 
fying power can be directly measured. 

2. Aperture or N.A. can be directly measured ; no test is there- 
fore necessary. 

3. Resolving jyower. — A lens illuminated by a large solid axial 
cone, when a Gifford’s screen is used, should resolve a number of 
lines to the inch expressed by its N.A. multiplied by 80,000.^ 

4. Penetrating povjer is the reciprocal of the I’esolving power of 

. No test needed, but penetrating power varies largely with 

the combined magnifying power-, and also w ith the magnitude of the 
illuminating cone used, as ali-eady intimated. 

5. Illuminating power is the square of the numerical aperture 
(N.A.)'-^. No test is necessary, but the remarks made above in 
regard to penetrating powei- apply equally here. 

6. Flatness of field is, in the strict meaning of the term, an 
optical impossibility. The best thing therefore is to contract the 
visible field, as is done in the compensating eye-pieces. (Tests : For 
low powers a micro-photograph ; for medium and high powers a stage 
miciometer.) 

7. Defining power depends on {a) the reduction of spherical 
aberration, {h) the reduction of chromatic aberration, (c) the perfect 
centring of the lenses — by which is meant (i.) the alignment off 

1 J.B.M.S. 1898, p. 16. — E. M. Nelson. 
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their optic axes, (ii.) the parallelism of their planes, (iii.) the setting 
of theii* planes at right angles to the optic axis. 

Definhiij power c^in only he tested by a critical image. The 
following is a list of suitable objects of wdiich a critical image is to 
be obtained, using a solid axial cone of illumination equal to at least 
thi*ee-foui ths of the aperture of the objective. 

Vertf low powers (d-, 2-, and l-J-inch). — Wing of Agrion pul- 
chellum ^ (dragon-fly). 

Low powers (1 and §). — Proboscis of blow-fly. Large diatoms 
on dark ground. 

Medium potrers (i, and low -angled j). — Minute hairs on 

pi'oboscis of blow-fly ; hail- of pencil-tail (Polf/.v67tus lac/urits) ; 
diatoms on a dark ground. This last is a most sensitive test ; uidess 
the objective is good thei-e is sure to be false light. 

Meditnn 2W7cers (with w-ide apei ture). — Pleurosigma formositm ; 
NaviciUa hp'a \i\ balsam or styrax ; Plearosiyma ai}(pdatimi dvy on 
cover ; bactei ia and micrococci stained. 

High jyowers (wade aperture and oil-immersion and jL). — The 
secondary structure of diatoms^ especially the fractui-e through the 
perforations ; Xaricida rhomhoides from (Iherryfield in balsam or 
styrax ; bacteria, and micrococci stained. 

Test w ith a 10 or 12 eye-piece, and take into account the general 
wdiiteness and lirilliancy of the picture. 

The jiodura scale is not mentioned as a test, as it may be very 
misleading in unskilled hands. One great point in testing objectives 
is to know^ your object. Care must be exercised to ascertain by 
means of vertical illuminator if objects such as diatoms dry on the 
covei* are in optical contact with the cover-glass. Testing objectives 
is an art which can only be acquii-ed in time and with expei ience 
gained by seeing large numbers of objectives. 

In the manipulation of the microscope it is not uncommon to 
observe the opei*ator rolling the milled head of the fine adj astinetd 
instead of firmly grasping it between the finger and thumb and 
govei-ning, to the minutest fraction of arc, the amount of alteration 
he desii-es. It is undesirable and an entirely inexpert pi*ocedure to 
i-oll the milled head, and cannot yield the fine results which a deli- 
«ite mastei-y of this pai*t of the instrument necessitates and implies. 
To use ai-ight the fine adjustment of a first-class mici-oscope is not 
the first and easiest thing mastei-ed by the tyro. We have already 
intimated that the fine adjustment should never be resorted to while 
the coarse adjustment can be efficiently employed. The focus should 
always be found, even with the highest powers, by means of the 
coarse adjustment. It is only a clumsy microscopist who brings his 
objective by means of the coarse adjustment near the cover-glass and 
looks at the distance he is off it either by the eye or by the aid of a 
hand magnifier, and then completes his work with the fine adjust- 
ment. In every case the focus ought to be found by the coarse 
adjustment, and the working distance should be felt by the finger 
tilting the slide gently against the front of the objective. Also the 
examination of objects for depth of structure with low and medium 
powers up to the cliy or ^-inch objective should be performed by 
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the coai se adjustment ; only the very finest details, such as the podura 
‘ exclamation’ marks, require the fine adjustment. 

Beyond the correct and judicious use of the mici'oscope and all 
its appliances, there is the matter of the elimiiiation of errors of in- 
terpretation to he carefully considered. 

The correctness of the conclusions which the microscopist will 
draw i-egarding the natui*e of any object fi'om the visual appearances 
which it presents to him when examined in the various modes now 
specified, will necessarily depend in a great degree upon his previous 
experience in microscopic observation and \ipon his knowledge of 
the class of bodies to which the particular specimen may belong. 
Not only are observations of any kind liable to cei'tain fallacies 
arising out of the pi*evious notions which the observei* may entertain 
in regard to the constitution of the objects or the nature of the actions 
to which his attention is dii*ected, but even the most practised ob- 
server is apt to take no note of such phenomena as his mind is not 
})i-epared to appreciate. Eri*ors and imperfections of this kind Ciin 
only be cori'ected, it is obvious, by goneial adv^ance in scientific 
knowledge ; but the history of them affords a useful warning against 
hasty conclusions drawn fi'om a too cursoiy examination. If the 
history of almost aatf scientific investigation were fully made known, 
it would generally appear that the stability and completeness of the 
conclusions finally arrived at had only been attained aftei* many 
modifications, or even entire alterations, of doctrine. And it is 
thei'efore of such great impoi*tance as to be almost essential to the 
correctness of our conclusions that they should not be finally formed 
and announced until they have been tested in every conceivable 
mode. It is due to science that it should be burdened with Jis few 
false facts and false doctrines as possible. It is due to other truth- 
seekers that they should not be misled, to the great w^aste of their 
time and pains, by our erroi-s. And it is due to ourselves that we 
should not commit our re})utation to the chance of impairment by 
the premature formation and public-jition of conclusions which may 
be at once reversed by othei- observers better infoimed than our- 
selves, or may be pi’oved to be fallacious at some future time, per- 
ha])s even by our own more extended and carefid researches. The 
saspemion of the judgment whenever there seems room for do\iht is 
a lesson inculcated by all those philosophei s who have gained the 
highest l epute for practical wisdom ; and it is one which the micro- 
scopist cannot too soon leai ii oi- too constantly practise. Besides these 
general wai*nings, however, cei*tain special cautions should be given 
to the young mici-oscopist with regard to ei*rors into which he is 
liable to be led even when the very best instruments are employed. 

Errors of interpretation arising from the imperfection of the 
focal adjustment are not at all uncommon amongst micioscopists, 
and some of the most seiious arise from the use of small cones of 
illumination. With lenses of high power, and especially with those 
of lai-ge numericfil apei-ture, it very seldom happens that all the 
parts of an object, however minute and flat it may be, can be in 
focus together; and hence, when the focal adjustment is exactly 
made for one part, everything that is not in exact focus is not only 
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more or less indistinct, but is often wi-ongly represented. The in- 
distinctness of outline will sometimes present the appeai*ance of a 
pellucid border, which, like the diffraction-band, may be mistaken 
for actual substance. But the most common eri-or is that which is 
[produced by the reversal of the lights and sliadows 1 ‘esulting from tlie 
i-efractive powei's of the object itself ; thus, the biconeavity of the 
blood-discs of human (and other mammalian) blood causes their 
centres to appear dm'h when in the focus of the mici*oscope, through 
the diveigeri(‘e of the lays which it ocicasions ; but when they ai*e 
brought a little within the focus by a slight approximation of the 
object-glass the centi’es api)ear brigliter than the peripheial parts of 
the discs. The student should be warned against supposing that in 
all cases the most positive and stvikimj a.ppearance is the truest, for 
this is often not the case. Mr. Slack’s optical illftsion, or silica-crack 
slide, ^ illustrates an error of this description. A drop of water holding 
colloid silicji in solution is allowed to evapoi’ate on a glass slide, and 
when quite dry is covered with thin glass to keep it clean. The 
silica deposited in this w^ay is curiously cracked, and the finest of 
these cracks can be made to present a very positive and deceptive 
appejirance of being I'aised bodies like glass threads. It is Jilso easy 
to obtain diffraction-lines at their edges, giving an appearance of 
duplicity to that which is really single. 

A very important and very freipient soiiice of error, which 
sometimes operates even on experienced micioscopists, lies in tlu‘ 
refractive intiuence exerted by certain peculiarities in the internal 
structure of objects upon the rays of light transmitted through 
them, this intiuence being of a nature to give i*ise to appearances 
in the image, which suggest to the observer an idea of their cause 
that may be altogether difterent fi*om the reality. Of this fallacy 
we have a ‘ pregnant instance ’ in the misinterpretation of the nature 
of the lacunae and canalicaU of bone, which w^ere long sup[)osed 
to be solid corpuscles with radiating filaments of peculiar opacity, 
instead of being, as is now univei-sally admitted, minute chandlers 
with diverging passages excavated in the solid osseous substance. 
When Cantwia balsam tills up the excavations, being nearly of the 
Siiine refi'active powei’ as the bone itself, it obliterates them 
altogether. So, again, if a person who is unaccustometl to the use 
of the microscope should have his attention directed to a preparation 
mounted in liquid or in balsam that might chance to contain air- 
huhhles, he will be almost certain to be so much more strongly 
impressed by the appearances of these than by that of the object, 
that his first remark will be upon the number of strange-looking 
black rings which he sees, find his first inquiiy will be in regard to 
their meaning. 

Although no experienced microscopist could now be led astray 
by such obvious fallacies as those alluded to, it is necessaiy to 
notice them as warnings to those who have still to go through the 
same education. The best metlwxl of learning to appreciate the 
class of appearances in question is the comparison of the aspect of 
globules of oil in water with that of globules of water in oil, or of 
^ Monthly Microscopical Journal, vol. v. 1872, p. 14. 
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bubbles of air in wjttrr oi- ( \Miia(la ]>alsaiii. Tin’s cornjjai ison may 
be very readily made hy slmkin^' iij) some* oil with water to wliieh 
a little gum has Ixam a<ld(Ml, so as I 0 form jin emulsion, oi- by 
simply |)la(*ing a dro[» of oil of liirpentine (coloured with magmita 
()]• earmiiK') and ;» di’o]) of wat(‘r logetlaa- upon a, slide, layi)iy a thin 
glass cover over them, and then moving the cov(m* haekwai'ds and 
forwards several times on the slide. Ecpially instiaielive are the 
appearances of an air-bid)bh' in \\;iter and Canada halsain. 

The figures which illnst rat (‘ the appearance at various points 



Fig. 866. — Air-bubbles in (1) water ; (2) Canada balsam ; (3) fat-globules in water. 


of the focus of an air-bubble in water .and Canada balsiim, and of .a 
fiit-globuh' in wafer, mav 1m‘ thus illustrated, vi/. a diaphr.agm of 
about f of a mm. being pl.aced .at ,a distance of 5 mm. beneath the 
stage, .and the conca\(‘ mirror ex.aetly centred. 

A ir-hiihldef^ hi No. 1 (fig. dih)) re])resents the different 

ap})earanc‘es of an .air-bid)ble in water. On hnaissing the objective 
to the middle of the liubble (B), the centre of th(‘ image is setm to be 
very bright — brighter than the re.st of the field. It is sui roundcMl by 
u greyish zomg and a soimwvh.at broad black ring interrupted by one 
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or more brighter circles. Round the black ring are again one or 
more concentric circles (of diffraction), brighter than the field. 

On focussing to the bottom of the bubble (A) the centi’al white 
circle diminishes and becomes bi*ighter ; its margin is sharpei*, and 
it is surrounded by a very broad black ring, which has on its 
periphery one or more diffraction circles. 

When the objective is focussed to the upper surface of the 
bubble (C) the central circle increases in size, and is surrounded by 
a greater or less number of rings of various shades of grey, around 
which is again found a black ring, but nai*rowei* than those in the 
previous positions of the objective (A and B). The outer circles of 
diffraction are also much more numerous. 

Air-hiihhles in Canada halsam . — Canada balsam being of a 
higher refractive index than water, the limiting angle, instead of 
being 48'^ 35', is 41° only, so that the rays which ai*e incident much 
less obliquely on the surface of sepai-ation undergo total reflexion, 
and it will be only those rays which face very close to the lowei* 
pole of the bubble that will I'each the eye, and the black maiginal 
zone will therefore be much larger. This is shown in fig. 366, No. 2. 

When the objective is focussed to the bottom of the bubble 
(A'), we have a small cential circle, brighter than the i*est of the 
field, all the rest of the bubble being black, with the exception of 
some peripheral diffraction rings. On focussing to the centre (B') 
or upper part (O') of the bubble, we have substantially the same 
appearances as in B and C, with the exce])tion of the smaller size 
of the central cii cle. 

Fat-glohides in imter (fig. 366, No. 3). — These illustrate the 
case of a highly refracting body in a medium of less refractive power. 

When the objective is adjusted to the bottom of the globule A", 
it appears as a grey disc a little darker than the field, ami sepaiate(l 
from the rest of the field by a darkish ring. 

Focussing to the middle of the bubble (B"), the central disc 
becomes somewhat brighter, and is suiTounded by a nairow black 
ling, bordered within and without by diffiaction cii*cles. 

On further removing the objective the daik ring incieases in 
size, and when the upper part of the bubble is in focus, we have 
(C") a small white central (lisc, brighter than the rest of the field, 
and sharply limited by a bi-oad, daik ring which is blacker towards 
the centre. 

These appeai-ances ai*e the converse of those presented by the 
air-bubble. That, as we saw, has a black ling and a white centre, 
which are the sharper jus the objective is approached to the lower 
pole of the bubble. The fat-globule has, however, a dark ring 
which is the broader, and a centre which is the sharper, according 
as the objective is brouglit nearer to the upper pole. 

These considerations, apart from their enabling us to distinguish 
between air-bubbles and fat-globules, and preventing their being 
confounded with the histological elements, enable two general 
principles to be established, viz. bodies which are of greater re- 
fnictive power than the suirounding medium have a white centre 
which is sharper and smaller, and a black ring which is larger when 
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the objective is withdi*awii ; whilst those which are of less refractive 
power have a, centre which is whiter and smaller, and a black ring 
which is broader and darker when the objective is lowered. 

Monochromatic light . — The same phenomena are observed by 
yellow moiiochi'omatic light, except that the difii'action fi*iiiges are 
more distinct, fui*ther apai*t, and in greater numbers than with 
ordinary light. 

A fat-globule, indeed, seems to l)e composed of a series of con- 
centric layers like a grain of starch. With blue light these fringes 
are also multiplied, but aie closer together and finei*, so that they 
are not so easily visible. 

Yellow monochromatic light, therefore, constitutes a good 
means foi* determining whether the stiate seen on an object ai*e 
})eculiar to it or are only difii’action lines. In the former case 
tliey ai‘e not exaggerated by monochromatic light ; but if, on the 
contiaiy, they are found to be doubled or quadrupled with this 
light, we may be certain that they are diffraction fringes. 

But there is no source of fallacy, to a certain class of workers, so 
much to be guarded against as that arising fi‘om errors in the inter- 
pretation concerning movements as such, and especialhj concerning 
the movement exMbited by certain very minute particles of matter in 
a state of suspension in fluids. The movement was first observed in 
the fine granular 2 :)articles which exist in great abundance in the 
conteiits of pollen grains of plants known as the fovilla^ and which 
are set fi'ee by crushing the pollen. It was first supj)Osed that they 
indicia, ted some special vital movement analogous to the motion of 
the spermatozoa of animals. But it was discovered in 1827, by Dr. 
Robert Brown, that inorganic substances in a state of fine trituration 
would give the same result ; and it is now known that all substances 
in a sufficiently fine stjffe of powder are affected in the same manner, 
one of the most remarkable being the movement visible in the con- 
tents of the fluid cavities in quartz in the oldest rocks. These have 
[)robably I’etained their dancing motion for a^ons. A good illustra- 
tion is gamboge, which cun be easily rubbed from a water-colour 
cake upon a glass slip and covere<l, and will at once show the 
characteristic movement ; so will carmine, indigo, and other similarly 
light bodies. But the metals which are from seven to twenty times 
as heavy as watei* lequire to be leduced to a state of minuteness 
many times greater ; but, ti-iturated finely enough, these also show 
the movement, for a long time known, fcom the name of its dis- 
coverer, as Brownian movement, but now more generally called 
pedesis. 

The movement is chiefly of an oscillatory nature, but the particles 
also rotate backwards and forwards on their axes, and gradually (if 
persistently watched) change their places in the field of view. It is an 
extremely characteristic movement, and could not be mistaken for 
any vital motion by an observer acquainted with lK)th ; but the 
student must familiarise himself with this kind of motion or he will 
be utterly unable to distinguish certain kinds of motion in minute 
living forms in certain stages of their life from this movement, and 
will make erroneous inferences. 
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The movement of the smallest particles in pedesis is always the 
most active, while in the majority of ctises particles greater than the 
.•voVijth of an inch are wholly inactive. A drop of common ink 
which has l)een exposed to the air for some weeks, or a drop of fine 
(!lay (such as the pi*epai*ed kaolin used by photographers), shaken up 
with water, is l ecomm ended by Professor Jevons/ who has recently 
studied this subject, as showing the movement (which he designates 
2 yedesi 8 ) extremely well. But none of the particles he has examined 
is so active as those of pumice-stone that has been ground uj) in an 
agate mortar ; foi* these are seen undei* the microscope to leap and 
swarm with an incessant <piivei‘ing movement, so raj)id that it is 
impo.ssible to follow the coui’se of a particle, which probably changes 
its direction of motion fifteen or twenty times in a second. The 
distance through which a particle moves at any one bound is usually 
less than an inch. This ‘ Brownian movement ’ (as it is 

commonly tei-med) is not due to evaporation of the liquid^ for it 
(jontiiiues without the lea.st labatement of energy in a droj) of aqueous 
fluid that is completely suri-ounded by oil, and is therefore cut ofi* 
from all possibility of evaporation ; and it has been known to con- 
tinue for many yeai’s in a small (piantity of fluid enclosed between 
two glasses in an air-tight case ; and for the same reason it can 
sc^ircely be connected with the chemical change. But the observa- 
tions of Pi’ofessor Jevons {loc. cit.) show that it is greatly affected 
by the admixture of various substances with water, being, for 
example, inci*eased by a small admixture of gum, while it is checked 
by an extremely minute admixture of sulphuric acid or of various 
saline compounds, these (as Professor Jevons points out) being all 
such as increase the conducting power of water for electricity. The 
rate of subsidence of finely divided clays or other particles suspended 
in water thus greatly depends upon the acti\'ity of their ‘ Brownian 
movement,’ tor when this is brought to a sbind the particles aggre- 
gate and sink, so that the liquid clears itself.^ 

Pedetic motion depends on, that is, is affected by — 

1. The size of the particles. 

2. The specific {jrarity of the imrticles. Metals, or particles of 
vermilion, of similar size to particles of silica or gamboge, move much 
moi*e slowly and less fiecpiently. 

8. The nature of the liquid. No liquid stops pedesis, but liquids 
which have a chemical action on the substance do hindei* it. This 
fiction may be veiy slow ; still it tends to agglomerate the particles. 
For insbince, bai-inm sulphate, when precipitated from the cold 
.solution, takes a long time to settle ; whereas, when waiin and in 
presence of hydi*ochloi’ic acid, agglomeration soon occurs. Iron pi*e- 
cipitated as hydrate in presence of salts of ammonium, and mud in 
salt water, ai*e other instances. The motion does not cease, but the 
particles adhere together and move very slowly. 

But besides the right appreciation of the natui’e of pedesis, 
there is the utmost caution requii*ed in the interpi’etation of the 

^ Quarterly Journal of Micro, Science, N.S. vol. viii. 1878, p. 172. 

2 See also the Rev. J. Delsaulx, ‘On the Thermo- dynamic Origin of the Brownian 
Motions,’ in Monthly Journal of Microsc. Sci. vol. xviii. 1877. 
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rapidity of movement^ and hind of movement^ which living and motile 
forms effect. 

The,' observation of the phenomena of motion under the microscope ^ 
has led to many false views as to the nature of these movements. 
If, for instance, swarm-spores are seen to traverse the field of view 
in one second, it might be thought that they race through the water 
at the speed of an airow, whereas they in reality traverse in that 
time only a third part of a millimetre, which is somewhat more than 
a metre in an hour. It must not, therefore, be forgotten that the 
rapidity of motion of microscopical objects is only an apparent one, 
and that its accurate estimation is only possible by taking as our 
standard the actual ratio between time and space. If we wish, for 
the sake of exact comparison, to estimate the magnitude of the mov- 
ing bodies, we may always do so ; the ascertainment of the real 
rapidity remains, however, with each successive motion, the princi- 
pal matter. 

If a, screw-shaped s]^ii*al object, of slight thickness, revolves on 
its axis in the focal plane, at the same time moving forward, it 
presents the deceptive appearance of a serpentine motion. Thus it 
is that the horizontal projections of an object of this kind, corre- 
sponding to the successive moments of time, appear exactly as if the 
movement were a true sei*pentine one. As an example of an appear- 
ance of this nature we may mention the alleged serpentine motion 
of Spirillum and Vibrio. 

Similar illusions are also produced by swarm- spores and sperma- 
tozoa ; they appear to describe sei'pentine lines, while in reality they 
move in a spiral. It was foiineily thought that a number of differ- 
ent appeai'ances of motion must be distinguished, whereas modern 
observers have recognised most of them <^is consisting of a forward 
movement combined with rotation, where the revolution takes place 
sometimes round a central, and sometimes round an eccentric, axis. 
To this categoiy belong, foi- instance, the supposed oscillations of 
the oscillatorice, whose changes of level, when thus in motion, were 
formerly unnoticed. 

In addition to these chai*actei*i sties of a spiral motion it must, of 
course, be ascei tained whether it is right- or left-handed. To dis- 
tinguish this in spherical or cylindrical bodies, which revolve round 
a central axis, is by no means easy, and in many ctises, if the object 
is very small ami the contents homogeneous, it is quite impossible. 
The slight variations from cylindilcal or spherical form, as they 
occur in each cell, aie therefoi*e just sufficient to admit of our per- 
ceiving whethei* any rotation does take place. The discovery of the 
direction of the rotation is only possible when fixed points whose 
position to the axis of the spiral is known can be followed in their 
motion round the axis. The same holds good also, mutatis mutandis^ 
of spirally wound threads, spiral vessels, &c. ; we must be able 
to distinguish clearly which ai*e the sides of the windings turned 
towards or turned away from us. 

If the course of the windings is very irregular, as in fig. 367, a 
little practice and care are needed to distinguish a spiral line as 
1 Das Mikroskop, Naegeli and Sehwendener, p. 258 (Eng. edit.). 
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such in small objects. The microscopical image might easily lead 
us to the conclusion that we were examining a cylindrical body 
composed of bells or funnels inserted one in another. The spirally 
thickened threads, for instance, as they originate from the epidermis 
cells of many seeds, were thus interpreted, although here and there 
by the side of the irregular spirals quite regular ones are also 
observed. In illustiation of this a very excellent example is given 
in the‘Quekett Joiirnar for 1899 (So. 44), p. 166, where Mr. 

Kelson shows that a certain structure in the 
remarkable diatom Climacosjihpjuia moniligera^ 
which for a long time luis been regarded as inter- 
locking teeth, is in reality a spiral pipe. 

Moreover, it must not be foi*gotten that in 
the microscopicjd image a spii-al line always ap- 
peal's wound in the same manner as when seen 
with the nake<l eye, while in a mirror (the inver- 
sion being only a half one) a. right-handeti screw 
is obviously repi-esented as left-handed, and con- 
versely. If, thei'efore, the microscopical image 
is obsei ved in a mirror, as in drawing with the 
8ommering mirror, or if the image -forming pen- 
cils are anywliere turned aside by a single reflec- 
tion, a similar inversion takes place from right- 
handed to left-handed, and this inversion is again 
cancelled by a second reflexion in some micro- 
scopes. All this is, of course, well known, and to 
the practised observer self-evident ; nevertheless many microscopists 
have shoAvn that they are still entirely in the dark about matters of 
this kind. 

One of Professor Abbe’s experiments on diffraction j^henomena 
qproves that when the difl:raction spectra of the fii'st order are stopped 
out, while those of the second are admitted, the appearance of the 
structure will be double the fineness of the actual structure which is 
causing the interference.^ 



Fig. 867. — A spiral 
in motion. 





Upon this law there appears to depend a number of possible 
fallacies, errors which may arise from either its misapprehension or 
misinterpretation. At lejist these appear to us, from a practical 
point of view, to be of sufticient importance to need either caution 
or a fuller exposition of the great law of Abbe in regard to them. 

If, for example, figs. 368, 369, and 370 may be taken to represent 
^ See Chapter II, 
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a square grating having 25,000 holes per linear inch at the focus of an 
objective at P, P D the dioptric beam, P^ P^ diffraction spectra of the 
first order, and P^ P^ those of the second order, then if the objective 
is aplanatic all those spectra will he brought to an identical focal 
conjugate ; and the image of the grating will be a counterpart of the 
structure, characteristic of such a group of spectra. Let us suppose 
our objective to be over-corrected, as in fig. 369, then when the grat- 
ing is focussed at P the spectra of the first order only will he h'onght 
to the focal conjugate ; the image, however, will not be materially 
affected on that account, as the diffraction elements of the first order 
ai-e alone sufficient to give a truthful lepresentation of the 25,000 
per inch grating. If, however, the objective be raise<l so that the 
grating lies at P', the diffraction elements of the second order only are 
brought to the focal conjugate ; consequently by the hypothesis the 
image will have 50,000 holes per linear inch, or double that of the 
original. In other words, placing a gi-ating at the longer focus of an 
over-corrected objective is apparently tantamount to cutting out the 
diffraction spectra of the first order by a stop at the back of the 
ol)jective. 

The effect of this is to give an impression that there is a strong 
grating with 25,000 holes ])er linear inch ; and over it another grat- 
ing with 50,000 holes per linear inch. The i*aising the focus so as 
to bring P to P' necessarily gives the idea of the fine structure being 
supeiimposed on the coarse. Therefore the microscopist should 
beware, whenever he notices a structure of double fineness over 
another one, lest he has a condition of things similar to fig. 369. The 
following is a test whicli may be applied to confirm the genuineness of 
any such structure. First measui'e by means of the divided head 
of the fine-adjustment screw', its accurately as possible, the 
movement required to bring P to P' in fig. 369 ; next by means 
of the draw-tube incre^ise the distance between the eye-piece and thc^ 
objective : this will have the effect of increasing the over-coiTectioii 
of the objective, and a state of things wull be obtained as in fig. 370. 
Hence it will require a larger movement of the fine-adjustment 
screw to bi ing P to P'. This will make the distance between the 
50,000 grating and the 25,000 grating appear greater than it was 
before. If this takes jdace the 50,000 grating is a mere diffraction 
ghost. It is well to note that we have seen a photograph by 
Mr. Comber of a diatom surface which is unev en. In those parts 
where the focus is correct the structure is single, but in the pai-ts 
where the focus is withdrawn it is double. 

A precisely similar condition of things exists with an under- 
corrected objective, only in that case the false finer grating will 
appear below the original coarse grating, and to increase the distance 
between them the draw- tube must be shortened. 

It may therefore be of sei'vice to giv^e an example of the use of 
the numerical apei*ture table t\s a check in the interpretation of 
structure. 

Fig. 371 gives six illustrations of the back of an objective (the 
eye-piece being removed) of *83 N.A., or 112® in air. D stiinds for 

F F 2 
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dioptric beam ; 1 for diffraction spectrum of the first order ; 2 for 
diffraction spectrum of the second order. 

When the back of an objective of *83 N.A. shows an ai range- 
ment as in 


No. 1, then, although the structure will be invisible, 
it cannot be coarser than 


No. 2 

No. 3, then the structure does not differ greatly from 
No. 4 


No. 5 


No. 0 


40.000 per inch. 

80.000 

40.000 

80.000 
20,000 
40,000 


It will be understood by the student that the j^'i'^^servation of the 
microscope and its apparatus is a matter that must largely depend 
upon his own action. The stand should be kept fi*om dust, generally 
wiped with a soft chamois leather after use, and when needful a 
minute quantity of watchmaker's oil may be put to a joint working 
.stiffly. There is no bettei- way to j)i*eserve this stand than to keep 



^56 
Fi(}. a7i. 


it either under a bell-gla.ss oi* in a cabinet which is easily accessible 
All objectives should be examined after use, and all oils or othei 
fluids carefully wiped away from them with old cambiic which has 
been thoroughly washed with so<la, well rinsed and not ‘ ironed ’ or 
finished in any way, but simply dried. 

If chemical reagents are employed the cessation of their use 
should become the moment for wiping with care the lenses employed ; 
and all processes involving the use of the vapours of volatile acids, 
or which develop sulphuretted hydrogen, chlorine, cfec., must never 
take place in a room in which a mici'oscope of any value is placed. 

Dry elder-pith and Japane.se paper are by some workers sug- 
gested foi* cleaning the front lenses of homogeneous objectives ; but 
while these are excellent, especially the former, we find nothing 
better than the simple cambric we suggest. 

Two or three good chamois leathers should be kept by the 
worker for specific purposes and not interchanged. Cleanliness, 
<jare, delicacy of touch, and a purpo.se to be accurate in all that he 
does or seeks to do ai e essentials of the successful microscopist. 
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It may be noted that dust on the eye -piece can be detected in a 
dim light, and can be discovered by closing the iris diaphragm. The 
lens of the eye-piece on which the dust appears may be localised by 
rotation ; and this should be done before wiping. In reference to 
dust on the back of the objective, it should be observed that if the 
eye-piece be removed, dust sometimes appeai-s to be upon it which 
comes really from the focus of the sub-stage condenser, and is, in fact, 
not on the back of the objective at all. To find this condition, remove 
the light modifier (if in use), for the dust may be on it, and rotate 
the condenser ; else there will ])e needless and injurious rubbing of 
the back lens of the objective. 

With oil-immersion objectives dust or air-bubbles in the oil must 
be carefully avoided. 

If chamois leather be used for cleaning the lenses, it should be 
previously well beaten and shaken, and then ke})t constantly in a 
well-made box. 
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CHAPTER VII 

FREPABATION, MOUNTING, AND COLLECTION OF OBJECTS 

Under this head it is intended to give an account of those materials, 
instruments, and appliances of various kinds which have been found 
most serviceable to microscopists engaged in general biological re- 
search, and to describe the most appi-oved methods of employing 
them in the prepai*ation and mounting of objects for the display of 
the minute structures thus brought to our knowledge. Not only is 
it of the gi*eatest advantage that the discoveries made by microscopic 
research should — as far as possible — be embodied (so to speak) in 
^ preparations,’ which shall enable them to be studied by every one 
who may desire to do so, but it is now universally admitted that 
such ‘ prepai*ations ’ often show so much more than can be seen in 
the fresh oi*ganism that no examination of it can be considered as 
complete in which the methods most suitable to each particular 
case have not been put in practice. It must be obvious that in a 
comprehensive treatise like the present such a general treatment of 
this subject is all that can be attem{)ted, excepting in a few instances 
of peculiar interest ; and as the histological student can find all 
the guidance he needs in the numerous manuals now prepared for 
his instruction, the Author will not feel it requisite to furnish him 
with the special directions that are I'eadily accessible to him else- 
where. 

Materials, Instruments, and ArpLiANCEs, 

Glass Slides. — The kind of glass best suited for mounting objects 
is that which is known as ‘ patent plate,' and it is now almost in- 
variably cut, by the common consent of microscopists in this country, 
into slips measuring 3 in. by 1 in. For objects too large to be 
mounted on these the size of 3 in. by in. may be adopted. Such 
slips may be purchased, accurately cut to size, and ground at the 
edges, for so little more than the cost of the glass that few persons 
to whom time is an object would trouble themselves to prepai*e 
them ; it being only when glass slides of some unusual dimensions 
are required, or when it is desired to construct ‘ built-up cells,’ that 
a facility in cutting glass with a glazier’s diamond becomes useful. 
The glass slides prepared for use should be free from veins, air-bubbles, 
or other flaws, at least in the central part on which the object is 
placed ; and any whose defects render them unsuitable for ordinary 
purposes should be selected and laid aside for uses to which the 
working microscopist will find no difficulty in putting them. As 
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the slips vary considerably in thickness, it will be advantageous to 
determine on a gauge for thiu^ thick, and medium glass. The first 
may be employed for mounting delicate objects to be viewed by the 
high powers with which the apochromatic and achromatic condensers 
are to be used, so as to allow plenty of room for the focal joint of an 
optical combination with great aperture to be fixed readily upon the 
plane of the object ; the second should be set aside for the attach- 
ment of objects which are to be ground down, and for which, there- 
fore, a stronger mounting than usual is desirable ; and the third are 
to be used for mounting ordinary olyects. Clreat caie should be 
taken in washing the slides, and in removing from them every trace 
of greasiness by the use of a little soda or j^otass solution. If this 
should not suffice they may be immersed in the solution recommended 
by pr._Seiler, composed of 2j[)z. of bichi'omate of j)otass, 3 fl. oz. of 
suljd mric acid, and 25 oz. of water, and afterwai'ds thoroughly rinsed. 
(The same solution may be advantageously used for cleansing cover- 
glasses.) Befoi'e they are put away the slides should be wiped 
j)er*fectly dry, first with an ordinary ‘ glass cloth,’ and afterwards 
with an old cambi-ic handkeichief ; and before being used each 
slide should be washed in methylated sj)ii*it to ensui*e freedom from 
greasiiiess. Where slides that have been alieady employed for 
mounting j)rej)arations ai*e again brought into use, gi*eat care should 
be taken in completely removing all trace of adhei*ent varnish or 
cement — fii’st by sci aj)ing (cjire being taken not to scratch the glass), 
then by using an aj)j)roj)riate solvent, and then by rubbing the slide 
with a mixtiu’e of equal j)arts of alcohol, benzole, and liquor sod?e, 
finishing with clean water. 

Thin Glass. — The older microscopists were obliged to employ thin 
laminfe of Udc for covering objects to be viewed with lenses of short 
focus ; but this material, which was in many i*espects objectionable, 
is entirely suj)erseded by the thin ghiss manufactured by Messrs, 
Chance, of Birmingham, which may be obtained of various degrees of 
thickness, down to the - ^yth of an inch. This glass, being unannealed, 
is very hard and brittle, and much care and some dexterity are re- 
quired in cutting it ; hence covers should be j)urchased, as required, 
from the dealers, who usually keep them in several sizes and supply 
any others to order. Save the fact that ‘ cover-glass ’ is made by 
Messrs. Chance, thei*e is no definite information as to the mode of its 
manufacture and the conditions uj>on which it is most satisfactorily 
produced. It would be an advantage to the microscopist to j)ossess 
information on this point. The different thicknesses are usually 
ranked as 1,2, and 3 ; the first, which should not exceed in thickness 
the *006 in., being used for covering objects to be viewed with loio 
powers ; the second, which should not exceed *005 in. in thickness, 
for objects to be viewed with medium powers ; and the third, which 
ought never to exceed *004 in. in thickness, for objects which either 
require or may be capable of being used with high powers. It must, 
however, be remembered that t he ac hromatic objectives of greafi 
p ow er and g reat apm‘tui*e (B 5}^ will require much thinner covers 
than even The thinnest glass is of' course most difficult to 

handle safely, and is most liable to fracture from accidents of various 
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kinds ; and hence it should only he employed for the piii pose foi’ 
which it is absolutely needed. The thickest pieces, agaiiiy may be 
most advantageously employed as covers for large cells, in which 
objects are mounted in fluid to be viewed by the low powers whose 
performance is not sensibly afiected by the aberration thus pr oduced. 
The working microscopist will find it desirable to provide himself 
with some means of measuiing the thickness of his cover-glass ; and 
this is especially needed if he is in the habit of employing objectives 
without adjustment, which are corrected to a particular standard. 
A small screw-gauge of steel, made for measur ing the thickness of 
rolled plates of brass, and sold at the tool-shops, answers this purpose 
very well; but Ross’s lever of contact (fig. 872), devised for this 
express purpose, is in many respects preferable. This consists of a 
small horizoirtal table of br-ass, morrnted upon a stand, and having 
at one end an ai’C gr^aduated iirto twenty divisions, each of which re- 
presents the i of an inch, so that tlie entire are nieasui es tlie 

5 ^(^th of an inch ; at the other end is a pivot on wliich moves a long and 
delicate lever of steel, whose extremity })oints to the graduated ar c;, 
whilst it has very near its pivot a sort of projecting tooth, which 
bears it against a vertical plate of steel that is screwed to the 



horizontal table. The piece of thin gla.ss to be metisured being in- 
serted between the vertical plate and the projecting tooth of the 
lever, its thickness in thousandths of an inch is given by the number 
on the graduated arc to which the extremity of the lever points. 
Thus, if the number be 8, the thickness of the glass is -008, oi* the i4 5th 
of an inch. It will be found convenient to sort the covers according 
to their thicknesses, and to keep the sortings apart, so that there 
may be a suitable thickness of cover for each object. But it is well 
to remember that, with the exception of objects to which from their 
size or nature it is imjjossible to apply high powers, it is better to 
mount the object so that, if it be required or desirable, high powers 
may be used upon it. 

Another simple and very efticient cover-glass tester is made by 
Zeiss, of Jena, and illustrated in fig. 373. It will be seen that the 
measurement is effected by a clip projecting from a box, between the 
jaws of which the covei* to be measured is placed ; the reading is 
given by an indicator moving over a divided ciide on the upper face 
of the box. The divisions show hundredths of a millimetre, and the 
instrument measures to upwards of 5 mm. 
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Olio of the continuous aims of the woi*king microscopist is to 
save or utilise to its utmost liistime. Oomplicatod Tiioasuromonts and 
oalonlatioiis are to be avoidod wlaa-i' possilili'. :iihI :i May boautiful 
and ingoiiious instruinont, cnpahle of being used as a meter for 
(•o\(*r glass, lias Ix'on diivisiMl by Mr. J. Ciceri Smilli, of bl Hatton 
Oardon, London. It is a perfect direct-reading micrometer, and is 
constructed to take measurements in tliousandths of an inch, and 
may be used in gauging tlio thickness of inlcrnsoojn'cal glass. in<*jal 

and otlier sheets, Iialls 
for bearings, needles, 
wii*e, etc. Its advan- 
tages over the ordinary 
micrometer consist in 
the measurements 
being automatically 
and accurately re- 
coi-ded in clear figures 
on the index, thus 
avoiding the strain on 
the eyes caused by 
reading the fine lines 
on the old form of 
gauge ; in thei’e being no liability to errors through miscalcvda- 
tions, and in its being possible to take any number of varioiis^ 
r(*adiugs with ease, accuracy, and rapidity. We illustrate this appa- 
ratus in fig. 374. 

As in the ordinary decimal gauge the glass or other article to be 
measured is placed between the ‘ anvil ’ (or hexagonal nut) and tlie 
face of the spindle, the thimble being rotated in either direction 



t'i(;. M74. — Mr. J. C'icori Smitlfs (liivct-reading micrometer. 


until tlu* nMjuived adjustment, is obtained, the exact uu'asurement in 
decimal jiaits ofau inch Inaiig at thi'same instaiil aul omat ically and 
acctir.ii (‘1 c ri'cordcd on tbe indrx, thes(‘ ri'adings rixspondiiig in (.atJier 
direct ion with the most <lclic‘.it(“ mo\cmcnts of the screw. 

To a\'oid th(‘ scri'w being unduly strained, the sjiindle is I’otated 
by friction from the taiter spring tight tbimiilc. tbe inner thimble 
b(‘ing rigidl}' tixcMl to tbe sj>indli‘. Hmu-e it is impossible to strain 
the screw, since as soon as the pressui-e beconu's too grt'at tlu' s[>riiig 
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allows the outer thimble to slip. The connection of the spindle to 
the measuring wheels is effected by means of a stop. This takes 
into a slot on a sleeve, on which is mounted the thousandths wheel, 
which in turn drives the hundredths and tenths wheels through the 
intermediate pinions. These latter have a step-by-step motion, as 
in an ordinary counter. The cover of the cage in which the 
mechanism is placed is pierced to show the numbers on the dials, but 
these openings are covered with glass, with a view to excluding dust 
and dii't. It must be understood that gauges of this kind are 
expensive, but there is one made by G. Boley, reading to *01, which 
answers all purposes and can be purchased for five shillings at a 
watchmaker’s tool shop. 

It is w^ell to keep tissorted, measured, and cleaned covei-glasses in 
small separate wude-stoppered bottles of methylated spirit, each 
bottle being labelled with the gauge of thickness of the covers it 
contains; What is then required is a simple apparatus for cleaning 
the delicate covers with the least risk of breakage. This can be 
well accomplished by having two blocks of boxwood, shaped so as to 
be efisily held one in each hand, turned with perfect trueness on the 
faces opposite to the i'e.spective handles, so that when the surfaces 
so flattened ai*e laid upon and pressed towaids each other they ai‘e 
eveiywhei’e in perfect contact. They should be from two to four 
inches in diametei*, and these flattened surfaces should each have, 
very tightly stretched upon them, a firm, even-textured, moderately 
thick piece of chamois leather. If covers be slightly moistened — 
even breathed upon — and laid on one of these blocks and pi*essed 
down with the other, breath, or moisture ap])lied by a small camel- 
hair brush to the upper surface of the cover, may be applied, and a 
few twists of these blocks upon each other w^hen firmly pressed 
together will effectually clean without breaking the thinner covers. 
It will be often needful to treat both sides of the covers thus, as one 
side genei'ally adheres while the other is subject to the fiaction. 

For cleaning slips and covei s by hand, finishing should be done 
with old fine cambric handkerchiefs. The se should not be washed 
\^h so ap , but wi^Jj. common soda and hot water, plenty of the latter 
being subsequently employed to get rid of eveiy trace of the alkali. 
But when dry these cloths must not be ‘ ironed ’ or smoothed in any 
way, the ‘ rough-dry ’ surfiice acting admirably for wiping delicate^ 
glass. 

Varnishes and Cements. — Tliere are three very distinct pui*poses 
for which cements which possess the power of holding firmly to glass, 
and of resisting not mei'ely w^ater but other preservative liquids, 
are required by the mici-oscopist, these being (1) the attachment of 
the glass covers to the slides or cells containing the object, (2) the 
formation of thin ‘ cells ’ of cement only, and (3) the attachment of 
the ‘ glass plate ’ or ‘ tube-cells ’ to the slides. The two former of 
these purposes are answered by liquid cements or varnishes^ which 
may be applied without heat ; the last requires a solid cement of 
greater tenacity, which can only be used in the melted state. Among 
the many such cements that have been recommended by different 
workers, two or three will be selected by the worker for general 
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purposes, and perhaps three or four for special purposes, and the re- 
mainder will be in practice neglected. We do not hesitate to say 
that the t wo c ements on which the most complete trust may be re- 
posed wee jaj)a7mer^ 8 yold size and cement. This opinion is the 

result of over twenty years of special observation. 

A good varnish may easily, in a general way, be tested : when it is 
thoroughly hard and old, if scraped off it comes away in shreds ; un- 
safe varnishes break under the scraj)er in flakes and dust. To those 
who put up valuable preparations and objects of value the risk 
should never be run of using a new and unknown varnish or cement. 
Neither appearance nor facility nor cheapness in use should for one 
moment weigh against a varnish or cement of known and tested 
worth. 

Japanner's gold size may be obtained from the colour shops. It 
may be used for closing-in mounted objects of almost any description. 
It takes a peculiaidy fii*m hold of glass, and when dry it becomes 
extremely tough without brittleness. When new it is very liquid 
and ‘ l uns ’ rather too fi eely ; so that it is often advantageous to leave 
open for a time the bottle containing it until the varnish is some- 
what thickened. By keeping it still longer, with occasional exposure 
to ail*, it is rendered much more viscid, and though such ‘ old ’ gold- 
size is not fit for ordinary use, yet one or two coats of it may be ad- 
vantageously laid over tlie films of newer vai*nish, for securing the 
thicker covers of large cells. Whenever any other vai*nish or cement 
is used, either in making a cell or in closing it in, the rings of these 
should be covered with one or two layers of gold-size extending 
beyond it on either side, so as to form a continuous film extending 
from the mai*ginal ring of the cover to the adjacent portion of the 
glass slide. 

Asphalte Varnish . — This is a black vai*nish made by dissolving 
half a drfichm of caoutchouc in mineral naphtha, and then adding 4 oz. 
of asphaltum, using heat if necessary for its solution. It is very 
important that the asphaltum should be genuine, and the other 
materials of the best quality. Some use asphalte as a substitute for 
gold size ; but the Author’s experience leads him to recommend that 
it should only be employed either for making shallow ‘ cement cells ’ 
or for finishing oft' pi*epa rations already secured with gold -size. For 
the foi*mei* purpose it may advantageously be slightly thickened by 
evaporation. 

BelVs ce ment is sold by J. Bell and Co., chemists, Oxford 8treet, 
London ; they are the sole makers, and lebiin the secret of its com- 
position. It is of great service for gly cerin mounts : but the edge 
of the cover sliould be ringed with glycerin jelly before this cement 
is applied. It is an extremely useful and reliable varnish, which is 
extremely easy of manipulation. It can be readily dissolved in 
either ether or chloroform. 

is the halsamm and Pmus 

cana^en^ ; ft Is so brittle when hardened by tfme tliat it cannot 
be safely used as a cement, except for the special purpose of attaching 
hard specimens to glass, in order that they may be reduced by 
grinding, (fee. Although fresh, soft balsam may be hardened by heating 
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it on the slide to which the object is to be attached, yet it may be 
preferably hai deiied en masse by exposing it in a shallow vessel to 
the pi’olonged but moderate heat of an oven, until so much of its 
volatile oil has been driven off that it becomes almost (but not quite) 
resinous on cooling. If, when a drop is spi'ead out on a glass and 
allowed to become quite cold, it is found to be so hard as not to be 
readily indented by the thumb-nail, and yet not so hard as to ‘ chip,’ 
it is in the best condition to be used for cementing. If too soft, it 
will require a little more hardening on the slide, to which it should 
be transferred in the liquid state, being brought to it by the heat of 
a water-bath ; if too hard it may be <lissolved in chlorofoi’m or ben- 
zole for use as a mounting ‘ ine<liuin ; ’ we do not recommend its use 
for mounts with glycei in. 

Jiranstcick black is a very useful cement, ol)tainable at the op- 
tician’s as prepai ed for the use of microscopists. It is one of t he best 
ceme nts for the ))urpose of ringing mounts, and it may be recom- 
mended for turning cells. We have already stated that we do 
not, as a rule, recommend opatjue or black-ground mounting ; but if 
this is desired or needful no better ‘ ground ’ can be obtained than 
by putting on the centre of the slide a disc of Brunswick black the 
size of the outside of the cell or cover-glass, and while it is wet 
putting a thin cover-glass upon it. The cov ei'-ghiss becomes quickly 
fixed, and a pleasant surface is formed to receive the object which it 
is intended to mount. Should it be desirable to have the floor of the 
opaque cell dead instead of bright, this can be (piickly accomplished 
with a little emery-powder and w’ater applied to the surface by ti 
flattened block of tin fixed in boxwood. 

Brunswick bkck is soluble in oil of turpentine, and it dries 
quickly. 

Glue and honey mixed in equal parts is veiy valuable for special 
purposes, and softens with heat. 

Shellac cement is made by keeping small pieces of picked shel- 
lac in a bottle of rectified spirit, and shaking it from time to time. 
It cannot be recommended as a substitute for any of the preceding, 
but it may be employed to put a thin film Tipon the edge of all 
mounts — however closed and finished — that ai’e to be used with liomo- 
geneous lenses. It is a sui‘e protection against the otherw ise in - 
jurious motion of the cedar pH. Hollis’s liquid glue may also be 
employed with confidenceTbi* this purpose. 

Sealing -%cax varnish, which is made by digesting powdered 
sealing-wax at a gentle heat in alcohol, .should never be used as a 
cement ; it is sei-viceable only as a v arnish, and resists cedar oil. 

Venice turpentine is the liquid resinous exudation of Abies larix. 
It must be dissolved in enough alcohol to filter readily, and after 
filtering must be placed in an evapoi-ating dish, and by means of a 
sand-bath must be reduced by evaporation one-fourth. 

This cement is used for closing glycerin mounts. Squai-e covei*s 
are used, and we find it be.st to edge the cover with glycerin jelly. 
A piece of copper wire of No. 10 to No. 12 gauge is taken, and one 
end of it is bent just the length of one of the sides of the cover at 
right angles to the length of the wire. This end is now heated in a 
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spirit lamp, plunged into the cement, which adheres in fair quantity, 
and is instantly brought down upon the slide and the margin of the 
cover. The fluid turpentine distributes itself evenly along the cover 
and slide and hardens at once. We have no long experience of it, 
but from some of its characteristics we are inclined to believe it will 
prove a useful cement for this purpose. 

Marine glue, which is composed of shellac, caoutchouc, and 
naphtha, is distinguished by its extraordinary tenacity, and by its 
power of resisting .^olventsof almost every kind. Different qualities 
of this substance ai*e made for the seyei*al purposes to which it is 
applied, and the one most suitable to the wants of the microscopist 
is known in commerce as G K 4. The special value of this cement, 
which can only be applied hot, is in attaching to glass slides the glass 
or metal laiigs which thus form ‘ cells ’ for the reception of objects 
to be iriounted in fluid, no other cement being comparable to it 
either for tenacity or for durability. The manner of so using it will 
be presently desci-ibed. 

Various coloured varnishes are used to giA^e a finish to mounted 
pi*epai*ations, or to mark on the covering glasses of lai*ge preparations 
the })arts containing special kinds of noteworthy structure. A 
very good hluck varnish of this kind is made by woi king up very 
finely powdered lamp-black with gold-size. For red, sealing- wnx 
varnish may be used; but it is very liable to chip and leave the ghuss 
when hardened by'time. The red varnish specially prepared for 
microsc^opic jnirposes by Messrs. Thompson and Capper, of Liverpool, 
seems likely to stand better. For white, ‘ zinc cement ’ answers 
well, which is made of benzole, gum dammar, oxide of zinc, and 
turpentine. But it is inexpensive, and either in Cole’s or Ziegler’s 
formula imiy be obtained at the optician’s. Blue oi* gi*een pigments 
may be worked up with this if cements of those colours be desired. 

Foi’ attaching labels to slides either of glass or wood, and for 
fixing down small objects to be mounted ‘dry’ (such as foraminifera, 
pai ts of insects, Ac.), the Author has found nothing preferable to a 
rather thick mucilage of gum arabic, to which enough glycerin ha.s 
been added to prevent it from drying hard, with a few drops of some 
essential oil to pi'event the development of mould. The following 
formula has also been recommended : Dissolve 2 oz. of gum arabic 
in 2 oz. of water, and then add j oz. of soaked gelatin (for the 
solution of which the action of heat will be required), 30 drops of 
glycerin, and a lump of cumphor. The further advanbige is gained 
by the addition of a slightly increased proportion of glycerin to 
either of the foregoing, that the gum can be very l eadily softened 
by water, so that covers may be easily I’emoved (to be cleansed if 
necessary) and the arrangement of objects (wdiere many are mounted 
togethei’) altered. 

Cells for Dry-mounting. — Where the object to be mounted ‘ dry ’ 
(t.e. not immersed eithei' in flui<l or in any ‘ medium ’) is so thin as to 
require that the cover should be but little raised above the slide, 
a ‘ cement cell ’ answers this purpose very well ; and if the ap- 
plication of a gentle warmth be not injurious, the pressing down of 
the cover on the softened cement will help both to fix it and to 
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prevent the varnish applied round its border from running in. 
Where a somewhat deeper cell is required, Prof. H. L. Smith 
(U.S.A.) suggests the following specially for the mounting of 
diatoms. A sheet of thin writing-paper dipped into thick shellac 
varnish is hung up to dry ; and rings are then cut out from it by 
punches of two different sizes. One of these rings being laid on 
a glass slide, and the covei*, with the object diied upon it, laid on the 
ring, it is to be held in its place by the forceps or spring-clip, and 
the vslide gently warmed so as to cause a sliglit adhesion of the 
cover to the ring, and of the ring to the slide ; and this adhesion may 
then be i-endered complete by laying another glass slide on the cover 
and pressing the two slides together, with the aiil of a continued 
gentle heat. Still deeper cells may be made with rings punched out 
of tinfoil of various thicknesses and cemented with shellac varnish 
on either side. And if yet deej^er cells are needed, they may be 
made of turned lings of vulcanite or ebonite, cemented in the same 
manner. There is, however, a tendency in shellac-foimed cells to 
throw off a cloudiness inside the cell, usually called ‘ sweating,’ 
which is very undesii’able. It has been found that a ring of solid 
paraffin, to which the cover* is attached, if fii st ‘ l inged ’ with the 
same material and afterwards with a finishing vaiiiish, makes a 
useful and permanently clean dry shallow cell ; or paper may be 
S{itui*ated with pai*affin and treated as described for shellac. 

CementrCells. — Cells for mounting thin objects in any watery 
medium may be readily made with asphalte or Bi*unswick black 
varnish by the use of Mr. Shadbolt’s ‘ turn-table ’ or one of its modi- 
ficjitions. The glass slide being placed under its spring in such 
a manner that its two edges shall be equidistant fiom the. centre (a 
guide to which position is affoi*ded by the cii cles trticed on the brass), 
and its four* coi*nei*s equally pi*qjecting beyond the ciiculai* maigin 
of the plate, a camers-hair pencil dipped in the varnish is held in the 
right hand, .so that its point comes into contact with the gliis.s over 
whichever of the circles may be selected as the guide to the size 
of the ring. The turn-table being made to l otate by the application 
of the left forefinger to the milled head beneath, a l ing of varnish 
of a suitable breailth is made upon the gla,ss ; and if this be set aside 
in a horizontal position, it will be found, when hard, to present a very 
level surface. If a greater thickness be desired than a single appli- 
cation will conveniently make, a second layei* may be afterwaids 
laid on. It will be found convenient to make a considerable number 
of such cells at once, and to keep a stock of them ready prepared for 
use. If the surface of any ring should not be sufficiently level for a 
covering glass to lie flat upon it, a slight rubbing upon a piece of 
fine emery paper laid upon a flat table (the ring being held down- 
wards) will make it so. 

Bmg-cells. — Foi* mounting objects of greater thickness it is 
desirable to use cells made by cementing l ings, either of glass or metal, 
to the ghiss slides, with mai*ine glue. Glass rings of any size, dia- 
meter, thickness, and breadth are made by cutting transverse sections 
of thick-walled tubes, the surfaces of diese sections being ground 
flat and parallel. Not only may round cells (fig. 375, A, B) of vari- 
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oils sizes be mijde by this simple method, but, by flattening the tube 
(when hot) from which they are cut, the sections may be made qua- 
drangular, or square, or oblong (0, D). For intermediate thicknesses 
between cement-cells and glass ring-cells, the Editor has found no 
kind more convenient than the rings stamped out of tin, of various 
thicknevsses. These, after being cemented to the slides, should have 
their surfaces made perfectly flat by rubbing on a piece of fine grit 
or a corundum-file, and then smoothed on a Water-of-Ayr stone ; 
to such surfaces the glass covers will be found to adhere with great 
tenacity. The ebonite and bone cells are cheap, and also easy of 
manipulation. They are sv)ecially useful foi* dry mounts . 

The glass slicfes and cells w hich are to be attached to each other 
must fii’st be heated on the mounting plate ; and some small cuttings 
of marine glue are then to 
be placed either upon that 
suiface of the cell which is 
to 1)0 attached, oi* upon 
that portion of the slide 
on which it is to lie, the 
former being perhaps pre- 
fei'able. When they begin 
to melt, they may be 
worked over the surface of 
attachment by means of a 
needle point ; and in this 
manner the melted glue 
may be uniformly spread, 
care being taken to pick 
out any of the small gritty 
particles which this cement 
sometimes contains. When 
the surface of attachment 
is thus completely covered 
with liquefied glue, the cell 
is to be taken \ip with a, 
pair of forceps, turned 
over, and deposited in its 
pr oper place on the slide ; and it is then to be fiiinly pressed down 
with a stick (such as the handle of the needle), or with a piece of 
flat wood, so as to squeeze out any superfluous glue from beneath. 
If any aii -bubbles should be seen between the cell and the slide, 
these should if possible be got i*id of by pressure, or by slightly 
moving the cell from side to side ; but if their presence results, as is 
sometimes the case, from deficiency of cement at that point, the cell 
must be lifted off again, and more glue applied at the required 
spot. Sometimes, in spite of care, the glue becomes hardened and 
blackened by overheating ; and as it will not then stick well to 
the glass, it is preferable not to attempt to proceed, but to lift oflT 
the cell from the slide, to let it cool, scrape off the overheated glue, 
and then repeat the process. When the cementing has been satis- 
factorily accomplished, the slides should be allowed to cool gradually 
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Fig. 875. — Glass ring-cells. 
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in order to secure the firm adhesion of the glue ; and this is readily 
accomplished, in the first instance, by pushing each, as it is finislied, 
towards one of the extremities of the plate. If two plates are in 
use, the heated plate may then be readily moved away upon the i*ing 
which supports it, the other being brought down in its place ; and as 
the heated plate will be some little time in cooling, the firm attach- 
ment of the cells will be secured. If, on the other hand, there be 
only a single jdate, and the operator desii-e to proceed at once in 
mounting more cells, the slides already completed should be carefully 
removed from it, and laid upon a wooden surface, the slow conduc- 
tion of which will prevent them from cooling too fast. Before they 
ai*e quite cold, the superfiuous glue should be sci'aped from the glass 
with a small chisel or awl, and the surface should then be carefully 
cleansed with a solution of potash, which may be rubbed upon it 
with a piece of rag covering a stick shaped like a chisel. The cells 

should next be washed 
with a har<l brush and 
soap and water, and 
may be finally cleansed 
by 1 ‘ubbing with a little 
weak spirit and a soft 
cloth. In cases in which 
appearayice is not of 
much consequence, and 
especially in those in 
which the cell is to be 
used for mounting large 
opaque objects, it is de- 
cidedly pi*eferable not 
to scrape off the glue 
too closely I'ound the 
edges of atbichment, as 
the ‘ hold ’ is much 
firmer, and the proba- 
FtCx. 376. — Plate-glass cells. bility of the penetra- 

tion of air or fluid much 
less, if the immediate margin of glue be left both outside and 
inside the cell. To those to whom time is of value, it is recom- 
mended that all cells which require marine glue cementing be 
purchased from the dealers in microscopic apparatus, and it is 
well to note that all cells cemented with marine glue .should be 
well ‘ payed,’ as the nautical expression is, or well surrounded 
with shellac varnish or gold-size as indicated by the nature of 
the enclosed fluid. Many media, saline fluids especially, work their 
way between the cell and the slide, and at length destroy the marine 
glue. 

Plate-glass Cells. — Where large shallow cells with flat bottoms are 
required (as for mounting small medmce^ &c.), they may be 

made by drilling holes in pieces of plate-glass of various sizes, 
shapes, and thicknesses (fig. 376, A), which are then cemented 
to the slide with marine glue. By drilling two holes at a 
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suitable distance, and cutting out the piece between them, any 
i*equired elongation of the cavity may be obtained (B, C, D). 

Sunk-cells. — This name is given to round or oval hollows, exca- 
vated by grinding in the substance of glass slides, which for this 
purpose should be 
thicker than ordinary. 

They are shown in fig. 

877, A, B, C. Such ^ 
cells have the advan- 
tage not only of com- 
parative cheapness, but 
also of durability, as 
they are not liable to 
injury by a sudden jar, ^ 
such as sometimes 
causes the detachment 
of a. cemented plate or 
i*ing. For objects whose 
shape adapts them to 
the form and depth of 
the cavity, such cells 
will be found very con- 
venient. It naturally 
suggests itself as an 
objection to the use of 
such (‘ells that the con- 
CJivity of their bottom 
must so deflect the 
light-rays as to distort or td)scure the image ; but as the cavity is 
fill(*.d either with water or some other li(|uid of higher refractive 
powei*, the deflection is so slight as to be practically iiu^jerative. 
Before mounting objects in siu^h cells the microscopist should see 
that their concave surfaces are free from scratches or roughnesses. 

Built-up Cells. — When cells are l ecjuired of foi nis or dimensions 
not (3thei*wise procurable, 
they may be huMt np of 
separate pieces of glass 
cemented togethei*. Large 
shalloin cells, suitable foi- 
mounting zoophytes or 
similar flat objects, may be 
easily (constructed after 
the following method : A 
piece of plate-glass, of a 
thickness that shall give 
the desired depth to the 
cell, is to be cut to the Pig. B78. — Built-up cells, 

dimensions of its outside 

wall ; and a strip is then to be cut oft' with the diamond from 
each of its edges, of su(h breadth iis shall leave the interior piece 
e(iual in its (limensions to the cavity of the cell that is desired. 

a G 
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This piece being rejected, the four strips are then to be cemented 
upon the glass slide in their oi iginal position, so that the diamond-cuts 
shall fit together with tlie mast exact precision ; and the uppei* 
surfiice is then to be ground flat with emery upon a pewter plate 
and left lough. The perfect construction of large dee/p cells of this 
kind, as shown in fig. 378, A, B, however, requires a nicety of work- 
manship which few amateui‘s possess, and the ex])enditure of moie 
time than microscopists generally have to spare ; and as it is conse- 
(pieiitly preferable t<j obtain them ready-made, dii eciions for making 
them need not be here given. 

Wooden Slides for Opaque Objects.— Such ‘dry’ objects as / wy/- 

minifera^ the capsules of 'mosses, 2 >arts of insects, and the like, may 
be conveniently mounted in a very sinq)le form of wooden slide (first 
devised by the Author and now come into general use), which also 
serves as a. j^rotective ‘cell.’ Let a number of sli 2 )s of mahogany oi’ 
cedar be jn ovided, each of the 3-inch by I -inch size, and of any 
thickness that may be found convenient, with a corresponding 
number of sli})s of card of the same dimensions, and of pieces of 
demlAA'Acl^i papei* rather larger than the a|»erturo of the slide. A 
2 nece of this 2 >a|jer being gummed to the middle of the card, and 
some stift' gum having been 2 >reviously .s 2 )read over one side of the 
wooden slide (care being taken that there is no siq)erfluity of it 
immediately around the a2)erture), this is to be laid down upon the 
card, and subjected to i)re.ssure.* An extremely neat ‘ cell ’ will thus 
V)e formed for the rece^dion of the object, as we see in fig. 371), the 

de 2 >th of which will l)e deter- 
mined by the thickness of the 
slide, and the diamet(‘r by tla^ 
size of the perforation ; and it 
will be found coii\enient to 
I>rovide slides of various thick- 
nesses, with aj)ertures of difie- 
I’ent sizes. The cell should always be deep enough for its wall to 
rise above the object ; Imt, on the other hand, it should not be too 
deej) for its walls to inteiLere with the obliipie inci<lence of the light 
iqjon any object that may l)e near its j)eri])hery. The object, if flat 
or small, may be attached by gum-mucilage ; if, however, it he large, 
and the jKirt of it t{> be attached have an iri'egular sui-face, it Ls 
desiiable to foi ni a ^ bed ’ to this by' ^ 5 ^nn thickened with starch. If, 
on the other hand, it shoidd be d(‘.sii*ed to mount the object edgenvays 
(as when the 7rioiith ot' i\ for (miin if er is to be brought into view), the 
side of the object may be attached with a little gum to tla^ (call of 
the cell. The com 2 )lete protection thus given to the object is the 
great recommendation of this method. But this is by no means 
its only convenience. It allows the slides not only to range in 
the ordinary cabinets, but also to be laid one against or over 
another, and to be jiacked closely in cases, or .secured by ela.stic 

^ It will be found a verj^ convenient plan to prepare a large number of such slides 
at once, and this may be done in a marvellously short time if the slips of card have 
been previously cut to the exact size in a bookbinder’s press. The slides, wlien put 
together, should be placed in pairs, back to back, and every pair should have each 
of its ends embra'-ed by a spring press (fig. 8Hr>) until dry. 


Fio. 379. — Slii) made of wood. 
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bands ; which plan is extremely convenient not merely for the 
saving of space, but also for preserving the objects from dust. Should 
any more special protection be required, a thin glass cover may be 
laid over the top of the cell, and secured there either by a rim of 
gum or by a pei forated paper cover attached to the slide ; and if 
it should be (lesired to pack these covered slides together, it is only 
necessaiy to interpose yuards of card somewhat thicker than the 
ghiss covers. 

Turn-table. — This simple instrument (fig. 380), devised by 
Mr. Shad bolt, is almost indispensable to the microscopist who desires 
to preserve prepara- 
tions that are 
] noun ted in any 
‘ medium ’ beneatli 
cii'cular covers ; since 
it not only serves 
for the making of 
those ‘ cement-cells ’ Fee 880 . — Slmdbolt’H turn-table, 

in which thin trans- 

])arent objects cnn be best mounted in any kind of ‘ medium,’ ]>nt 
also enables him to 5 i])ply his varnish for the securing of circulai- 
cover-glasses not only with greater neatness and quickness, but also 
with greater certainty than lie can by the hand alone. The only 
sfiecial preciaiition to lie observed in the use of this instrument is 
tiiat the co\'er-glass, not the slide, should be ‘ centred ; ’ which can 
be readily done, \i sei^eml concentric circles have been turned on the 
rotjiting-tal)le, by making the cover-glass cori*espond with the one 
having its own diameter. A num- 
ber of ingenious modifications have 
been devised in this simple instru- 
ment with a view to .securing exact 
centring. The most practicable 
and inexpensive of the.se is an 
application of Mr. E. H. (Irifiith’s 
<levice shown in its improved form 
in fig. 381. 

The centre of the table marked 
with circdes has a sti'aight spiang 
attadied to it beneath. The slide, 
being placed between the two pins 
A and B in this centre, is partially 
rotated against the spring and Fig. ssi.—Griffith’s turn-table, 
pushed forward, when the spring- 

keeps it between the two jdns and a third fixed pin, 1), at the upper 
side of the slide, centring it perfectly for width. The foui-th pin, 
E, at the left end, 1^ in. from the centre, is for length, and allows 
the slide to be always placed in the same i*elative position. The 
i*ecent iinjiroveinents add much to the value of the table. One of 
them is a countersunk decentring wheel and pin, 0, which may l)e 
seen at the upper right-hand side of the .slide. The axle of the 
wheel passes through the table and is furnished ' underneath with a 

o a 2 
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short ]);n* witli wliicli tlie <lec(Mitrini 4 - a\1uh* 1 iiriy Ix' tnriHMl. torciiiy 
tlu‘ pin aijainst tho slide, inisliin*;- it as tar out ot (*(‘uti‘(‘ as may lx* 
d(*sir(Ml. Another iiiiprovom(*iit is in niakinf>- tlu* end-pin a screw, 
which may be turned down out ot the way it desired. 

Mounting Plate and Water-Bath. — \\du‘never heat has to V)e 
applied eitl)(*r in tlu* c(‘mentin^ ot c(‘lls oi- in tlie mounting ot 
objects, it is (h'sir.ibU* that tla* sli<lr siioubl not he (‘\pos(‘d diix'ct to 
the dame, but, that it should be laid ujxm a surface ot regulated 
temperature. As cementing with maritu* glue or hardt'ued (Janada 
balsam requires a lH*at above that ot boiling water, it must be 



Fi(i. a8‘2. — Appiinitus for preparing mounting media, paratfin, Ae., for imbedding 
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supplied by a [)late ot metal ; and the Author's exjaa-ieiH e b*ads him 
to iM'com mei id that this should be a jiieer ot iron not l<‘ss than six 
inches sipiare and halt an inch thick, and that it should lx* 
supported, not <>n legs of its own, but on the l ing ot a iet(^rt-stan<l, 
so that by raising or lowering the i*ing any di'sirc'd amount of heat 
ma\' lx* inijiarted to it by the lamp or gas flame heia'ath. The 
ad\'antage of a plate of this si/.i* and thick ih‘>s consist s in the 
(jriuhtt'ioiiiil tempei-atun* uhich its ditt(‘i-(*nt parts afford, and in the 
slow ness ot its cooling w hen ri*mo\ed from t in* lamp. WIk'Ii many 
<'ells ai’c being eeiiK'nted at- once, it is con\(*nient t,o have two sueli 
plates, that oia* may Ix* cooling wliile tlu* otlu*r is Ix'ing heated. 
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It i8 also needful to have a smaller plate, mucii thinner, of brass, 
having a groove cut in it into which the ordinary 3x1 in. mounting 
slip can easily slide, but so giwved as to leave a s])ace between a 
ledge on each side on which the slip rests, and the main surface of 
the brass under the slip. In this way there is always a film of 
heated air betw^een the main surfiice of the heated brass and that of 
the glass, giving more facility for rapid and delicate heating. This 
may be eithei* a sepai*ate ‘ table ^ or a plate fitted to a retort-stand. 

Beyond this, however, heat of various kinds, dry and moist, of 
variable but determinate temperatui*es, .will be requii*ed for various 
purposes, especially for melting the various mounting media, such 
as gelatin, agar-agar, Ac., and also, as we shall shortly see, for the 
preparation of ind)edding masses for section cutting and a variety 
of other purposes. One of the many pieces of appaiatus which 
have been devised to combine as lai*ge a number of the requirements 
of the mounter in one construction as can be conveniently done was 
devised by Or. P. Maver and his colleagues. It is illustrated in 
fig. 382. 

W is the bath ; Z the tube by which it is filled with water; 1, 
2, 3, 4 are glass tubes ; a is a pot for melting and clarifying the 
})arafiin, and this may be i‘eplaced by others for other needful 
pin-poses ; h and c are lialf-cylinders with handles for imbedding ; t 
is a thermometer bent at a right angle ; the horizontal leg ends in the 
air-bath, and can be closed with a glass plate, which is of service for 
biological as wiA\ as mounting purposes. The tempeiature in the 
air-bath will be alvs ays about 10® less than that in the water-bath. It 
serves well for evaporating chloroform, Ac. ; ti is the thermometer for 
the water-bath ; R is a ReicherPs tliermo-regulator. The variation 
in temperature is less than 1° C. ; r is the tube in which the gas 
and air mix, and f a mica chimney. There is a small independent 
jind i*emovable water-bath, c, filled with watei- by means of rubber 
tubes attached to lateral openings. It is supplied with a thermo- 
meter, is wai-med on the platform, F, and is intended chiefly for 
fixing objects which are small in the i*ight position in the imbedding 
mass, usually known as ‘ orienting ’ objects, under a simple lens or 
dissecting microscope. 

Slide-forceps, Spring-clip, and Spring-press. — For holding 
slides to which heat is being applied, esjiecially while cementing 
objects to be ground dowm into thin sections, the wooden slide- 
forcepSj seen in fig. 383, will be found extremely convenient. This, 
by its elasticity, affords a secure grtisp to a slide of any ordinary 
thickness, the wooden blades being separated by pressui*e upon the 
brass studs ; while the lower stud, wdth the bent piece of brass at 
the junction of the blades, afibrds a level support to the forceps, 
wdiieh thus, while resting upon the table, keeps the heated glass from 
contact with its surface. For holding down cover-glasses whilst 
the balsam or othei- medium is cooling, if the ehisticity of the object 
should tend to make them spring up, the wire spring-clip (fig. 384), 
sold at a cheap rate by dealers in microscopic apparatus, will be 
found extremely convenient. Or if a stronger pressure be required, 
recourse may be had to a simple spring-press made by a slight 
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alternlion of tlu‘ * Anioric.m clot wliiclj is now in genci*al 
\is(‘ 11 ) this count r\ foi' a \ai-U‘t\ of puvpoM's, all thal^ is iieoessai*y 
1 ) 0111 ^ to nil) down the opposed siiclaces of the ‘clip’ with a flat Ble, 
so that they shall he parallel to t^acli other wluai an ordinary slide 
with its cov(‘i- is interj)ose<l Ix'tween them (fig. dH5). One of these 



Fig. 383. — Slidc-forceps. 


coii\ cnit nt little implements may also he e<isily made to serve tht* 
purpose* of a slide-forceps hy cutting hack the nppta* edgi* of th(‘ 
clip, and filing the lower to such a ])lane that whf‘n it rests on its 
fiat side it shall hold the slide parallel to the surfaci' of the table, as 
in fig. 883. 




Fig. 385. — Spring-press. 


Mounting Instrument. — A simjde mode of ap])lying graduated 
pr(*ssure concurrently with th(‘ heat of .a lam]), which will he found 
\riv co)i\ (Uiit'iit in the mount ini^ ol* col.uii cl:i>-«(*s of ohj(*cts, is 
afionled hy th(‘ mounting instrument (h'viMxl hy Air. James KSmith. 
Tliis consists of a plate of brass turned up at its (slges, of the proper 
si/(‘ to allow the ordinary glass .slide to lie loosely in the bed thus 
foriiKMl ; this jfiate has a large perforation in its centre, in order to 
allow heat to he directly applied to the sli<h‘ from Itcix'ath ; and it 



Fig. 3B6. — Smith’s mounting instrument. 


is attaclx'd hy ,a stout ware to a handle .shown in fig. .*>8(5. Clo.se to 
tliiN li.uxllc tlicic Is .-nt.icla'd h\ a joint an upper uu(‘, which li(*s 
neiU'ly jiaralhd to the fii^t. hut makes a downwaid tiun just ahov)* 
the centre of tlx* slide-plate, and is t(‘i imuati'd fiy aii i\oi \ knob 
this wire is piH'ssed uj»wai*ds by a .spring hem'ati) it. whilst., on tlx* 
other liaiid. it is made to approximate the lotver by a milled head 
turning on a .sci*ew, .so as to hi ing its ivory knob to heai‘ with gi‘(‘atei 
or h*ss force on the co\'ering-glass. 'flu* special list* of this arrangi* 
meat will he explained hereafter. 
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ground, which assists the observer in distinguishing delicate mem- 
bianes, fibres, &c., especially when magnifying lenses are employed ; 
and it is hard enough (without being too haid) to allow of pins being 
fixed into it, both for securing the object and foi* keeping apart such 
portions as it is useful to put on the stretch. When glass oi* eai tlien- 
ware troughs are employed, a piece of sheet-cork loaded with lead 
must be provided to answer the same purposes. In ca laying on 
dissections in such a trough, it is fi*ec|ueiitly desii’able to concenti*ate 
additional light upon the jiart which is being operated on b\' means 
of the snniller condensing lens ; aiul when a low magnifying i)ower 
is wanted it may be supplied either by a single lens, mounted after 
the manner of Ross’s simple mici-oscope, or by a paii* of spectacles 
mounted with the ‘semi-lenses’ ordinarily used for stereoscopes.^ 
Portions of the body under dissection, being fioated ofi’ when detached, 
may be conveniently taken up from the trough by pbuaiig a slip of 
glass beneath them (which is often the only mode in which delicate 
membranes can be satisfactorily spread out), and may be then placed 
under the microscope for minute examination, being first covered 
with thin glass, beneath the edges of which is to be introduced a 
little of the liquid wherein the dissection is }>eing cariied on. 
Where the body under dissection is so transparent that more 
advantage is gained by transmitting light thi ougli it than by looking 
at it as an opaque object, the trough should hiwe a glass bottom ; 
and for this purpose, unless the body be of unusual size, some of the 
glass cells already described (figs. 376-877) will usually answer very 
well. The finest dissections may often be best made upon ordinary 
slips of glass, care being taken to keep the object sufficiently sur- 
rounded by fluid. For work of this kind no instrument is more 
generally serviceable than the erecting binocular foi in of stand as 
recently modified for dissecting purposes by Swift. It is an instru- 
ment which combines conveniences and sup])lies wants which only 
a worker at dissection could have known. It is illustrated in fig. 
387, and will be thoi-oughly suitable for all the work in which it will 
be required, from diatom mounting to the most delicate dissections. 
The supports for the hands on either side of the stage have an ex- 
tremely suitable curve, and the instrument lends itself admirably to 
the work. 

The insti^'aments used in microscopic dissection ai-e for the most 
part of the same kind as those which are needed in ordinai’y minute 
anatomical I'esearch, such as scalpels, scissors, foiceps, Ac. ; the fine 
instruments used in operations upon the eye, howeyer, will commonly 
be found most suitable. A pair of delicate scissors, curved to one 
side, is extremely convenient for cutting open tubular parts ; 
these should have their points idunted, but othei* scissors should 
have fine points. A pair of very fine-pointed scissors (fig. 388), 
one leg of which is fixed in a light handle, and the other kept 

' The»e may be recommended as useful in a great variety of manipulations which 
are best performed under a low magnifying power, with the conjoint use of both eyes. 
Where a high power is needed, recourse may be advantageously had to Messrs. 
Beck’s 8-inch achromatic binocular magnifier, which is constructed on the same 
principle, allowing the object to be brought very near the eyes, without requiring any 
uncomfortable convergence of their axes. 
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apart from it by a spring, so as to close by the pressure of the 
finger and to open of itself, will be found (if the blades be well 
sharpened) much superior to any kind of knives for cutting through 
delicate tissues with as little disturbance of them as possible. A 
pair of small straight forceps with fine points, and another pair of 
curved forceps, will be found useful in addition to the ordinary 
dissecting forceps. 

Of all the instruments contrived foi- delicate dissections, however, 
few are more serviceable than those which the microscopist may 
make for himself out of ordin.ary veedUs. These should be fixed in 
light wooden handles (the 
cedar sticks \ised foi- 
camel-hail* pencils, or the 
handles of steel pen- 
holders, or small porcu- 
pine quills will answer 
extremely well) in such a manner that their points should not 
project far, since they will otherwise have too much ^spring;’ 
much may be done by their mere tearhty action; but if it be desired 
to use them as cntthiy instruments, all that is necessary is to harden 
and temjier them, and then give them an edge upon a hone. Tt will 
sometimes be desiiable to give a finer point to such needles than 
they originally possess ; this also may be done upon a hone. A 
needle with its point bent to a right angle, or nearly so, is often use- 
ful ; and this may be shaped by simply heating the point in a lamp 
or candle, giving to it the requiied turn with a pair of pliers, and 
then hardening the ])oint again by re-heating it and })lunging it into 
cold water or tallow. 

Analysis of Methods of Preparation and Mounting which 
follow : — 

1. Descriptions of microtomes, and kii ife-holders and knife- 
l^osltion. 

2. Mounting objects in general. 

3. Preparation of soft tissues, under the following subtitles : — 

Fixation. 

Dehydration. 

Clearing. 

Btaining. 

This last is fui*ther subdivided as follows ; — 

Stains for living objects. 

Stains for fresh tissues. 

Stains for fixed and preserved entire objects. 

Nuclear stains for vsections. 

Plasmatic stains. 

Imbedding methods under the following subtitles * — 

Imbedding methods in general. 

The paraffin method. 

This last is further subdivided as follows : — 

1. Saturation with a solvent. 

2. Saturation with paraffin. 



Fk.. ass. — spring Bciftsors. 
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3. Ai-i*angiiig for cutting. 

4. Cutting, 

5. Flattening sections and luouuting, with (les(;ription of the 

best serial section methods. 

The celloiflin method, fni'thei* subdivided as follows : — 

Celloidin imbedding in general. 

Hardening the mass. 

Fixing to microtome and cutting. 

Stfiining and mounting, with description of appropriate serial 

section methods, 

4. Preparation of hard tissues, under the following titles : — 

Ciinding and polishing sections, with descriptions of lathes. 

T)ecalcifi(‘ntion. 

Desilicification. 

5. Sections dealing with 

(«) Vegetable tissues. 

{h) Staining bacteria,. 

(c) Staining Hagella. 

(d) Chemical testing. 

(e) Preservative media. 

(/) Cleanliness, and labelling. 

Microtomes ai‘e machines devised for the purpose of obtaining 
exti’emely thin and uniform slices, or ‘ sections ’ as they ai‘e 
technically called, of animal or vegetable tissues, hard or soft. 
Some of the purposes to which these are adapted will be found 
to be answered by a very simple and inexpensive little instrument, 
which may either be held in the hand, or (as is preferable) may be 
firmly atbiched by means of a f -shape<l piece of wood (fig. 389) to 
the end of a table or work-bench, oi* may be pi ovided with a clamp 
for fii-m attachment to the work-table, as in fig. 390. This instru- 
ment essentially consists of an upi'ight hollow cylinder of brass, 
with a kind of piston which is pushed from below upwards by a fine- 
threaded or ‘ micrometer ’ screw turned ])y a large milled head ; at 
the upper end the cylinder terminates in a brass table, which is 
planed to a flat surface, or (which is preferable) has a piece of plate- 
glass cemented to it, to foi*m its cutting bed. At one side is seen a 
small milled head, which acts upon a ‘ binding screw,’ whose ex- 
tremity projects into the cavity of tlie cylinder, and serves to com- 
pre.s.s and steady anything that it holds. For this is now generally 
substituted a pair of sci*ews, woi’king thi-ough the side of the 
cylinder, instead of one as in fig. 390. A cylindrical stem of wood, 
a piece of horn, whalebone, cai*tilage, <fec., is to be fitted to the 
interioi* of the cylinder, .so as to project a little above its top, and is 
to be steadied by the ‘ binding screw ; ’ it is then to be cut to a level 
by means of a shai‘p knife or lazor laid flat upon the table. The 
large milled head is next to be move<l thi-ough such a portion of a 
turn as may very slightly elevate the suKstance to be cut, so as to 
make it project in an almost insensible degree above the table, and 
this projecting part is to be .sliced off with a knife previously dipped 
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in water or, prelbi jihly, nietliylate<l spirit nnd water in (Mpial parts. 
An ordinary razor will answ<‘r for (•uttin^^ Tlu* motion given to 
its edge slionld lu* a comhination of' and (It will 

l)e generally found that 
better sections are made 
by working the knife from 
the operator than towards 
him.) When one slice lias 
been thus taken off, it 
should be removed fi-om 
the blade by dipjjing it into 
spirit and watei*, oi* by the 
use of a camel-hair l)i-ush ; 
the milled head should be 
again advanced, and an- 
other section taken, and so 
on. It is advantageous to 
have the large milled head 
graduated, and fnriiislied 
with a fixed index, so that Fai. anD.-Simple microtonie. 

this amount having been 

once determined, the sci'ew shall be so turned as to always pioduce 
the exact elevation recpiiia'd. Where the substance of which it is 
desired to obtain sections by this instrument is of too small a size oi* 
of too soft a texture to Ix^ 
held firmly in the manner 
just described, it may be 
placed between the two ver- 
tical l ialves of a piece of cai-rot 
of suitable size to Ix^ ])i essed 
into the cylinder, and tlie 
cairot with the object it 
gias 2 )s is then to be sliced 
in th(* manner alrc'ady de- 
sca-ibed, the small s(‘etion of 
the latter being carefully 
taken off the knife, or Moated 
away from it, on each <x'ca- 
sion, to prevent it from being 
lost among the lamelhe of 
(jarrot which are removed at 
the same time. Vertical 
sections of luanv lea\ (‘s m.ay 
be successfully mad(‘ in this 
way, and if their texture be 
so soft as to lx‘ injurt'd by 
the 2)r('ssnr(‘ of tla* carrot, 
they may be iMaced ltet\\<*en two half-cylimhas of (‘Ider-juth. or be 
imbedded in any of lh(‘ ways em2)loyed with the mor(‘ elaborate 
microtoTties jtbout to Ite d( ‘scribed. 

The iiKxhuii art of siX'tion-cutting, as practised by the most 
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accomplished experts, with the most complete of the many almost 
perfect recent microtomes, is one of the most refined and beautiful 
with which the scientific mind can concern itself. The combined 
cutting, staining, and mounting of the most delicate orga nic tissues in 
almost every conceivable state lais thrown a light upon histological 
and pathological matters, the present and prospective value of which 
we can scarcely estimate too highly ; while some of the pi‘ofoundest 
and most intei*esting questions of biology are opening themselves to 
renewed research by its means. 

Throughout this chaptei- we only seek to give the })ossessor of a 
good microscope a fair outline of the principal methods employed, 
and clues to the finest processes in detail, foi- histological, patholo- 
gical, and embryological work. For full details we may refer him 
to the more or less exhaustive handbooks which the several subjects 
have called forth, the fullest account of the subject being that given 
in Mr, A. Bolles Lcse’s ‘The Microtomist’s Vade-Mecum.’ But we 
are at the same time convinced that if the student be but I'ightlv 
directed as to instiaimeiits and tlie best way of employing them, and 
at the same time luive the best general pi*ocesses concisely indicated 
to him, he will soon discover what to him will be the most facile and 
satisfactory method of obtaining the best results. In the hands of 
an original wovkei* presci iptions are only satisfactoiy starting-points 
to better methods. We shall therefore describe one microtome 
which we believe, on the whole, to be the best, and snfiieiently 
indicate the character and }>eculiarities of two oi* tliree othei's, to 
enable the student, as we believe, to judge for himself in considera- 
tion of his future purpose as to which will best serv^e him in the 
object he has in view. 

It will be as well, however, to note that exti emely thin sections 
are not the supreme purpose of microtomes. CfOo<l sections, ti*o.ated 
with success from beginning to end, are the first consideration. The 
tenuity of a section iimst be proportional to the character of the 
tissue. 

Manifestly a tissue with injected arteries or veins must be thick 
enough to contain some of these vessels with their branches entii*e. 
If we require to study the he])atic cells or the renal tubules we must 
give depth enough in the sections to include these. But it will he 
found that the hardening and imbedding agents contiact greatly, 
without distorting, the anatomi(:al elements, and sections much 
thinner than would be normally i*equired to conipletely disclose what 
is sought may l>e often successfully made in tissues so })repared. 

It is none the less true that n mere race for extreme attenuation 
in sections is in every sense undesirahle ; and for extremely thin 
sections — say the Jy^^^th of an inch in thickness, or less — only small 
sections should be attempted. 

Here it may be advisalde to state that the standard unit in 
inicroscopy, as accepted by the Council of the Royal Mic roscopical 
Society,^ is the j^^^^yth of a millimetre, which is indicated by the 
sign p, being known as a mieron. 


' Journ. lioj/. Micro. Soc. ser. ii. vol. vii. pp. 502, 526 ; Nat. xxxviii. p. 221. 



THE THOMA MK'KOTOME 


461 


The choice of inicrotojiies, Eii^4isli, Continental, m id American, is 
very large, and liigli iiim it is characteristic of iiiaiiy. Jhit one of 
these, devised by ddioma and made by Jung of Heidelberg, entered 
the field eai’ly, having from the first been based on thoroughly 
sound practical principles ; and as a result it has been susceptible 
of, and has lent itself to, every improvement suggesteil by the 
advancing refinements of this beautiful art of niiciotomy. In its 
latest foiin we desciibe and illusti-ate it, siitisfied that it will in 
an almost perfect manner meet the general wants of the biologist’s 
laboi’atoiy. 

l^hls {the Thijnid) m icrotome is based upon the model of Rivet ; but 
that has been immensely expanded in detail. The body of the 
instrument consists of three plates, the middle plate, M, and the 
side plates, S and O, fig. 391. These are fastened to the bottom 
plate by screws. S supports the knife-carriage, M S, which rests at 



tlir(*e jioints on a planed and polished track: whilst on th(' sid(M)f 
tlie knife (Mi rl.iiic 1 n\<> other points slid<* upon tbc middle p1ati\ 
Thus in llu‘ angle in which the Idock earrying tlie knili* slide's llun e 
are five* points of contact on polished sni laces. t la‘ bloc-k il si'lt' ba\ ing 
weight enough to k(‘(']) tlu* uhoh* st(‘ad\. so that at a touch it glides 
to and IVo witli a liriiincss and precision that (*oidd scarc(‘lv 1)(‘ 
attaiiu'd in any oth(‘r way. 

Tdui [)late O is an inclined plamg its highest point being in tla* 
direction of M. The inclin.ation of tlu' angle is I : iM) ; it suj)| ()rts 
the object- hohh'r. OS, which r<‘sts in its pla(‘(‘ (exactly as do(‘s the 
knite-carriagi'. M S. 

This plate also bi'ars th(‘ scab' 37/, which, by mi'ans of a \(‘i‘ni('r 
on tlie obj(‘ct -holdtM'. (‘n:il)Ies tlu* thickm'ss ot tlu' section to be rtxid 
off. 

3die bottom plate* is at once* a bast* and a rec(‘i\ (‘r lor t Ik* drip[)ing 
spii-it, oil, A'c. 
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For If thp knifi' ;i 1 1mnil) scrrw, ( !, Hi»’. ‘591, servos; ])ut 

in tlu' iiiodilied form of tlu* iii'^trmiieiit dosjo-ned l)y tli<‘ Zoolo^^ieal 
Htalion, Naplv's. this is iH'jdm'iMl l»y :i sin^h' h(‘ad scri'w, (J, fig. dt)2, 
wliich is prox'ideil with hoh‘> and tighltoini In mi'aiis of ;t lever; 
and to gi\e greater fre(M](Hii to t ho iis(‘ of tho knito tln'i'o aro sm oral 
lioK's di-illod and tappod into uhioh this scrow' tits. 

ldu‘ knivi's oi'tht^ tdi iu A, tig. :59 1 . aia* gtaiorally screwed direetly 
to tho kiiifo earriagt'. and ai'o used for cutting \orv large sections, the 
ol)li(pio juasitioii shown in the figivro hoing tho oik* that is goiiorally 
indi(*:tted for tl\o cutting of very large > ohJeH-ts. Phis knifo is now 
stddoin used (wcopi in pathological ohseuvations and in studios on tin* 
central mu N’ous systom. 



Thr i h(ni'Pyve'i% is (lUo made upon another models P], fig. 392 ; 
it them has a sp<‘cial holder t/, in which it is secur(>d in a conical slit 
In' th<* seainvs h, and lirndy hehl. 

Eor (]o('j) oifjocts roepiii ing consideu-ahh* hmgth to cut fioin, there 
arc plates pr()\ idod for ohna.ting the* knives and the* knife-holders. 

The knito h<)ld<*r shown in tig. .‘192 can Ik* rotated round the axis 
formed hy the screnv c. Tliis allows of any dr^giaa* of slant or 
o)di(]uity of dii-ection heing gi\'en to the* knife. tVom the* strctly 
transvei'sal jiosition shown in tig. 392 up to and iKyaaid the slanting 
position shown in tig. .‘19 1 . Ihit it pro\ i<l(‘s no im'aiis of alte'ring 
the tilt of the hlade*. that is. of (‘h'vating or de'pi'e'ssi tig the hack of 
the hlado rokitivoly to its edge* a j»oint of' considt'rahlo importance, 
to which W(‘ shall rot urn later on. d’o tnoi't this dillionlt\ . th<‘ 
maker (It. dung. 12 l^andhaussti-as.s(*, lloiihdhorg ; his instiaiiiK'nls, 
as W(dl as prict* lists, may Ik* ohtainod tVoni Mr. (t l>ak(M', 211 High 
llol!)orn. London) suppli<‘'' wedges to Ik* insei-l(*d umhu* the knife- 
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holder. These (Neuinayer’s) wedges, are horseshoe-shaped, so that 
they may be slipped round the central screw. They ai*e made in pairs, 
one membei- of each pair having the opening of the horseshoe at 
the thin end, the other ha ving it at the thick end. The wedge with 
the opening at the thin end is slipped under the knife-hohler 
(thm end towards the operator), and opeiates to tilt up the back of 
the knife. 

The sistei* wedge is then placed the slotted stem 01* handle 
of the caiiier, thick e/ncl towai'ds tlie operator, in oi*dei* that the 
binding-sciew may ]ia\’e a horizontal surface to bear on. The 
wedges are sold in sets of three paii*s, of different degrees of bevel. 

This simple device is quite sufficient so long as the utmost pre- 
cision of section-cutting is not required. For more elaborate work 
it is convenient to em2)loy a S2)ecial knife-holder, which provides a 
means of ele\’ating or dejn essing the back of the blade by rotating 
the blade round its axis. >Similar (contrivances have been described 
})y Dr. Hesse (in the ‘Zeitschi-ift fur wissenschaftliche Mikr(^sko2)ie,’ 
xiv. 1, 1897, 2>- ; see ‘Journal of tJie Royal Microsco2)ical 80c.’ 

1897, j). 441), and by Prof. A2mthy (‘ Zeitschr.,’ xiv. 2, 2^- and 
‘Journal,’ 1897, p. 582). This last is rather conqJicated to work 
with, and conse(|uently the Naples Zoological Station has worked 
out a new device, made by Jung, which it is hoped will meet all 
requirements. TJiis is the ‘ Model L ’ of his 2)rice-list, and is 
figured in the ‘Journal,’ 1899, p. 540. That of Hesse is very 
sim2)le, and ought to be quitcc sulficnent where no considerable 
change of tilt is likely to be rcfpiired. It is made by Jung. 

Before leaving this part of the subject it appears advisable to 
consider briefly the (2uestion of knife-'position in general — a matter 
oil which success or failure in si^ction-cutting may often entirely 
(kq^jend. 

The 2iosition of tlu^ knife should he varied according to circum- 
stances, both according as to its slant or obliquity in relation to the 
liiK^ of section, and as to its tilt, or the ekvatiou (jf its back relatively 
to its edge. 

As regards slant — the slanting 2>osition, fig. 391, is ada2)ted for 
cutting soft and watery objeids, not imbedded, and tissues imbedded 
in celloidin, or the tike ; foi- these cannot be cut with the knife 
2)laced transversely. It is also frequently indicjited for 2^‘™fiin 
objects ; but on this lK*ad no general rule ciin be laid down. The 
transverse 2>osition, fig. 392, is indicate<l for cutting 2)arafiin sections 
by the ribbon method (see below. Imbedding Methods, Paraffin), and 
also fi'equently for cutting loose sections by the 2^ara,ffin method. 

As regards tilt: (1) The knife must be tilted enough to 

lift the under facet of the edge clear of tlie tissue as it passes over 
it, for if not the tissues will be crushed by it as it passes over 
them. (2) It must not be too much tilted, or it will not bite, but 
will act as a scraper. Pi*of. A2)dthv, who has investigated the 
subject ill ail instructive paper in the ‘ Sitzber. d. med.-naturw. 
Hection d. vSiebenburgischen Museumvereins. Kolozsvdr,’ xix. 1897, 
H. 7, concludes as follows : (1) The knife should always be tilted 
>omewhat more than enough to bring the under cutting-facet of the 
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edge clear of tlie object. (2) It slionld in g(Mieral be less lilted for 
liard and brittle objects than for soft ones, Oao’cfia-e. (-((irris parihu.^^ 
le^s for ]>aratlin than for celloidin. (d) 'fhe extent of useful tilt 
\a]*it*s (according to the angle to Avhich the knife is ground, amongst 
othei- lactors) between 0° and Ki®. (Jung’s ordinary knih^ liohhas 
have mostly a tilt of aixmt b®, whicli is only (aioiigh. w ith tlu* usual 
])lane-concave knivi‘s, foj* cntti)ig ribbons of st'olions with hard 
}»arallin.) (4) Ex(*essi \'(‘ t ilt. causes parathn s<*ctions to roll, aid may 
|a’o<luc(‘ longitudinal rifts in them. It may also sot nj» v ilaations in 
the blad(\ which ari' heaixl as a humming tone, and uhich gi\(^ an 
undulatory surface to the sections. Excessiw* tilt may often be 
lecognisod by the knife giving out a short nietalli<' nott* /|nst as it 
loavos th«‘ object. Foi- knives with ]»lane uialta -siirfaces it is s(‘ldom 
acbisablo to giv(‘ less than 1 tilt: whilst. kni\(‘s with cooeaxa* 
undm--snrfaces on tlu‘ (*ontrary may r»Mjuir(" to 1 k‘ j)lact‘(l almost 
horizontal. A knife with too little tilt will cut a second s<'ctlon. 
or a portion of one, without the object having been raised ; showing 
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that during the first cut th(‘ object was ]>r(‘ss(Ml dow n by the knife 
and ree<)\cre(l it^rlf afterwards. d’hi>- taidt isd(*not<‘d l)\Mh(^ I’inging 
tone gi\<-n out by the knite on jiassing Jmc-ly oxer the objec-t Ixdbix* it 
is raised. 1 Mblxniuaitt i ug r(Mpiij-«'s a, relatixcly liard paiatlin and 
less tilt. Witli celloidin it is very inij>ort,‘int to axoid insulHcient 
tilt, as the elastic celloidin, with too little tilt, yields Ixdbre the 
knife and is not cut. 

ddie (‘xigem'ies of section-cutting have giviai ris(‘ to e (ft-pat rarletfj 
of ohjppi Jtohlpr^ in tin's inst rument . The simj>lest is seim in (_) H, 
tig. dbl, vxhich is a pair of jaxxs clamptxl Iw sei-ews and fixed upon 
tie* pixot by t he nulled head (f . At ')i. is th(‘ viaadiu-, which indi- 
cates th(' position on th<‘ mm. seahs, dV/, and t is an agate highly 
polished. Uj)on which the nnerometer scj'ew va, works to tlrix (‘ foi-w ard 
the objt‘ct c'arri(*r. ( > S. 

TliP. ZordoiiU'dl StotioH at \ o ph’s (‘Uiploys a. lioldm- s|)eciailx d(‘- 
signed for us<* xvith paraffin ; tin* object is sohh^red with j)aiaHin on 
to tho eylimhu’, h //, fig. :>b2. d’his is supported on gimbals and may 
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1)0 sliilYod x rri ically and liorizoiitally by iimaiis ol* i li<‘ .sinall screw 
and is lastnnod ])y nieaiis of tlio inillial Ijcad, m. lb' tlu* pinion n it 
may be <1isj)laced over 90°, and as <;-r(‘at an inclimil ioii c.-m Ix' taken 
in a j)lant‘ j)Oi-pendicular to this by the su])})ortiny nua:d (V.iuk's l)y 
moans of tbo i)inion In this way every desire)! iiielination of tlie 
ol)ject to the knife can be r(*a)li]y secured. 

Fig. 393 presents the sa]ne ()))ject-liolder. Imt inst^'ad of th<‘ 
eylindm* a simple ])air of jaws with the screw n> to st'cniM' ol)i(H-ts of 
etmy xariidy. A cylimko'-liolder as in fig. .39:) can be j)laced in 
tliese jaws li-om x\bic*li tin* Ixoadils of tlu* X(‘a])olitan holder can })e 
secured. Hut. lig. .dOli shows a still gi-oater imja'oo'ment whieli can be 
applied to both ol)jeet hohha s, \ iz. a pp.i'peturicnlar (iiHpUiavitumt />// 
means of a coy and p 'nuon. governing tlie lieiglit of the mass from 
which the sections ar(‘ to be ent. 

ddie elevator in fig. .39:) is snppoi'ted on om‘ si<l(' l)vthe prism P, 
and on the other by tin* rod C; these aiv joi)))*.! by the Vtridge 



Fio. :)i)4. — Object-liokler movable about two horizontal axes at t i,L;l!! aiiLrlfs 
to each other. 


to which a cogged bar is fastenok into wliich a ]>inion catches, which 
is moved Ity the levaa- Wallowing a perptanlieidar displacement of tin* 
olpeel ol‘ 1 3 mm. At (> is the milliim'tie scah‘ on w hicli the perpen- 
dicular displaeemenl can la* rood olf by means ot'tlie imlex X.. 

All object hold)'!- movable .aboni two horizontal axes situated 
jxM jamdienlai ly to each otlim- is s«M‘n in lig. :’)9l. 33ies(‘ positions 

ar<* fixed by the milled bea<ls />’. h, shows tin* jaws tor bolding the 
object . i iito w bieli. how t‘V (*r. cylind(*rs like tig. .’hh) mav 1 h‘ intro- 
)lnc)Ml. Pin's ol)jecl lioldm- has a pei jnmdicnlar disj)laccm(mt con- 
trolhal by a scicw . 33)(* part. K. winch supports tlH‘ chief axis of tlu' 

ja w s, is tit 1 (mI on to t h(‘ t riangnlai- prism S/, t he low in' jiart ot vv liicllis 
tnriiisluM] with hingt's ; on lh<‘ hinge thi' scriov \' moves, w hieliatils 
uppm- end lies close to K, and is sustained in this position hy tlu* 
st(‘<‘l plat.(‘ 7 , so that K is carried np .and down with it. and this 
movetnent is ri'ad off hv a scale und)*r S. 


it ir 
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hand ; but it is niucli niort* accnrab* to (‘ontiol its inovcinont w itli 
tlu^ micrometer screw. The [xdiit of this screw in fiii. t. w oj ks 

oil the polished plane of an agate cone. The clamp on which the 
screw is mounted is held firmly in its [)lace by tlu‘ milhMl la-ad W in 
Hch. It may stretch iij) as far as ( ), being refast(*li{‘d })\ \\'. 

The screw /y/. is so cut that, a singU? rotation moves the slide on 
the lyoi) nim., which in the inclination of the j)hna‘ of ] : 20 gives 
an elevation of th(^ obj(‘ct of mm. The baircl or drum, Iv, 

situal(id on tlu* axis of the screw, is divided into fifti'cn parts; con- 
se([iu‘ntly the interval of each division corrc'sponds to an clcx .-ttion of 
I,/,,,, mm. 

Tlu‘re is also an action by means of a sjjring which gi\'<'s lh(‘ eai' 
as well as the <‘y(^ cognisance of the amount of elevalion w liicli has 
taken phice, which greatly relieves the (‘ye. This. ho\\(‘\(‘r. can ))e 
brought into action oi* not at the option of the o|>eratoi-. 

Besides th(‘S(‘ ol)j(‘ct-holders a freezing a])pai-atus can he add(‘d 
which is sim])ly jilac(‘d on th(‘ obj(‘ct -slide* as shown in tig. ‘{1)7. 



The freezing is effected by <‘th(‘r-spr.ay. .\ sp(‘cially favourahh* 
edect is obtained if the cylimha- // is mica and not glass. .\ layer of 
water fr(‘(*zes in from thirty to thirtv live s(‘conds. 

.\n arrangejuent of the 'Thoma for cutting Zu/v/c ohjt‘cts has abo 
bet‘n de\ isi'd w hich is illnstrat(*d in fig. .’198. 

dMi(‘ knife is to he [da(:*(‘d considei-ably higher in front than 
hchiml, in ordei- to lessen tlx* pi«‘ssur(‘ on the olpccts. In order to 
satisfy all (hanands. tin* knife r(‘st is adjustabh*. 

Th<‘ knife is so ai rangcd that tla* whoh* length of hlcdc can la* 
n.^i'd. and th(‘n tia* scri'W c is fairly t ight ly .'^crowed <lo\\i\. Asstrong 
l;ni\^‘^>. i'\(‘nofa f'ligth of .’It) cm.. (*asil v gi\ (\ a knife support lias 
hccii constructed; this is fastcm*d h\ the scrt‘W c' to the carrier, 
ria* support is arr.-mg(‘d p:oalh'l with tlx* hack of tlx* knife M ; it* 
tlx* i*.\1r(‘mitv h la* slight. 1\ pri'ssial ) >ack wards, so lh.it it louclx*.'^ tlx* 


H H 2 



■Jung’s sliding microtome for very large objects. 
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knife, it is then fixed in this 2 )osition by the sei ew o (scai'cely evident 
in the illustration). 

This done, the spirit-vessel S/? can be arranged in a position 
which will not interfere with the free movement of the knife. In 
order that a stream of spirit may follow the knife over the object, 
the following arrangement is adopted. The spirit-vessel turns 
round an axis on the column h ; to it is joined the arm L, which 
carries in front the fine tube r (connectecl with 1 1'), and also the rod 
p ; the latter is movable perpendiculai-ly, and to its lower end a 
bridge or giip with two small rollers i and is fastened. The rod 
p is so placed that on each side of the metal sti-ip scaewed oix to 
the knife-siippoi't, there is one of the rollers, lly the adjusting 
screws 8 ^, the wliole apparatus is so arianged that, when the knife- 
carrier is in motion, no other friction occurs than that of the rollers 
on the strip h h h. 

The vessel is filled by screwing ofi* the head Z. As the tube r 
acts as a siphon, it is necessary, when the cock is turned on, to blow 
down the tube. The stream of spirit shoidd be directed at a right 
angle to the knife, and about the middle of the object. This done, 
the object 0/>, by means of the screw K, is firmly gi'asped in the fangs 
of the object -carrier ; the correct direction for the position of the 
knife is given to its surface by the screws at f and and then 
the axes of tlie fangs are tightene<l iq) by tlie levers q and q' . If 
the height of the object is not quite correct, adjustment is made by 
the screw m. By turning the screws 8 , 8 the holder is fixed. 

Y is a wheel with cranked axle E#c, and this by means of a cat- 
gut band moves the knife. 

For tlie rapid production of rihhons of spctiojis, however, the 
instrument par excellence is the Cambridge rocking microtome. It 
is illustrated in fig. 899. 

The principle is the employment of a rotary instead of a sliding 
movement of the parts. Two uprights are cast on the base-plate, 
and are provided with slots at the top, into which the razor is placed 
and clamped by two sciews with milled heads. The inner face of 
tlie slot is so made as to give the i-azor that inclination which has in 
pi aetice been fouial most advantageous. The razoi* is thus clamped 
between a flat surface and a screw acting in the middle of the blade, 
and the edge of the razor is consecpiently in no way injured. 

The imbedded object is cemented with paiaflin into a brass tube 
which fits tightly on to the end of a cast-iron lever. This tube can 
be made to slide backwards or forwards, so as to bring the imbedded 
object near to the razor ready for adjusting. It is now furnished 
with a mechanical arrangement for accurately adjusting the position 
of the object. The cast-iron lever is pivoted at about 3 in. from the 
end of the tube. To the other end of this lever is attached a cord 
by which the motion is given, and the object to be cut brought 
across the edge of the razor. The healings of the pivot are 
V-shaped gi'ooves, which themselves form pai*t of another pivoted 
system. 

Immediately under the first pair of V’s is another pair of inverted 
V^s, which rest on a rod fixed to two upilghts cust on the base-plate. 
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A liorizontal avin })r()jtH-t,s at n\inlit aii'ihts to tlio ]ilaii(‘ of the two 
sets of V’s, t]i(‘ whole being parts of the same easting. On the end 
ot tlie horizontal arm is a boss with a hole in it, through which a 
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screw passes fi-eely. The bottom ot the boss is turned out spheri- 
cally, and into it fits a spheriad nut working f)n the screw. The nut 
is pi*evented from tuiming by a pin passing loosely through a slot 
in the boss. The bottom of the screw rests on a pin fixed in the 
base-plate. 

It will be seen that the effect .of turning the screw is to raise or 
lower the end of the hoi izontal arm, and therefore to move backwards 
or forwards the uppei- pair of V’s, and with them the lever and 
object to be cut. The top of the screw is provided with a milled head, 
which may be used to adjust the object to the cutting distance. The 
distance between the centres of the two pivoted systems is 1 in. and 
the distance of the screw from the fixed rod is in. The thread 
of the screw is 25 to the inch ; thus, if the screw is tui-ned once round, 

the object to be cut will be moved forward of or 

The tui'iiing of the screw is effecte<l autematically as follows^: 
A wheel with a milling on the edge is fixed to the bottom of the 
screw ; an arm to which a pawl is attached rotates about the pin 
which supports the screw. This arm is moved backwards and for- 
wards by hand or by a cor<l attjK'hed to any convenient motor. 
Wh€m the arm is moved forward the pawl engages in the milling 
and turns the wheel ; when the arm is moved back tlie pawl slips over 
the milling without turning the wheel. A stop acting against the 
pawl itself prevents any possibility of the wheel turning, by its own 
momentum, moi’e than the required amount. The arm is always 
moved backwards and forwards, between two stops, a definite 
amount, but the amount the wheel is turned is varied by an adjustable 
sectoi*, which engages a pin fixed to the pawl and prevents the pawl 
from engaging tl\e milling of the wheel. By adjusting the position 
of this sector, the feed (*an be varied from nothing to about of a 
tui*n ; and hence, since the screw has 25 threads to the inch, the 
thickness of the sections cut can be varied from a minimum, 
depending on the perfection with which the razor is sharpened, to a 
5 . 1.1 1 

maximum of of of ^^7 or a turn. The practical mini- 

mum thickness obtainable wdth a good i*azor is approximately 
inch. The values of the teeth on the milled wheel ai*e as follows : — 

000625 mm. 

001250 mni. 

0025 mm. 

01 mm. 

The movement of the lever which cairies the imbedded object is 
effected by a string attached to one end of the lever. This string 
piisses under a pulley and is fastened to the aim carrying the pawl. 
Attached to the other end of the lever is a spi ing pulling downwards. 
When the arm is moved forward the feed takes place, the string is 
pulled, the imbedded object is raised past the razor, and the spring 
is stretched. When the arm is allowed to move back, the spring 
draws the imbedded object across the edge of the i*azor, and the sec- 
tion is cut. The stiing is attached to the lever by a screw which 


1 tooth of the milled wheel = in. = ■ 

2 teeth „ „ =2okojn. = ' 

16 „ M in.-* 
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jillows the pasition of the imbedded object to be adjusted, so that at 
the end of the forward stroke it is only just past the edge of the 
razor. This is an im 2 )oitant adjustment, as it causes the razor to 
commence the cut when the object is travelling slowly, and pi'oduces 
the most favourable conditions for the sections to adheie to each 
other. 

The following are perhaps the most pi ominent advantages of this 
instrument : (1) 'The price is low. (*2) Manipulation is simple. 
(3) The work is rapid, and extremely accurate. (4) There are no 
delicate working parts which can get out of order, and the wliole 
instrument is easily taken apart for packing, and is xery poi'table. 

The above desci*iption i*efers to the oi*iginal foi*m of the instru- 
ment. Later, the Cambridge Scientific Jnstrument Company have 
brought out an iirqmned form, at a liigher price. lA^r most 
purposes the original form will suffice. The instrument is said by 
the makers to cut c^lloidiu objects ; ])ut foi* this purpose a sliding 
microtome will certainly be found jaeferable. 

The Minot microtome, of which a description may be found in 
the ‘Journal of the Royal Microscopit*al Society,’ 1^89, p. 143, is a 
neat instrument designed, like the Cambi*idge incker, for cutting 
ribbons of j)araffin im})edded objects. It is worked on the sewing- 
machine i)rinciple, and cuts very ra])idly. But its work is not so 
fine as that of the Cam})ridge instrument, possibly on account of in- 
sufficient compensation in the working parts. This defect is said to 
have been satishictorily overcome in the beautiful instrument, con- 
structed on the same principle, of Reinhold, a desciaption of which 
may be found in tlie journal above (pioted, 1893, p. 706. Tlie work 
afforded by this instiaiment is certainly of the highest order, but 
the price is against it, as it costs about 20/ Botli of these instru- 
ments are said to be able to cut celloidin sections ; but it is self- 
ev'ident that they are not so well ada|>t(‘d for that pur[)ose as the 
sliding microtome. 

It is unnecessary hei*e to do more than allude to the large and 
cumbrous instruments specially designed for cutting sections of 
brain. 8uch is the miciotome of Strasser, of which a descri})tion 
may be found in the ‘ Journal of tlie Royal Microscopical Hociety,’ 
1892, p. 703, and that of Guddeii and others. They are only 
required foi* certain very special neurological researches, and aie 
not at all adapted to the wants of the zoologist or histologist in 
general. For these, we may here i*epeat, the all-round instrument 
par excellence is Jung's medium-sized Thoma microtome, No. IV., to 
which, if lengthy series of pai*affin sections be frequently required, a 
Cambridge rocker may coiu'eniently be added. 

But it is needful also to describe one or moi*e of the best instru- 
ments designed specially foi* cutting sections by congelation or freezmy 
f)f the imbedding mass. Ur. R. A. Hayes designed an ether freezing 
mici'otome with the object of affording to those who have occasional 
need to cut sections of tissues for pathological investigations, (fee., 
the means of doing so quickly, conveniently, and accurately. It is 
illustrated in fig. 400. It is very compact, solidly constructed, and 
simple in plan. It freezes lapidly, and permits sections of large 
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svii-racH' to be hiihU^ witli precision, stn-t ions 1 in. X J in. Iriviiig 
been cut by it vvitliout ditbculty. 

It consists of a solid cast-iron bas(‘. A, 10 in. X 4’, in., wliicli 
rests upon a ina!\oi;any block. Ext«‘n<ling the whole Icngtli of the 
tipper surface of the Itase is a V-shajied guttei*. on the plaiuMl si(h‘s 
of which sli(l(‘s a hea\y metal block, Ik on I la* flat top of* w hich 
the razor is s(‘cured (any ordinai-y razor can be used), the tang- 
being grasp(‘d between two Hat piec*<‘s of iron, which ar^* pi-('ssed 
together by a winged nut, C. The razor by this arrangeiiuMd can 
be secured at any desired angle to the diri‘ction of its motion to 
and fro. 

The freezing-chamber is formed by a short vulcanite cylind(*r. I k 
its lower end being screwed into a brass bas(‘, E. To its uppio- ('lal 
is fastened by two bayonet-catches a brass jdate, F, on which the 
tissue to be cut is placed. Inside the cylinder, I), and rising from 
the base, E, is an oi-dinary spray, th(‘ air ami ether being siij>[)lied 
through tubes, g and H, passing outside through the bas(‘. There 



Fid. 400.— Dr. Hayes’s ether freezing inicroldiue. 


is also an o])ening in the floor of the chambei communicat ing w ith 
the tube, to allow the oxerflow of ether in case/ of* any accumulation 
inside the cylinder ; any such overflow may be returned by the tube 
to the ether supply bottle. K. The fr(‘ezing-chamb(‘r is seemed to 
the top of the micrometer sere ‘W .arr.angeuumt. Z. which is of tin* 
simplest form, but has a jierfectly simx^th and regular motion. The 
nut is divid<*d to indica1<‘ a section (tOI mm. in thickness, but half 
this ihickm'ss can hi' lait without dillicultv. 

The iiH'thod of using the microtonu* is \ cr\ simple. The slide 
and block. 1), haxing bemi car<*fully l ublx-d ch\an and wadi oiled, tlie 
razor is clampe<l at any di'sirial angle. th(‘ liottli*. K. is (ilkal with 
ether (good dry methylat(‘d <‘ther answras pm fectly), and the piece 
of tissue' to b(‘ cut, ha\ ing Ihhmi ])i-eviously saturated with thick gum 
solut ion, is plac('d u])on the plate F. and the spray whicli plays upon 
tlu' und(‘i- surfaci' of th(' plate. F. si't working bv tlu' haiid-pumje 
M ; in a shoi t tiuu' the* tissue' will bta tVozi'ii epiite through, and it* a 
numlier of sections an' re(piln*d, an occasional stn>ke' or two of tlu' 
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The .size of tlie screw give ‘.s a jnoic ,sic.i(l\ inoviaiitait 

than was possessed by the older and smaller miciotome, wliile llu* 
greater circumference of the screw-head enables an ojxaator to iiii- 
[)art a liner movement to the screw. The relatioii ])e{\\t‘en the pitch 
of tlie .screw and the circumference of its head is .such that if the 
edge be moved forwai*d a quarter of an inch, an object will be raised 
one-thousandth of an inch ; and if it be moved an eighth of an inch, 
the object will be raisi d a t w o thou.sandth of an incli 

In the original instrument the plate was sujjpoited on tA\o 
[)i liars, in order that as little heat as pos^sible might be conveyed tf) 
the freezing-jdate fi*om the body of the instrument. In the new 
instrument the size of the three su})porting pillars and screws is so 
much reduced that the conducting surface is not greater Ilian in the 
old microtome. The aii'angement for cutting imlxsldcd sections 
con.sists of a tube which tits the jirincipal well of tlu‘ mici'otome, and 
within which fits a hinged part similar to an ordinary vice. With 
the instrument ar(‘ laoviihsl the means of ])reparing jiarafhn blocks 
for imbedding sections. 

When it is intended to use the microtome for imb(‘dding, the 



Fi(i 40*2 — Holder for Cathcart’s niicrotonie. Fre. 403.— Droppnig-bottle. 

ether spray, sjiray-bellows, and ether-bottle should lie removed, and 
thejfreezing-tube, having been rai.siMl as lar as jiossilde by mt'ans ot 
the principal screw, should tlaai be withdrawn from the wadi. Tlu' 
niibodding taibe, hg. 402, is now ])lac(Ml in tho w tdl, a nd. haxing been 
pu.shed dowui until it rests upon th(‘ [loint ol“ the large screw , ir nia\ 
be lowered to a convenient height b\ working the large screw back 
wards. 

Mr. Cathcart rei'omimMids in freezing with this instrument that 
a, few drops of mucilag(‘ (1 [lart gum to parts water) b(‘ placed on 
the zinc platcg and that a piect' of t Ik* t issue be cut . oi about <i (piarter 
of an inch in thud<n(*.s.s. and pi (‘s.^ed into the gum. th(‘ ('therbotT le. 
filled wdth anhydi ons nndliA lated etliia*, is bikiai and the spray jioints 
pushed into th(>ir socdsid. All spirit niiist of conrst‘ have been pre- 
A’iou.sly r(‘nio\(‘d by soaking fora night in watm* Tlu* tissue should 
aftmwards 1 h‘ soaked in gnin lei a liki' tune bidbri' being cut. 'ria* 
operator must now work tin* sjira\ Ixdlows luisklx until tla^ gum 
begins to freeze; after this, woik nion' gmitly. Uaisi' tlu' ti.ssm* by 
tui'ning till' nii11(‘d head, .md cut b\ vlidinii the knife .doiiii tlu' iila; 



476 PREPARATION, MOUNTING, AND COLLECTION OF OBJECTS 


Hounting. — By the term ‘ mounting ^ is meant the arranging of 
specimens on slides in such media and in such a manner as are most 
favourable for the demonstiation of their minute structure by the 
microscope. In the case of the most numerous and important class 
of objects that it is the function of the microscope to scrutinise, 
namely, those derived from the substance of animal oi* vegetable 
organisms, it is found that no methods of mounting will avail to re- 
veal their minute structure unless the specimens have first been 
submitted to the fi*equently very elaboi*ate processes of pi*evious 
preparation to be hereafter described undei- the heads of Fixing, 
Imheddmy, Section-cutting, Staining, and the like. But still there 
are many objects of interest and beauty that can be satisfactorily 
mounted without the aid of these elaborate processes of pi*evious 
preparation. And as also the manipidations of mounting sensu 
stricto are in principle the same in both cases, it appears advisable 
to make the. descri})tion of the processes of mounting precede that 
of the processes of previous preparation ; merely warning the 
beginner that in the case of the majority of specimens intended to 
illustrate the minute structure of the tissues of eithei* animals or 
plants, such previous prepai’ation is a sine qna non. 

The manipulations of mounting will alone be described hei*e, the 
most useful mounting media being described later on (‘ Preserva- 
tive and Mounting Media '). 

In dealing with the small (piantities of fluid media required in 
mounting microsco[)ic objects, it is essential foi* tlu^ operator to be 
provided with the means of ti*ansferring very small quantities from 
the vessels containing them to the slide, as well as of taking up from 
the slide what may be lying su])erfiuous upon it. Whei*e some one 
fluid, such as glycerin, is in continual use, it will be found very (nn- 
venieiit to keej) it in the small dro})ping-bottle represented in fig. 403. 
The stopper is perfoi’ated, and is elongated below- into a fine tube, 
whilst it exjiaiids above into a bulbous funnel, the mouth of wdiich is 
covered w-ith a piece of thin vulcanised indiarubber tied firmly 
round its lip. If pressure be ma<le on this cover with the point of 
the finger, and the end of the tube be immersed in the liquid in the 
bottle, this w-ill rise into it on the removal of the fingoj* ; if, then, 
the funnel be inverted, and the jnessure be reapplied, vsome of the 
lesidual air will be forced out, so that by again immersing the end 
of the tube, and removing the pi-essure, more fluid will enter. This 
operation may be i*epeate<l jis often as may be necessary, until the 
bulb is entirely filled ; and when it is thus cliarged with fluid, as 
much or as little as may be needed is then readily expelled from it 
by the pressure of the finger on the cover, the bulb being always 
refilled if care be taken to immerse the lower end of the tube before 
the pressure is withdrawn. We sj)eak from large experience of the 
value of this little implement, which is very clean, simple, and use- 
ful. But the small pipettes now- used so commonly for filling the 
stylographic pens, fitted into the centre of a cork and placed in any 
wide-mouthe<l bottle, will he found to be, though less elegant, 
equally useful and much less costly. 

Solutions of Canada balsam and gum-dammar in volatile fluids 
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;ir(‘ Ix'st k(‘])t ill \vi(l(‘ nioiitlnxl jars, tli<‘ licpiid ))i‘iiiii- taken 

out on a |)oini(“(l ^lass rixl. cut t»> sneli a loni^tli as will (‘nalile it 
1 o stand ill the jai* when its cap is in place. (Ireat eaic slionld h(‘ 
taki'ii to keej) tlie inside* ol'tla* caj) and the part oI’iIk* neck ot the 
jar on which it (its (do(nt. so as to pr<*\cnt tla* fixation oftla* 

neck hy the* adla'sion l)(*tw(‘(‘n these two siirface-s. Should such 


adlu'sion take* place*, the* cautions applicati<‘n of the* heat of a spirit- 
lamp will usually make* the cap re*mo\ alile*. In taking- out tile* 
liepiiel care* slmulel he* take‘ii not 1e, elreip it pre*mat ui e*l v freim tile rod 
— a mischance* which may he a.voiele*d ])y not takin*^- u|) more* than it 
will j)ro))e*r1y carry, anel hy holelin^- it in a hea izemtal |>e>s;lie)n. after 
drawing it e)ut e)f the* l)(>ttle*, until its point is Just f)\e r the .slip or 
cover on w hie*h the* liepiiel is to he (le]»osite(l. 

A hot tie* loi- use* with re*age*nts. e*nahling the* e)pe*rat ea* to pour out 
only the epiaiit ity he* ele*sires, isinvaluahle. Small cappe*elanel stojipered 


he)ttle*s, the steippers of 
which {ii‘e tuhes, and the 
well-fitting caps of which 
prevent eva] oration, are* 
v’ery vahiahh* tor aepieeius 
anel thin fluiels. W'e* illus- 
trate this hottle* in tig. dO-l. 
All that is ne'e'elful is to 
take the' heittle*. with the* 
e*ap off, in the warm haiiel, 
anel hy slight expansiein a 
elroj) e>r hioi'e* as re*epiired 
is e*.\Uelee|. 'rhe*se‘ hotth's 
are* easily pi-e)e*urahle*. 

Ihit we* like* st ill better 
the* small (h*rman heetth's. 
shown in lig. lOd. e*e)ntain- 



l*''i<;. tai. t'n;. ior>. 

I'-xpansion (Irop- (Icruiiiii dvcp-bottle. 

bottle. 


ing aheuit 'M) gramme*s. in 

which twe) ele'(*j> gre)o\ e*s are* cut on op[)osite siele*s of the sto])pe*r. so 
arrange*el that hy gixing the stoj)})er halt' a turn eine greieive* is 
e'e)nne*e*te*el w ith a Imh* in the* nee*k eef the* heittle* ; this w ill he* seen at 


<( in lig. dOo ; the' air tta\e‘ls elown this greieixe*. anel Ity inxe'rtiiig the* 
hottle the* tluiel e*nte‘rs the* eethei- greM)\e* etf the* '>te)ppt*r ami tinels its 
W'av to a thirel greeeive* cut in the* insiele* e)f the* ne*e*k anel e‘Xle*nelin;r te) 
tlu^ lip. TJu‘ s]iv)\\s tlu‘ hot t it' tnnnplt'lt'. 

Mounting Thin Sections.- It ise*ustomary tee re*e*ommenel the use 
eef Sse*e*tion lifte*rs in e)rele*r te) r;iise* ele‘lie-ate* se'clieens e)ut of the* Muiel 


in whie*h the*y finally are* plae*e*el inte) the* pe)>itie)n in whie*h thex are* 
to be me)unte*el. beer X cry large* se*ct ie)ns 1 he*y are* preehahly essential ; 
hut tVeim pe']-se)n.il e*xpe*rie*ne'e*. suppe)rte*el hy the* nmst .Me*e*e)mplishe'el 
histe)le)gie*al nmunte'rs e)f eair time*, xx e* he*lie*xe* the'in te) he* aelxe'rse* te). 


rathe*r than jereauotixe* of, ge)o»l se*e,*t ion me >unl i ng . ( >ne* e)f the* 
many j>atte*i*ns re*e*e)mme*nele‘el is shoxx n in tig. lOh. xvhe*re* it xx ill he* 
se*e*n th.'d eene* e*nel of the ‘lifte*r’ is pe*rtbr,-(t e'el. for the* pui|)e)se' e>f 
elrainage*. ami the* e)the*r is plain. 

ddie* pre*scnt xx lit e'l- e-anne)t cnelorse* the* re“e*( »mm»*nelat ion of this 
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iiistruinent, but t)ve fers a siiiooth igl^^rod. jjr ; the section in 

fluid can easily be made to wi-ap^TtselT round the rod, from which it 
may be rolled off into a drop of liquid placed on tlie slide. It must 
be manifest that the less we have to manipulate such delicate sections 
{IS we are now considering, the better ; to get a section on and off 
the ‘ lifter ’ is {i needless process. We should, {is stated above, 
mount on the cover-ylass, iind this cover should l)e the only lifter 
employed. 

The cover must be C{irefully cle{nied, and propeily selected as to 
size and tenuity. By means of {i needle or the handle of an ivory 
dissecting-kiiife tlie cle{iring fluid in which the section is resting 
prior to mounting is gently disturbed, in {i good-sized vessel or 
S{iucer, until the section desired is in its proper position on the 
cover. Now hiy the (H)vei% section upwards, on fresh blotting-pa 2 )er, 
to take off the superfluous li<pii<l from the free side of the cover, and 
then hold the edge of the sli^J lii Jin angle, more or less {icute, with 
the section towards the blotting-iijqier, but never suffering the 
former to touch the Ijdter ; when this has removed the sujierlluous 

liquid from the section, lay the 
clover, section ujiwarils, on i\ 
gl{iss sli]), put on (say) the 
benzol balsjim until it stands in 
{in (‘venly diffused mound cover- 
ing the section, and lay it aside 
{ibsolutely protected from dust 
for twenty-four hours in order 
that the benzol imiy evaporjite. 

Now bike it out, phice ujion 
the centre of the section one 
snaill drop of fresh benzol 
b{ilsam, {ind turn the cover over 
Pt(r. 4()G on to {I W{irm sli[), being C{»reful 

to have guides to the jiosition on 
the slij) on which it should be fixed ; {ind in {in hour or so we imiy 
clean off superfluous b{dsam {ind finish the slide. 

To those who mount much this wull jirove the ipiickm* plan, jis, 
for fine results, it is undoubtedly tlie better. 

The abo\'e considerations refer only to loose sections in fluid, 
or thin membranes, or other thin {ind isolated objects. Tt is one of 
the advantages of the p{iraliin process tliat witli pjuaffin sections no 
lifter is requii ed, as these {ire cut dry, and being stiffened by the 
paraffin miiy be lifted by means of a flat c^imers-hair br ush, oi‘ {i 
scalpel or forcejjs. The maniimlations of mounting series of sections 
on one slide are desci-ibed uniler ‘ Imbedding Methods.’ 

When the preparation luis been previously immersed in aqueous 
liquids, and is to be mounted in glycerin, glycerin jelly, or 
Farrants^ medium, tlie best mode of {ilacing it on the slide is to float 
it in a saucer- or shallow capsule of water-, to place the slide or cover 
beneath it, and, when the object lies in a suibible position above it, 
to mise the slide or- cover- cautiously, holding the object in place by 
a needle, until it is entirely out of the water* ; and the small quantity 
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of liquid still surrounding the object is to be «irefully drawn off by 
blotting-paper, care being taken not to touch the object with it (as 
its fibres are apt to adhere) or to leave any loose fibres on the' slide. 
Before the object is covered, it should be looked at undei' a, 
dissecting or mounting microscope, for the purpose of improving (if 
desirable) its disposition on the slide, and of removing any foi*eign 
particles tluit may be accidentally present. A drop of the medium 
(liquefied, if necessary, by a gentle warmth) is then to be placed upon 
it, and another drop placed on the slip or cover and allowed to spread 
out. The cover being then taken up with a pair of forceps must be 
inverted ov^er tlie slide, and Imai^ht jb() tqudi it at one part of its 
nuirgin, the slide being itself inclined in the direction of the place 
of contiict, so that tlie medium accumulates there in a little pool. 
By gently letting <lown the cover, a, little wave of the medium is 
pressed before it, and, if enough of the medium has been deposited, 
the whole sjjace beneath the cover will be filled, and th(‘ object com- 
[)letely saturated. I_f^ air-bubbles should unfortunately show' them- 
selves,^ tlui cover must be raised at one margin, and a further quantity 
of J^ho^ip folium deposUed . 

If, again, there are no air-bubbles, lait the medium does not 
extend itself to the edge of the cover, the cover need not be raised, 
l)ut a, little may be d(*positedat its edge, wdience it will soon be drawn 
in by capillary attraction, especially* if a gentle warmth be applied 
to the slide. It will then be advantageous again to c^xamine the 
pre])a.ration under the dissecting microscope ; for it will often happen 
that an opportunity may thus be found of spi*eading it better by the 
a])plication of gentle ])ressui-e to one part or another of the covering- 
glass, wdiich may be done without injurious eftect either with a stifi’ 
needle or by a pointed stick ; a method whose peculiar value, when 
viscid media are enq)loyed, was first [)ointed out by Tir. Beale. The 
slide should then be set asid(' for a few' days, aften- which its mount- 
ing may be completed. Any excess of the medium must fircst 
be removed. If glycerin has been employed, much of it may be 
draw n off by blotting-paper (taking care not to touch the edge of the 
cover, as it w ill be very easily disj)laced) ; and the remainder may be 
washed away with a caiuers-hair brush dipped in water, wdiich may 
be thus carried to the edge of the cover. The watei- having been 
drawn off,, a narrow* ring of liquefied glycerin jelly may be made 
arotoul — not o;/ — the margin of tlie cover (according to the suggestion 
of J )r. S. Marsh) for the purpose of fixing it before the cenmnt is 
applied ; and w hen this has set, the slide may be placed on the turn- 
table, and the prejiaration ‘ sealed ' by a ring either of gold-size or 
of Bell’s cement, which should be curried a little over the edge of the 
covei-, and outside the margin of the ring of glycerin jelly. This 
‘ 1‘inging ’ should be repeated two or three times ; and if the pre- 
pa lation is to be viewed w ith ‘ oil-immei*sion ’ lenses, it should be 
finished off with a coat of Rollis's glue or Bell’s cement, which are 
not attacked by cedar oil. Until the cover has been perfectly secured, 
a slide carrying a glycerin pi tqia ration should never be placed in an 
inclined position, as its cover w ill be almost sure to slide by its own 
weight. If glycerin jelly oi* Faii-ants’ medium has been employed, 
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less ciiution need be used, as the cover-glass, after a few days’ setting, 
will adhere with sufficient firmness to resist displacement. The 
superfluous medium having been removed by the cautious use of a 
knife, the slide and the margin of the cover may })e completely 
cleansed by a camel’s -hair brush dii)ped in warm water ; and, wlien 
(juite dried, the slide, placed on the turn-table, may be sealed witli 
gold-size — any other cement being afterwards added, eitlier for 
additional secui*ity or for Sippearance.’ 

It is well ill mounting in glycerin jelly to soak tlie object 
[)reviously in dilute glycerin, and we prefer to ‘ ring ’ with benzole 
and balsam, which sliould harden. Then coat the ilng with shellac 
varnish two or three times and permanently finisli witli thin coats of 
gold-size. 

When, on the othei* hand, tlie section or other pre})a ration is to 
be mounted in a r^sinofts it must have been pi eviously pn*- 

pared for this in the modes desci-ibed fui'ther on, wliicli will present 
it to the mounter either in some essential oil, or in xylol or benzol 
or the like, or in alcohol. From either of these it may be transferred 
to the cover or slide in the manner already described. 

The thin sections cut by the microtome, or membranes obtained 
by dissection, do not recpiire to be placed in cells when mounted in 
any viscid medium ; since its tenacity will scr\e to ke(‘p off injurious 
pressure by the cover-glass. 

Mounting Objects in 'Natural’ Balsam. — Althougli it is pn*- 

ferable for histological ])urposes to employ a sohition of hardened 
balsfim, as directed under ‘ Mounting Media,’ yet as there are many 
objects for mounting for which the use of the ‘ natural ’ balsam is 
preferable, it will be well to give some directions for its use. When 
sections of hard substances have been grouml down on the slides to 
which they have been cemente<l, it is much belter that they should 
be mounted without being detached, unless they have become clogged 
with tlie abraded particles, and recpiire to be cleansed out — as is 
sometimes the C4ise with sections of the shells, spim‘s, of echino- 
derms, when the ba,ls:un by which they have been cemented is too 
soft. If the detachment of a specimen be <lesirable, it may be 
loosened by heat, and lifted oft’ with a cjimers-hair brush dipped in 
oil of turpentine. But, where time is not an object, it is far better 
to place the slide to steep In ether or chloroform in a, capped jar 
until the object falls oft* of itself by the solution of its cement. It 
may then be thoroughly cleansed by boiling it in methylated spirit, 
and afterwards laid upon a jdece of blotting-] )a per to dry, after 
which it maybe mounted in fresh balsam on a, slide, just as if it 
had remained attached. The slide having been waimed on the 
water-bath lid, a sufficient quantity of balsam should be dropped on 
the object, and care should be taken that this, if }>reviously loosened, 
should be thoroughly peneti-ated by it. If any aii*-bubl)les arise, 
they sliould be broken with the needle-point. The cover having 
been similaily warmed, a drop of balsam should be placed on it, and 
made to spread over its surface ; and the cover should then be 
turned over and let down on the object in the manner already de- 
scribed. If this opei’ation be ])erformed over the water-bath, instead 
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of over the spirit-lamp, there will be little risk of the formation of 
air-bubbles. However large the section may be, care should be taken 
that the balsam is well spread both over its surface and that of 
its cover ; and by attending to the precjiution of making it accumu- 
late on one side by sloping the slide, and letting down the cover 
so as to di’ive a wave before it to the opposite side, very large sections 
may thus be mounted without a single air-bubble. (The Author has 
thus mounted sections of Eozoon three inches square.) Tn mounting 
minute balsam objects, such as diatoms^ polycystince^ sponge- spicides^ 
and the beautiful minute spines of ophiuricla, no better plan cfin be 
adopted than to arrange these objects airefully upon the cover, 
either by ‘ scfitteiing ’ or ‘ ari-angement,’ and then to droj) on to the 
whole cover and its arranged objects as much balsam as the cover 
will receive without overflow ; this should stand free from dust for 
some hours, after whic*Ii the partly hardene<l balsam may receive a 
small drop of fi’esh balsam, and being placed upon the slip in proper 
position, may by the use of gentle heat be pi-essed finally into j:)osition. 
When the chitinous textures of insects are to be thus mounted, they 
must be first softened by steeping in oil of turpentine ; and a large 
drop of balsam being placed on a warmed slide, the object taken up 
in the foi*ceps is to bo plunged in it, and the cover (balsamed as before) 
let down upon it. It is with objects of this class that the sjn'hty- 
clip and sjndng -press prove most useful in holding down the cover 
until the balsam has hai-dened sufficiently to prevent its being lifted 
by the elasticity of the object. Various objects (such as the palates 
of gasteropods) which have been prepai*ed by dissection in water or 
weak spirit may be advantageously mounted in balsam ; for which 
purpose they must be first dehydrated, and then traiisfeiTed from 
rectified spirit into turpentine or one of the other ‘ clearing agents ’ 
mentioned below. Sections of horns, hoofs, tfec., which afibrd most 
beautiful objects foi- the polariscope, are best mounted in natural 
balsam, which has a reniJirkable power of increasing their trans- 
parence. It is better to set aside in a warm place the slides which 
have been thus mounted before attempting to clean off the super- 
fluous balsam in ordei- that the covers may be fixed by the gradual 
hardening of what lies beneath them. 

Mounting Objects in Aqueous Liquids. — By far the greater 
number of preparations which are to be preserved in liquid, however, 
should be mounted in a cell of some kind, which forms a well of 
suitable depth, wherein the preseivative liquid may be retained. 
This is absolutely necessary in the case of all objects whose thickness 
is such Jis to prevent the gla.ss cover from coming into close approxi- 
niation with the slide ; and it is desirable whenever that approxima- 
tion is not such as to cause the cover to be drawn to the glass slide 
by capillary attraction, or whenever the cover is sensibly kept apart 
from the slide by the thickness of any portion of the object. Hence 
it is only in the case of objects of the most exti'eme tenuity that 
the cell can be advantageously dispensed with ; the danger of not 
employing it, in many cases in which there is no difficulty in 
mounting the object without it, being that after a time the cement 
is apt to run in beneath the cover, which process is pretty sure to 
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continue when it may have once commenced. Wlien cement-cells 
are employed foi* this purpose, care must be taken that the surface 
of the ring is perfectly flat, so that when the cover-glass is laid on 
no tilting is produced by pressure on any part of its margin. As a 
general i*ule, it is desirable that the object to be mounted should be 
steeped for a little time previously in the preservative fluid em})loyed. 
A sufficient cpiaiitity of this fluid being deposited to overfill the 
cell, the object is to be introduced into it either with the forceps or 
the dij)ping tube ; and the slide should then be examined on the 
dissecting microscoj)e that its entire fi-eedom fi-om foi’eign parti(*les 
and from air-bubbles may be assured, and that its disposition may 
be corrected if necessary. Tlie cover should then bo laid on very 
cautiously, so as not to displace the object ; which in this cas(' is 
best done by kee[)ing the drop highest in the centre, and keeping 
the cover parallel to the slide whilst it is being lowered, so as to 
expel the superfluous fluid all roiutcL This being taken u}) by the 
syringe, the cement ring and the margin of the cover are to be 
dried with blotting-j)aper, especial care being taken to a\oid drawing 
ofl[ too much iicpiid, which will cause the gold-size to run in. It is 
generally best to apply the first coat of gold-size thin, with a \ ery 
small and flexible brush worked with the hand ; this will dry sufli- 
ciently in an hour or two to hold the cover whilst being ^ ringed ’ 
on the turn-table. And it is safer to a})ply a third coat a day or 
two afterwards; old gold-size, which lies thickly, being tlum aj> 2 )lied 
so fis to raise the ring to the level of the surface of the cover. As 
exjjerience shows that pre]>arations thus mounted, wduch have 
remained in perfectly good order for several years, may b(‘ aft(*rwar(ls 
spoiled by leakage, the Author strongly recommends that to prevent 
the loss of valuable specimens an additional coating of gold-size be 
laid on from time to time. But a device of much greater value in 
all fluid mounting is that adopted by Mr. Knock, ^ who puts a 
metidlic ring of angular section round the outside of the cell, 
slightly overlapping the cover-glass and enclosing the i*im made 
good with cement ; this proves perfect. 

Mounting of Objects in Deep Cells. — The objects which i*ecpiire 
deep cells are, as a ride, such as are to be view(‘d by I'eflected light, 
and are usually of sufficient size and substance to allow of air being 
entangled in their tissues. This is especially liable to occur where 
they have undergone the process of decalcification, wdiich will very 
probably leave behind it bubbles of cai bonic acid. For the extiac- 
tion of such bubbles the use of an air-pump is commonly recommended ; 
but the Editor has seldom found this answ'er the purpose satisfactoi’ily, 
and is much disposed to place confidence in a method lately I'ecom- 
mended — steeping the specimen in a- stoppered jar filled with fi’eshly 
hailed water, which has great power of diawing into itself either air 
or carbonic acid. Where the structure is one which is not injured 
by alcohol, prolonged steeping in this will often have the same effect. 
The next point of importance is to select a cover of a size exactly 
suitable to that of the ling, of whose breadth it should cover about 
two-thirds, leaving an adequate margin uncovered for the attachment 
1 Quehett Jonm. second series, vol. i. p. 40. 
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of the cement. And the perfect flatnesH of that i*iiig should then be 
carefully tested, since on this mainly depends the security of the 
mounting. It is to secure this that we prefer rings of tin or bone, 
to those of glass, for cells of moderate depth ; for their surface ciin 
be easily made perfectly flat by grinding witli watei’, first on a piece 
of grit, and then on a Water-of-Ayr stone, these stones having been 
previously reduced to a plane surface, or still better with a good fiat 
file. If glass rings are not found to be ‘ true,’ tliey must be ground 
down with fine emery on a plate of lead. When the cell has been 
thus finished off, it must be carefully cleaned out by dropping into it 
some of the mounting fluid ; and should be then examinetl under the 
dissecting microscope for minute air-bubbles, which often cling to 
the bottom or sides. Tliese having been got rid of by the needle, 
the cell should be finally filled with the preservative liquid, and the 
object immersed in it, care being taken that no air-bubbles are 
(tarried down beneath it. The cell being completely filled so that the 
licpiid is running over its side, the cover may then bo lowered down 
upon it as in the preceding case ; or, if the cell be qiiadi*angular, 
the cover may be sloped so as to rest one mai*gin on its wall, and 
fresh Ihpiiil may be thrown in by the syringe, while the other edge 
is lowered. Wlien the cover is in place, and the li(]uid expelled from 
it has been taken up by the syringe, it should again be examined 
under a lens for air-bubbles ; and if any of these troublesome 
intruders should present themselves beneath the cover, the slide 
should be inclined, so as to cause them to rise towards the highest 
part of its circumfiu'ence, and the cover slipped away from that part, so 
as to admit of the introduction of a little additional fluid by the pipette 
oi* syringe ; aiid when this has taken the place of the air-bubbles the 
covei-may be slipped back into its place. The siii face of the I'iiig and 
the edge of the cover must then be thoroughly dried with blotting- 
paper, care being taken that the fluid be not drawn away from 
between the cover and the edge of the cell on which it rests. These 
minutiae having been attended to, the closure of the cell may be at 
once effected by canying a thin layer of gold-size or dammar around 
and upon the edge of the glass cover, taking care that it touches 
cveiy point of it, and fills the angular channel which is left along its 
mai’gin. The Author has found it advantageous, howevei*, to delay 
closing the cell for some little time after the superfluous fluid has 
been drawn off ; for as soon as evaporation from beneath the edge 
of the cover begins to diminish the quantity of fluid in the cell, air- 
bubbles often begin to make their appearance which were previously 
hidden in the recesses of the object ; and in the course of half an 
hour a considerable number are often collected. The cover should 
then be slipped aside, fresh fluid introduced, the air-bubbles removed, 
and the cover put on again ; and this opei-ation should be repeated 
until it fails to draw forth any more air-bubbles. It will of course 
be observed that if the evaporation of fluid should proceed far air- 
bubbles will enter beneath the cover ; but these will show themselves 
on the surface of the fluid, wheretis those which arise from the 
object itself are found in the deeper parts of the cell. When all these 

1 1 2 
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have been successfully disposed of, the cell may be ^ sealed ’ and 
‘ ringed ’ in the manner already described. 

Preparation of Soft Tissues. — Tt is impossible in the limited 
space at disposal here to do more than give a sketch of the very 
elaboi'ate art of histological preparation. The reader who desires to 
})ursiie the subject further will find all necessary information in Mr. 
A. Bolles Lee’s ^ The Microtomist’s Vade-mecum ’ (London : J. A. 
Churchill), from whicli work the information here given is for the 
most pait abridged (tlie passages in quotation marks in the following 
pages are taken ther^efrorn verbatim). 

Fixation. — ‘ The first thing to be done with any structure is to 
fix its histological elements. Two thirrgs ar^e implied by the word 
‘ fixing : ’ fii*st, the r*apid killing of the element, so that it may not 
have time to change the form it had during life, but is fixed in 
death in the attitude it normally had during life ; and second, the 
hardenlitg of it to such a degree as may enable it to resist without 
further change of form the action of the reagents with which it may 
'Subsequently be treated.’ For insbince, if you were to take a living 
rotifer and throw it into one of the usual staining flirids or pr*eser~ 
rative liquids, it would at once contract into a shapeless mass, the 
?lements of its tissues would be neither propeidy stained nor proj)erly 
pi’eserved, and the result would be an unrecognisable cai'icatui’c of 
the living organism. Hut if it be first properly killed and slightly 
tiardened in the pi'opei* manner, it may be ])ermanently mounted in 
mch a way as to show, uninjured and undistoi*ted, even the most 
lelicate details of its structure. 

Fixation is generally perfoianed by immersing the obj(‘ct to be 
ixed in an appropriate liquid, and leaving it therein until the 
lesired degree of hardening has been obtained. After that the 
object is well washed to remove all excess of the fixing licpiid. The 
3bject may then be fui ther prepared by the wet method, in wdiich 
ill subsequent opei*ations ai-e peifoimed by meaiis of aqueous media. 
It may be mounted at once in an ftqueous mounting medium, or it 
may be stained (see below), or it may be put away till wanted, with- 
out mounting, in some preservative medium. 

Or ‘ the object may be furthei* j)repared by the dehydration 
method' (see below), ^ which consists in treatment with successive 
alcohols of gradually inci'easing strength, final dehydration with 
absolute alcohol, clean (see below) ‘ with an essential oil or other 
clearing agent, and lastly either mounting in balsam or imbedding 
in paraffin foi* the purpose of making sections.’ : 

Cori'osive sublimate is the fixing agent that is most to be i*ecom- 
mended for general woik. A good formula consists of a sfiturated 
solution in water containing 1 per cent, of acetic acid. The present 
writer adds a little nitric acid, say 1 per cent., which helps to 
make the solution keep without precipitating. Another good solu- 
tion is a saturated solution in alcohol of 50 per cent., or even 70 per 
cent., also with addition of 1 per cent, of acetic acid. 

Whatever solution is taken, the objects should be removed from 
it soon after they have become thoroughly penetrated by it. For 
sublimate hardens very i*apidly, and makes tissues brittle if they are 
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allowed to remain too long in it. The objects should be well washed 
out, after fixing, with alcohol, beginning with alcohol of 50 per cent, 
or 70 per cent., and passing gradually to sti onger alcohols. In order 
to facilitate the removal of the sublimate from the tissues, the 
alcohol should have added to it enough tincture of iodine to make it 
of a good port- wine* coloui*, and the objects should remain in it till 
they themselves have acquired the same coloui*. They may then be 
washed with pure alcohol, and further treated as desii ed. 

Solutions of sublimate, or the objects in them, must never be 
touched with steel imj)lements, as these produce at once pi*ecipitates 
that may injure the preparations. To mani})ulate the objects, wood 
or glass implements may be employed ; for dissecting them, hedge- 
hog spines, or quill pens, or cactus needles. 

Tissues become of an opaque whiteness on fixation with sublimate, 
which in the case of small transparent objects is a good guide for 
controlling the duration of the fixing bath. The fixing action is 
exti*emely rapid. 

Picric acid is a reagent that gives very fair results for general 
work, and is especially to be recommended where great power of 
penetration is required, as is the case in woi'k with chitinoiis 
organisms. A saturated solution in water with the addition of 
1 per cent, of acetic acid may be taken, oi' the jiicro-nitric acid of 
Mayer. This consists of water 100 parts, nitric acid of 25 per cent. 
^ 2 ^ 5 ? 5 parts, and picric acid to saturation. 

Objects should remain in these liquids much longer tlian in sub- 
limate liquids ; for though the penetration is extremely i*apid the 
hardening power is slight. They may i*emain for twenty-four hours 
without hurt, but in many cases three or foui* liours will suffice. A fter 
fixfition the objects should be brought into alcohol of 70 per cent, 
(never water), in which they should remain for a few hours, and 
then be transferi'ed to alcohol of 90 per cent., in which tliey should 
remain, the alcohol being frequently changed for fresh, until the 
yellow tint of the picric acid has disappeaied 01 * at least become 
greatly attenuated. Objects prepared in this way ai*e best stained 
in alcoholic staining solutions. 

Mixtures of picric acid solution with suhliinate in vai'ious pro- 
portions have lately been much used, with good results. 

Osrnic acid is a useful reagent for fixing small objects. It pre- 
serves the forms of cells admirably, and at the same time imparts to 
tissues a gi*ey stain that is frequently of the greatest value in bring- 
ing out delicate structures. This substance is sold in the solid state, 
in sealed tubes containing from grm. to 1 grin. It is extremely 
volatile. Care should be taken to avoid exposure to the vapoui*s given 
off from it, as they are exceedingly iri itating to mucous mem- 
branes and may etisily give rise to serious catarrh, conjunctivitis, &c. 

Its solution in pure water keeps very badly, as the slightest con- 
tamination with any organic dust will cause it to reduce and precipi- 
tate. It is recommended, therefore, that only a small quantity be 
kept in stock in the shape of aqueous solution, whilst another 
quantity may be preserved in the shape of a 2 per cent, solution in 
chromic acid of 1 per cent., or, better, in platinic chloride of the 
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same strength. These solutions do not precijiitate so readily, and 
may be used for fixation by the vapours. 

Foi’ it is one of the advantages of osmic acid that it may be 
employed for fixation in the form of vapour, and its employment in 
this form is indicated in mast of the cases in which it is possible to 
expose the tissues to be fixed dii*ectly to the action of the vapoui*. 
For fixation in this way ‘ the tissues are pinned out on a cork which 
must fit well into a wide-mouthed bottle in which is contained a 
little solid osmic acid (or a small quantity of 1 per cent, solution will 
do). Very small objects, such as isolated cells, are simjdy placed on 
a slide, which is inv(‘rted over the mouth of the bottle. They 
remain there until they begin to turn brown (isolated cells will 
genei'ally be found to be sufficiently fixed in thirty seconds, whilst 
in order to fix the dee])er layers of relatively thick objects, such as 
l etina, an (exposure of seveial houi s may be desirable). It is well to 
wash the objects Avith water before staining, but a very slight wash- 
ing will suffice. Foi* staining, methyl-green imiy be recommended 
for objects destined for study in an aqueous medium, and, for pei‘- 
maiumt pre}>arations, alum-carmine, picro-carmine, or hfematoxylin.’ 

‘ The reasons foi* pi’eferring the pi’ocess of fixtition by vapoim of 
osmium, whei*e pi’acticable, are that osmium is more highly penetra- 
ting when employed in this shaj)e than when employed in solution, 
and produces a more ecjnal fixation, aild that the arduous washing 
out required by the solutions is here done away with. In many 
cvis(\s delicate structures ai’e better pi-eserved, {dl possibility (^f 
deformation through osmosis ])eing hei'C eliminated.’ (From Mr. Lee’s 
^ The Microtornist’s Vade-mecum.’) 

For fixation l)y solutions, strengths of from to ^ per cent, may 
be taken, which may in general with advantage be acidified with 
about 1 per cent, of acetic acid. Small Crustacea, such as the 
coj)epods and the larvje of decapods, may be very well prepai*ed in 
this way. Aftei* fixation, the osmic acid should be veiy thoroughly 
Avashed out with Avatei*. 

If it be desired to intensify the grey stain of the osmium, this 
may be easily done by putting the objects into a weak solution of 
pyrogallic acid or tannin, which will turn them of a fine black. 

()smic acid stains most fatty substances of an intense black. 

Osmic acid is now not so much used in the form of a pure 
aqueous solution as in that of the mixture known as liquid of Flem- 
ininy. This consists of 25 parts of 1 per cent, solution of chromic 
acid, 10 parts of 1 per cent, osmic acid, 10 parts of 1 per cent, acetic 
acid, and 55 of water. This mixture blackens tissues much less than 
the pure aqueous solution.^ 

^ Bleaching. — Tissues that have been blackened or browned by osmic or chromic 
acid or the like may often with advantage be bleached by Mayer’s chlorine method, 
and will then be found to stain much more readily. — ‘Put into a glass tube a few 
crystals of chlorate of j^otash, add two or three drops of hydrochloric acid, and as 
soon as the green colour of the evolving chlorine has begun to show itself, add a few 
cubic centimetres of alcohol of 50 to 70 per cent. Now put the objects (which must 
have previously been soaked in alcohol of 70 to 90 per cent.) into the tube. They 
float at first, but eventually sink. They will be found bleached in from a 
quarter of an hour to one or two days, without the tissues having suffered. 
Only in obstinate cases should the liquid be warmed or more acid taken. 
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For the very numerous otliei* fixing reagents aiul mixtures now 
in use, and the mannei* of their employment, the reader must be 
referred to Mr. Lee’s ‘ The Microtomist’s Vade-mecum.’ 

After due fixation and washing, objects may be stained and 
mounted in an aqueous medium in the manner directed above 
(p. 481), if it be desired to prepare tliem in the wet way. But if 
they are destined to be preserved in balsam, they must first, after 
staining if required, he dehydrated and cleared. 

Dehydration is performed as follows : — ‘ Tlie objects are brought 
into weak alcohol, and are then passed through successive alcohols 
of gradually inci*eased strength, i*emaining in each the time neces- 
sary for complete saturation, and the last bath consisting of absolute 
or at least very strong alcohol.’ Foi* instance', alcohol fii’st of 30 per 
cent, or 50 per cent., then 70 per cent., then 95 per cent., or, if the 
objects he very delicate, 80 cent., before the 95 per cent., the 
last to be changed at least once. 

Clearing. — ‘The water having been thus sufiiciently removed, the 
alcohol is in its turn removed from the tissues, and its place taken 
by some anhydrous substance, generally an essential oil, which is 
miscible with the nuiterial used for imbedding. This operation is 
known as clearing. It is very important that the passtige from the 
last alcohol to the clearing agent be made gradual. This is effected 
by placing the clearing medium under the alcohol. A sufficient/ 
<piantity of alcohol is placed in a. tube (a watch-glass will do, but 
tubes are generally better), and then with a pipette a sufficient 
quantity of clearing medium is introduced at the bottom of the 
alcohol. Or you may first put the clearing medium into the tube, 
and then carefully pour the alcohol on to the top of it. The two 
tluids mingle but slowly. The objects to be cleared, being now 
quietly put into the supernatant alcohol, float at the surface of 
separation of the two fluids, the exchange of fluids takes place 
gradually, and the objects slowly sink down into the lower layer. 
When they have sunk to the bottom (and the waA^y refraction -lines 
at first visible round them have disappeared) the alcohol may be 
di-awn ofi" with a pipette, and the objects will be found to be com- 
pletely penetrated by the clearing medium. (It may be noted here 
that this method of making the passage fi*om one fluid to another 
applies to .all cases in which objects have to be transferred from a 
lighter to a denser fluid — for instance, from alcohol or from watei* 
to glycerine.)’ From ‘ The Microtomist’s Vade-mecum.’ 

Another method of passing the objects from the alcohol to the 
€le.aring agent consists in giving them baths of mixtures of the 
alcohol and the clearer, made gradually to contain a higher propor- 
tion of the latter. 

All clearing agents are liquids of high refraction, having indices 
of refraction not gi*eatly inferior to that of the elements of tissues 

Sections on slides may be bleached in this way. Instead of hydrochloric acid, nitric 
acid may be taken; in which case the active agent is evolved oxygen instead of 
•chlorine. This method serves also for removing natural pigments, such as those of 
the skin, or of the eyes of Arthropods. For bleaching chitin of insects, not alcohol 
but water should be added to the chlorate and acid.’ (From ‘ The Microtondist’s 
Vade-mecum.’) 
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in the fixed state. Hence, by penetrating amongst these highly 
refractive elements, they render the tissues transparent and cleai*, 
which is the i-eason of theii* being eddied ‘ clearing agents.’ 

The best clearing agent foi* geiiei al use is oil of cedar wood. Oil 
of cloves is a very good one ; it should be known that it makes 
objects brittle, which is sometimes to be desired, sometimes the 
reverse. Oil of bergamot is useful ; it will clear from alcohol of no 
more than 90 per cent, strength. 

It should be noted that the proper stage for performing minute 
dissections in is the one at wliich the objects have now ai-iived, a 
drop of clearing agent being a most helpful medium for carrying 
out such dissections in. Oil of cedar is veiy good for this purpose. 
But oil of cloves is sometimes to be pi-eferi-ed, not only on account of 
its property of making tissues brittle, which is often very helpful, 
but also on account of the propei ty it has of forming very convex 
drops on the slide. 

Staining. — Good histologicjil stains can in general only be 
obtained with properly fixed tissues. But it is possible to obtain with 
unfixed and even with living tissues a stain which though imperfect 
and not ^ fast ’ may be of considerable utility in l esearch, eithei* as a 
means of controlling the results obtained by the examination of fixed 
and prepared specimens, or as a means of revealing deliciite traits of 
structure that may be masked or desti*oyed by the action of fixing 
and preserving reagents, and only visible in the living or 2)erfectly 
fresh object. 

It goes without sjiying that staining is performed by immersing 
the tissues in the colouring solution employed. After the tissue has 
become duly stained, all superfluous colour is i*emoved from it l^y 
‘ washing out ’ with an approj)riate liquid. 

Stains for Living Objects {Intra Vitam Stains).— The most 
widely used of these stfiins is methylen-hlne (to be obtained from 
Griibler and Hollborn,^ and not to be confounded with methyl-blue, 
which is a totally difterent dye). Small aquatic oiganisms (such as 
rotifers, infusoria, small annelids, tadpoles) are stained by adding 
a small quantity of the dye (best previously dissolved in distilled 
water) to the watei* in which they are kept, Jind leaving them till 
the stain has taken efiect. Enough of the dye should be added to 
make the water of a good blue, the propoi tion required varying 
roughly between 1 pait of the dye to 10,000 of the water, and 
1 part to 100,000. Most aquatic organisms will live in the 
coloured water for many hours, some for days or weeks. They 
should be examined as soon as the requii-ed intensity of stain has 
been attained. For if they ai*e allowed to remain longer the 
elements that have tiikeii up the dye will begin to yield it up again 
to the water, and the objects may become quite pale again even 
though they have not been removed from the colouied water. The 
stain is an imperfect one, being mostly confined to certain granules 
of the protoplasm of cells, and taking effect capi iciously now on one 
tissue and now on another. It is difficult to pi-eserve the stain in a 

* 68 Bayerische Strasse, Leipzig ; or through Mr. C. Baker, 243 High Holborn. 
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sfitisfactory maniiei*, as it will not bear mounting in the usual media 
without deterioration. 

Weak solutions of Bismarck brown, qainolein-hUie, anilin-hlack , 
Congo red, and neutral red [Neutralroth) may be used in the same 
way. 

Methylen-blue, used as an intra viiam stain, is an important 
reagent for the study of nerve-endings. For the details of this very 
diflicult branch of technique, as well as for the methods for preserv- 
ing the stain obtained with entii'e living organisms, the reader must 
be referred to Mr. A. Bolles Lee’s ‘The Microtomist’s Vade-mecum,’ 
in which an entire chapter is devoted to the subject. 

Stains for Fresh (Unfixed) Tissues or Organisms. — The stains to 
be mentioned under this heading resemble the intra vitam stains 
described in the last paingraph in that they may be applied to living 
tissues or oi’ganisms. But they difter from them in that they do 
not take effect on the objects without impairing their vitality ; on the 
contrary they first kill them, then stain them. 

The most important of this class of stains is methyl-green. A 
strong solution in water acidified with from ^ to 1 per cent, 
of acetic acid is employed. The objects are soaked in the solution 
until tliey are penetrated by it, then washed with pin*e water, 01*, 
bettei*, acidified water, and either studied therein or mounted. They 
may be permanently preserved in any of the usual aqueous mount- 
ing media, provided that the medium be acid or at most strictly 
neutral, and that it contain a little of the dye in solution. Liquid 
of Rij^art and Petit, or Brim’s glucose medium may be recommended 
for mounting. It is difficult to mount the sbiined objects in balsam^ 
on account of the gi-eat solubility of the dye in alcohol. 

The stain is an extremely rapid one ; tissues are stained almost 
as soon as they are penetrated by it. It is, generally speaking, a 
nuclear stain, nuclei being stained more rapidly than cytoplasm, 
though some kinds of cytoplasm and formed mateiial are stained by 
it. It preserves the forms of cells well. It does not overstain, 
and requires little washing out. This, if required, is best done with 
water acidified with acetic acid. 

Bismarck hroini is also a useful stain for fresh tissues. It may 
be used in solution in acidified water, as directed for methyl-green. 
But as the dye is not very soluble in water it is not etisy to get a 
good solution in this way, and the solutions when made keep very 
badly. Some persons dissolve the dye in dilute glycerin (glycerin 
diluted with one or two volumes of water). This makes a good solu- 
tion, but on account of the shrinking action of the glycerin should 
only be employed with objects that have been previously well fixed. 
Bismarck brown stains quickly, and does not overstain. The stain 
is permanent both in aqueous mounting media and in balsam. It is 
a. nuclear stain in so fai* as nuclei are stained by it more than proto- 
plasm. 

The once celebi-ated mixture known as Ranvier's picro-camninf^ 
is irrational in composition, and inconstant and frequently injurious, 
in its efiects, and is now generally abandoned. 
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Stains for Fixed and Preserved Entire Objects or Material to 
be Stained in Bulk. — These fall naturally into the two classes of 
aqmcnLs stains and alcoholic stains. The aqueous stains are 
generally the more precise, and are generally preferable for small 
and pcianeable objects, but the alcoholic stains ai*e absolutely 
necessaiy where great j)enetration is requii-ed, as foi* instance in the 
case of organs or organisms enclosed in thick chitinous investments, 
as is so generally the case amongst the Arthropoda. 

The most precise and the safest of the stains of this class al*e the 
alum-cannives — a general term including the divers foi’inube that 
have been recommended under the names of alitmcarminc, 
carmalum, al a ni' cochineal. One of these will suffice. 

Partsch\<i al am -cochineal. — ‘ Powdered cochineal is boiled for some 
time in a 5 per cent, solution of alum, the decoctiou filtered, and a 
little salicylic acid added to preserve it from mould.’ 

An extremely precise nuclear stain, and one with which it is hardly 
possible to o\ erstain. It is permanent in balsam and, it is believed, 
in aqueous media if not acid. Objects may be left in it for several 
houi's. They should not be veiy laige, as tlie stain has no great 
power of peneti*ation. Objects containing calcareous elements that 
it is desired to preseiwe must not be treated with this stain, nor 
with any other stain containing alum. 

Mayer 8 carmahim is made with carminic acid 1 gi*m., alum 
10 grm., and distilled water 200 c.c. It has the advantage of being 
much more penetrating than the other stains of this class. 

All the alum-carmine solutions are rather weak stains. If a 
more powerful stain be desired, take the following : — 

Mayer^s hoiinalum. — This is made with luTinatein, the essential 
colouring principle of luematoxylin (obtainable from (Iriibler and 
Hollborii). One grm. of ha^matein is either dissolved with heat 
in 50 c.c. of 90 per cent, alcohol, or rubbed up in a mortar with a 
little glycerin, and added to a solution of 50 grm. of alum in a litre 
of water. This liquid may be used for staining either concentrated 
or diluted. Concentrated it stains almost instantaneously. For 
ordinary purposes it may be diluted with from ten to twenty 
volumes of distilled wjitei*, and will then stain through small objects 
in an hour or so. Large objects will require an houi’oi* moi-e. The 
solution is admirable for staining in bulk. Objects should be well 
washed out (for as long a time as they have taken to stain) either 
with distilled water or tap water. One per cent, alum solution is 
also a good medium to wash out in. Overstains may be corrected 
by washing-out with 0*1 to 0*5 per cent, of hydrochloric acid. In 
this case the Jicid should be neutialised afterwards by treatment with 
OT per cent, solution of bicaibonate of soda (or othei* weak alkali). 

Passing now to the alcoholic solutions, Grenacher's alcoholic horax- 
ca/rmine may be recommended as affording a convenient, safe, and 
brilliant stain. Dissolve 2 or 3 per cent, of carmine in a 4 per cent, 
solution of borax in water ; boil the solution for half an hour ; 
dilute it with an equal volume of 70 per cent, alcohol, allow it to 
stand for twenty-four hours, and filter. 

Objects are put into this solution and allowed to remain in it 
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until they are thoroughly peneti*ated (for days if necesvsary). They 
4ii*e then pnt into alcohol of 70 j)('r cent, acidified with from four to 
six di'ops of hydrochloric acid for every 100 c.c. of the alcohol. The 
acid alcohol at once begins to remove the excess of colour from the 
objects, which may be seen to give it off in rosy clouds. They 
i*ema-in in it until the colour no longer comes away freely and they 
have exchanged their primitive o[)aque red coloration for a brilliant 
transparent coloi'ation. This may i-eqiiire days (the acid alcohol 
should be changed frequently). 

The staining is now complete, and the olqectsare waslied in pure 
neutral alcohol, cleared and mounted in balsam or any other desired 
medium. The result is a, brilliant nuclear stain, (|uite permanent. 
The process must not be used for objects containing cjilcai-eous 
elements that it is desired to preserve. 

For delicate objects, and for very impei iiieable objects, it may be 
well to increase the proportion of 70 ])er cent, alcohol in the 
solution ; the proportion of alcoliol may be brouglit up to about 
50 per cent., but sliould not exceed 60 pei* cent, in any case. 

This process is an example of what is known as reyressh^e or 
indirect staining ; tlie objects are first orprstaived in the c^ti'mine 
solution, and the excess of stain is then removed to the required 
<legree in tlie acid alcohol. 

Tf, as is frequently tlie case, especially in studies on the 
Ar-thropoda, a still more highly alcoholise<l stain be desired, Mayer s 
alcoholic cochineal may be tried. Cochineal in coarse powdei* is 
macerated for several days in 70 per cent, alcohol. For each 
gre.mrne of the cochineal there is required 8 to 10 c.c. of alcohol. 
8tir frequently. F'ilter, and the solution is ready foi* staining. 

The objects to be stained must previously be well imbibed with 
70 per cent, alcohol. They may i*emain for almost any length of 
time in the staining bath. After staining they are washed in 
70 ])ei' cent, alcohol, which is frequently changed until it takes up no 
more colour from the objects. Overstaining seldom happens : it 
may be connected by means of 70 per cent, alcohol containing 1 per 
cent, of acetic acid or per cent, of hydrochloric acid. 

Small objects or thin sections ai*e stained in a few minutes ; large 
objects 1 ‘equire hours or days ; a nuclear stain, either red or blue, 
according to the chemical composition of the tissues stiiined. It 
does not succeed with all objects. The best stains are obtained with 
objects that have been prepared with cln*omic or picric acid 
combinations, or with absolute alcohol. Osmic acid preparations 
stain very weakly unless they have been previously bleached. All 
acids should be carefully washed out (^f the objects before staining. 
The stain is permanent in oil of cloves and balsam. 

Kleine'nhery 8 Alcoholic Ha^niatoxylin^ once very much used, is 
highly iri*ational and very inconstant in its composition and its 
effects, and is now with i*eason generally abandoned. 

Nuclear Stains for Sections. — Any of the foregoing stains may 
of course be used foi* sections if desired. But in many cases other 
stains are indicated, as being more powerful, oi* moi’e precise, or of 
a richer selectivity. 
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The solution known as Keimschwarz may be confidently recom- 
mended as a powerful, precise, and very safe stain. It is a black 
li(piid imported from Iliissia by Griibler and Hollborn, and consists 
of an iron base united to some gallic acid. Sections may be stained 
in it, either concentrated or diluted to the required intensity. 
Overstaining seldom occuivs. If it should occur it may be corrected 
by means of any weak acid (solution of liquor ferri sulfurici oxydati, 
diluted twentyfold — see the iron-ha3matoxylin of Benda, below — is a 
very fitting decolorant). 

The result is a nuclear stain, sometimes, though by no means 
always, also taking effect on protoplasm, of a brownish grey or 
black, powei’ful and precise, and well adapted for photography. It is 
permanent in balsam, ])resuinably also in aqueous mounting media. 
Being a progressive stain, it is possible that it might give good 
results for staining in bulk. 

The present writer obtains a very similar stain by ‘ mordanting ’ 
for a few houi’s in Benda’s liquor ferri, and then bringing the 
sections directly for some hours into a 2 per cent, solution of 
pyrogallol in water. Similar results are also obtained by mordanting 
in 2 per cent, solution of tincture of perchloride of iron in 70 per 
cent, alcohol, and then treating with 2 per cent, solution of pyro- 
gallol in spirit : a process which is applicable to staining in bulk. 

Benda's iron hiematoxylin is a still moi’e powerful and precise 
stain. Sections of material that has been fixed in any way may be 
employed. They are ‘ mordanted ’ by soaking for half an hour or 
for some hours (as mucli as twenty-four, if a very strong stain be 
required) in liqucn* ferri sidfnrici oxydati, P.G., diluted witli one oi' 
two volumes of water. ^ They are then well washed, fii*st with 
distilled w^ater, then with tap water, and are bi’ought into a 1 per 
cent, solution of hsematoxylin in water, in which they remain till 
they have become thoioughly black. They are now oveistained,. 
and must be ‘ differentiated.’ To this end they ai*e washed and put 
either into some of the sulphate solution strongly diluted with water 
(say twenty or thirty fold), or into BO per cent, acetic acid, the 
progress of the decoloration being followed in eithei* case under the 
microscope. They are then mounted in the usual way. 

This gives an exti’emely powerful blue-black stain, purely nuclear 
if the difterentiation has been pushed far enough, or nuclear and at 
the same time plasmatic if the differentiation is stopped before the 
protoplasm has become decoloured. The stain is absolutely 
permanent in balsam. 

The results obtained by this process are practically identical with 
those obtained by the iron hmmatoxylin process of Ileidenhain, with 
this advantage, that Benda’s iron solution is easily made and keeps 
indefinitely, whereas Heidenhain’s process involves the employment 

1 This preparation consists of sulphate of iron 80 parts, water 40, sulphuric acid 
15, and nitric acid 18. The ingredients should be mixed, and give at first a black 
liquid which gradually acquires a red colour. The operation should be performed 
out of doors, or in a chemical laboratory, as during the process of solution voluminous 
nitrous vapours are given off, which would be hurtful to lenses and delicate instru- 
ments. 
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of ferric alum, which can only be obtained from large chemical 
works, and does not keep well either in substance or in solution. 

Owing to the precision and depth of the stain, preparations 
made by this process will bear study with higher microscopic 
powers than those made by any other means ; that is to say, it is 
certainly found in pi'actice that they will bear notably highei* 
eye-piecing. 

It will be observed that, as with boiax- carmine, this is a 
‘ regressive ’ stain. The progress of decoloration, being slow, may 
be controlled under the microscope, and a little practice with this 
process may serve as an introduction to the ait of regressive 
staining with safi-anin and other tar-colours, with which the 
piogress of decoloi-ation is so I'apid that it cannot he controlled 
under the microscope. 

Safranin is pei haps the most beautiful stain of this class. The 
first requisite to success in staining with this coloui* is to obtain a 
good sample of the dye. This is absolutely essential. There are at 
least a score of brands of safranin on the mai'ket, many of which 
cannot be made to afford a good stain by any means whatever. The 
Inand ‘ Safranin 0 ’ supplied by (irubler and Hollborn is an excellent 
one. 

The dye is employed in the form of a saturated or at least very 
concentiated solution in watei- or alcohol. Perhaps the best plan in 
general is to make a saturated solution in watei*, and anothei* 
saturated solution in strong alcohol, and then mix the two in equal 
parts. Sections are soaked in the solution until thoroughly over- 
stained — the longer the better, (food stains cjin often be obbxined 
after half an hour in the staining bath, but for many objects it is 
necessary, in order to ensure good results, to stain for twenty-four 
hours, 01* even for many days. 

After the staining comes the ‘ differentiation ’ of the stain. The 
sections are just rinsed with water and brought into strong alcohol, 
eithei* in a watch-glass, if they be loose sections, or in a flat-bottomed 
tube if they be affixed to a slide. ‘ The sections in the watch-gla.ss 
ai*e seen to give up their colour to the alcohol in clouds, which ar*e 
at first vei*y rapidly foi*med, afterwards more slowly. The sections 
on the slide are seen, if the slide be gently lifted above the surface 
of the alcohol, to be giving oft' theii* coloui* in the shape of rivers 
i*unning down the glass. In a short time the formation of the clouds 
or of the rivers is seen to be on the point of ceasing ; the sections 
have become pale and somewhat trans2mrent^ and (in the case of some 
objects) have changed colour^ owing to the coming into view of the 
general ground -coloui* of the tissues, from which the stain has now 
been removed. At this point the differentiation is complete, and 
the extraction of the colour tmist he stopped instantly.^ 

This may be done if desired by simply putting the sections into 
water ; but the more usual practice is to proceed at once to mount 
them in balsam. To this end they may be cleared by being put into 
clove oil (or by pouring the oil over them on the slide). This will 
extract slowly a little more colour, and may thus serv e to complete 
the differentiation in a frequently very desirable manner. Or 3 '^ou 
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may clear or remove tlie alcohol with an agent that does not remove 
any moi*e colour, such as cedar oil, or bergamot oil, or xylol, toluol, 
or benzol. This being done, nothing more remains but to add a drop 
of xylol-balsam or dammar, and a cover (chloi’oform is best avoided, 
either as a clearer or as a menstruum for the mounting medium). 

The result is a pure nuclear stain, of exceeding brilliancy, and 
perfectly permanent in balsam. 

The process is not available for staining in bulk, but besides 
sections such material as is thin enough to behave like a section — 
portions of thin membranes, for instance — may be stained in this way. 
The process of differentiation takes about a couple of minutes with 
most thin sections, but in some cases considerably more is I’equired. 

Besides safi anin, many others of the coal-tar dyes may be used 
in the same way ; for instance, basic fachshi {rnagenta), also a red 
stain, or getdian violet or thionin^ both these being blue. Thionin is 
peculiarly resistent to alcohol, wliich is an important quality in some 
cases. 

Plasma Stains, or Plasmatic Stains. — All the stains we have 
hitherto consideivd (with the exception of the intra vitani stains) 
have been nuclear stains — that is, such as stain nuclei either 
exclusively, or at least more energetically than protoplasm or formed 
material. In very many cases they [)erform all that the histologist 
requires in the way of rendering structure ^ isible. But still there 
are othei* cases in which it is desirable to obtain a se})arate stain of 
extm-nuclear parts. For this purpose the so-called plasma stains 
ai'e employed. 

Picric acid is a useful one, es})ecially when employed after a 
cjirmine or luematoxylin nuclear stain. The oiodas operandi is as 
simple as possible : it consists merely in adding picric acid to the 
alcohol employed for dehydrating the objects, and leaving them 
therein until the desired intensity of stain is obtained. * It has the 
great quality, shared by veiy few plasma stains, that it can V>e used 
for staining entire objects. And as it is extremely j)enetrating, it is 
very much indicated for the prepai-ation of such objects as small 
arthropods or nematodes, mounted whole.’ 

Lyons him {lUen de Lyon) is a good plasma stain that will work 
well after carmine (borax-cjirmine for instance). It may be used 
foi* staining in bulk, in a very dilute alcoholic solution ; or for 
staining sections, in a strong aqueous solution. The objects must 
not remain too long in alcohol after staining. 

The dye known as Wasserblan {icater-bhie)j gives with sections 
a similar but })erhaps more delicate stain. It is a good stain to 
use in conjunction with safranin, using the Wasserblan first. The 
pi’ocess is, fii-st, to stain lather strongly in a concenti'ated aqueous 
solution of the blue, and then foi* from half an houi* to foui* or five 
hours in the safranin, as described above. 

Either of these stains will piobably be found safer than indigo- 
ca/rminey which was once much employed for similar purposes. 

A still more precise and delicate plasma stain is Sdurefuchsin 
(also known under the synonyms, or names of brands, of add 
fuchsin., Sdureriibin^ Fuchsin >S', Rubin A, and others). It is 
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important not to confound it with basic fuchsin, as appears to 
have been done by some writers. For staining sections a ^ per 
cent, solution in water may be employed, and allowed to act on 
sections for from one to five minutes. A red stain, very resistent to 
alcohol and acids, and pei inanent in iDalsam. It is an excellent stain 
for use after a blue nuclear stain, such as lipematoxylin, thionin, 
gentian violet, or the like. 

The celebrated mixture known as the Ehrlich- Biondi-IIeideithaiit 
stain involves such complicated and delicate manipulations as to be 
totally unsuitable for ordinary histologicjil work. 

Imbedding Methods. — ‘The beautiful piocesses known as 
imbedding methods are employed for a threefold end. Firstly, they 
enable us to surround an object, too small or too delicate to be 
firmly held by the fingers or by any insti-ument, with some plastic 
substance that will support it on all sides with firmness but without 
injurious pressure, so that by cutting sections through the 
composite body thus formed, the included object may be cut into 
sufiiciently thin slices without distortion. Secondly, they enable us 
to fill out with the imbedding mass the natural cavities of the object, 
so that their lining membranes or othei* structures contained in 
them may be duly cut in situ. And, thirdly, they enable us not 
only to surround with the supporting mass each individual oigan or 
part of any oi-gan that may be present in the intei'ior of the object, 
but also to impregnate with it each separate cell or other anatomical 
element, thus giving to the tissues a consistency they could not other- 
wise possess, and ensuring that in the thin slices cut from the mass 
all the details of structure will precisely retain their natural relations 
of position.’ 

‘ These ends ai’e usually attained in one of two ways. Either the 
object to be imbedded is saturated by soaking with some material 
that is liquid while warm and solid when cold, which is the principle 
of the paraffin process ; or the object is satuiated with some 
substance which whilst in solution is sufficiently flidd to penetrate 
the object to be imbedded, whilst at the same time, after the 
evaj)oration or removal by other means of its solvent, it acquires and 
imparts to the imbedded object sufficient firmness for the purpose 
of cutting,’ which is the principle of the celloidin process. (From 
Mr. Lee’s ‘ Microtondst’s Yade-mecum.’) 

Any substance used for imbedding is technically termed an 
‘ imbedding mass.’ 

The older workers were not aware of the importance of 
thoroughly saturativy the objects to be cut with the imbedding 
mass, a point which is very important in order to the pinduction 
of thin and undistoi*ted sections. They were content with simply 
surroundiny the objects to be cut with the ma^ss. This primitive 
procedui e is now rightly abandoned, except in cases in which, on 
account of the large size or other peculiai ities of the object, it is 
impossible to procure due saturation. 

Among the numerous methods of imbedding that have been 
advocated, only two are in general use at the present day. These 
are the paraffin method,^ and the collodion or celloidin method. And 
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of these, it is the paraffin method that is by ffir the most usually 
employed. It is the most convenient for ordinary woi-k, the 
•collodion method only presenting points of superiority in special 
cases, such as the sectioning of extremely large objects, oi* very 
bi-ittle tissues, and other special cii'cumstances. 

The Paraffin Method. — The first step in the paraffin method 
consists in saturating the objects with a solvent of pai*affin. The 
second consists in saturating them with molten paraffin, which 
gi*adually takes the place of the solvent. Tlie third consists in 
causing the paraffin to solidify, and arranging the solidified mass in 
a suitable form foi* cutting sections. The fouith consists in cutting 
the sections and freeing them from the solid paraffin with which 
they are saturated, and if desired affixing them in serial order to a 
slide for the purpose of mounting. 

1. Saturation with a solvent . — The solvents employed are either 
chloroform, or one of the volatile hydrocarbons, such as benzol, 
toluol, or naphtha, or an essential oil, such as oil of cedar or oil of 
cloves. None of these are miscible with water, but all of them ai‘(^ 
miscible with alcohol. Therefore the objects to be imbedded are in 
the first place thoroughly dehydrated with alcohol, according to the 
principles set forth above, p. 487. The alcohol is then removed 
from the objects, and the solvent is made to take its ])lace gradually 
by one of the substitution methods described above, j). 487, under 
‘ Clearing.’ Cedar oil is one of the most convenient solvents ; and 
as it is at the same time one of the best of clearing agents, it follows 
that any object that hiis been cleared in it is at once i'ea<ly for 
saturation with paraffin. Other essential oils, such as clove oil, may 
also be employed. But the two best saturation agents are certainly 
oil of cedar and chlorofoi*m. It will be noticed that the best way to 
saturate objects with chloroform is to place the chloi'ofoian under 
the alcohol, and allow the suKstitution of liquids to take i)lace just 
as in clearing with a non-volatile clearing agtuit, as directed 
above, under ‘ Clearing.’ 

2. Saturation with paraffin . — If cedar oil, or other non-volatile 
medium, has been employed, proceed as follows : — Molt some 
paraffin in a suitable vessel — a watch-glass will do for smfdl objects 
— and keep it as nearly as possible at melting- j)oint on a watei -l)ath 
or in a stove, taking cai*e to keep it protected from vapour of watei*. 
Remove the object from the oil, and put it into the paraffin, and 
leave it there till thoroughly saturated. The length of time 
required for this must be found by experience. A piece of 
soft tissue of ^ inch thickne.s.s is generally well satuiated in an 
hour. If the objects l)e at all large, the paraffin should be 
•changed for fresh once or twice, so that none of the oil nmy i-emain 
to contaminate it and render it soft after cooling. 

Some persons prefer to bring the objects gradually) from the oil 
into the paraffin by passing them through graduated mixtures of oil 
^nd paraffin ; but with cedar oil, at all events, that is not necessary. 

If chloroform, or other volatile medium, has been employed, 
the procedure may be modified in the following manner, which is 
veiy advantageous for delicate objects : — 
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^ The chloroform and the objects in it Jire gradually warmed up 
to the melting-point of the paraffin employed, and during the 
warming small pieces of paraffin are by degrees added to the 
chloroform. So soon as it is seen that no more bubbles are given 
off from the objects, the addition of paraffin may cease, for that is a 
sign that the paiaffin has entirely displaced the chloroform in the 
objects. This displacement having been a gradual one, the risk of 
shrinkage of the tissues is i*educed to a minimum.’ After this, 
however, the whole must be kept warm on the water-bath, at the 
tern pei*a tin of the melting-point of the pure paraffin employed, 
until all the chloi*ofoi ni has been driven off from it, as, if even a 
trace of chloi ofoi iu i-emaiii in the pai affin, it will render it soft after 
cooling. As this is a very long process (it may take days for large 
objects), it is frequently better to simply transfer the objects from 
the paraffin solution to a bath of pui*e paraffin. 

3. Arranging for catting. — After the objects ha\e been duly 
saturated, they are ai*i*angefl in a suitable position for cutting, and 
the 2 ^«i'affin is caused to solidify as quickly as possible. It must not 
he allo^eedy to cool sloirltp as slow cooling allows the paraffin to 
crystallise, and gives a mass less homogeneous and of a consistency 
less favourable for cutting than after rapid cooling. 

Very small objects may be taken out of the 2)araffin with a 
needle or small sj»atula, and jiut to cool on a block of glass, then 
imbedded in fo^* cutting on a cone of 2 )araffin already 

soldered to the object-carrier of the mici’otome, or to a cork oi* 
cylinder of wood fitted into it. This is done as follows : — 

‘ A 2 Diece of stout wire, or a mounted needle, is heated in the 
fiame of a spirit-larrqi, and with it a hole is melted in the end of the 
cone of j)araffin ; the sjjecimen is 2 )ushed into the melted paraffin, 
and jdaced in any desired position. In the use of the needle or wire 
it should be noted that it is imjKU’tant to melt as little parajfin as 
possible at one time., in order that that which is melted may coid 
agfiin as rapidly as jiossible. The advantages of the methqd lie in 
the quickness and cei'tainty with which it can be pei*foi*med.’ 

If the ])araffin bath has been given in a watch-glass, float the 
watch-glass with the })ai’afiin and objects on to cold water. Do not 
let it sink till all the jiaraffin lias solidified. When cool, warm the 
bottom slightly and cut out blocks containing the objects ; do this 
with a slightly waT-me<l sail pel. Then fix the blocks to the object- 
caia-ier by means of a heated needle as above tlescribed. 

For many objects, other methods of ari angement are 2 )referable. 
These consist chiefly in causing the paraffin to solidify in a mould, of 
any desired sha, 2 )e. Paper trays are often used as moulds. 

To make paper trays, jiroceed as follows. Take a piece of .stout 
2)aperor thin cardboard, of theshaiieof the annexed figure (fig. 407) ; 
thin (foreign) post-cards do very well indeed. Fold it along the 
lines a af and b b% then along c c' and d d\ taking* care to* fold 
always the same way. Then make the folds .1 A\ P B\ C C\D D\ 
still folding the sanie way. To do this you a 2 )ply A c against A a, 
and j)inch out the line A A\ and so on for the remaining angles. 
This donf‘, you have an imj)erfect tray with dogs’ ears at the angles. 

K K 
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To fiiiisli it, turn the dogs’ ears i-oiind against th(‘ ends of the box, 
tnin down outside the projecting flaps tliat naiiain, and ])inch them 
down. A well-made post-card tiay will last through several im- 

heddings, and wall generally 
work better aftei* having 
been used than wdien new. 
(From Mr. Lee’s ‘ Microto- 
^ mi.st’s Vade-mecum.’) 

B To imbed in such a tray, 

or similar receptacle, some 
melted paraffin (or other 
‘ mass ’) is poured into it ; 
at the moment when the 
mass lias cooled so far as to 
’ h,iv(‘ a consistency tliat will 
not allow' the object to sink 
to the bottom, the object is 
placed on its surface, and 
^ moi e melted mass poured on 
^ until the object is covered 
by it. Or, the paper tray 
being placed on cork, the 
£)' object may be fixed in posi- 
tion in it whilst empty by 
means of pins, and the tray 
filled with melted mass at 
one poin*. (The pins can be 
removed from the mass 
when cold.) 

1 n either case, when the 
mass is cold the paper is removed from it befoi*e cutting. 

As soon as the tray is filled, and the object in position, cool it on 
water, holding it above the surface with only the bottom immersed 
until all the paraffin has solidified, as if you let it go to the bottom 
at once you will probably get cavities filled with water formed in 
your paraffin. Or you may put it to cool on a block of cold metal or 
stone. 



A better plan is to 
employ sets of two 
j)i«*ces of type-metal, 
cast in rectangular form 
of various heights and 
capable of being jdaced 
togetlau- as in fig. 408 ; 
in this way a .suitable 
box is formed, and, the 
<md of the shorten- a,i-m 
being triangularlv en- 
larged outwards, it is closed sufficiently to nJain tin* mass. Flace-d 
in this way, with the short arms nearei- to or fartlu-i- fVenn each 
other as a h‘ss or greater imbedding mass is i «Mpin(Ml, fhew ai-e set 



Pig. 408. - Type-metal case for imbedding. 
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on a plate <>1* j^lass wliieli has been wetted with glycerin and gently 
warmed. The melted jiai allin is now poured into this mould and 
the object is imbedded in it as described for the pa|)er tray. 

Still another plan is to take a common flat medicine-bottle, a,s in 
fig. 409, fitted with a cork thiough which two tubes pass, or, if the 
moutli is small, one tube may he fastened into a hole drilled into the 
bottle. One of these tubes. A, is connected with hot and cold water ; 
the othei*, B, is a dischaige-pipe foi- the water entering the bottle 
by A, and raising oi* lowering its temperature as wai*m or cold water 
is allowed to flow in. (.)n the smooth j fiat side of the bottle four 
pieces of glass rods oi* stidps are cemented fast, so as to inclose 
n rectangular space, O, which forms a receptacle 
for the melted paraffin. 

As long as the warm water circulates through 
the bottle the paraffin remains fluid, and objects 
in it may be arranged under the microscope by 
light from above oi- below, and can l)e oiiented 
with reference to the sides of the pai*afiin recep- 
tacle or with reference to lines drawn upon the 
surface of the bottle. When the cold water is 
allowed to entei* in place of the warm, the paraffin 
congeals rapidly, and may be easily removed as 
one piece. The discharge-pipe should open near 
the upper surface of the bottle, to draw oft' any 
4iir which may accumulate tliei e. 

In using any form of mici*otome whei’e the 
object is held in jaws, tlie imbedding mass must 
either be cast a suitable shape, and placed directly 
in the jaws, or be cemented to pieces of soft 
wood which may be placed in the jaws. 

The mould obtained by either of these pro- 
cesses is then fixed to the carrier of the micro- 
tome, and finally pared into a convenient shape, 
and oriented for cutting. 

4. Cutthuj. — Paraffin sections are always ctit 
ilry — that is, the knife is not wetted witli either 
•nlcohol or any other liquid. 

‘ If the knife be set square — that is, with its onen- 

axis at right angles to tlu^ hue of motion (of the paraffin, 
knife for sliding microtomes, and of the object- 

carrier for rooking microtome.s)- and if the paiallin block be 
•cut into a r(*('tangl(‘. and .also sit. s(|uar<‘ that is, with one edge 
parallel to the edge of tlm knifr sootions may be eiit in “ribbons.” 
The sections not being l emoviMl from tin* knife one by one as they 
are cut, but allowed to lie nudist nr IkmI on tlie blade, adliere to one 
another by the edges so as to form a chain or i i))l)on, whicdi im<y be 
taken oj) and transferiH'd to a slide without breaking up, thus greatly 
lightmiing the labour of mounting a series.’ 

Difficult objects are in gcMun a.l Indter cut in isolated sections 
with an oblique knife. In this cas(‘ it istx'st to cut tlu^ paratlin into 
the shape' ol a three sided jirism. ami ari-ange it so that the knife- 

K K 2 
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edge enters it at one angle and leaves it at anothei* angle (in fig. 410, 
the knife enters at a and leaves at e). The prism should be so cut 
as to leave the imbedded object near to the side which is furthest 
from the angle a which is first touched by the knife. Then if the 
section should roll, at all events the section of the object will come 
to lie in the most open spire of the coil, and can thus be more easily 
unrolled. 

The rolling of sections above refeired to is an annoying 
phenomenon of very frequent occurrence. Its most usual cause is 
over-hardness of the paraffin, but it is favoured by excessive 
obliquity of the knife, and other circumstances. With large sections 
it is not difticiilt to catch them by the edge 
as they begin to roll, and hold them down 
with a camers-haii‘ brush. (])r a section- 
stretcher may be us(m1.^ 

If the j)ai'affin be too soft, the sections 
will not roll, but will become creased. 

Either of these defects may be dimi- 
nished, sometimes even totally cured, by 
simple means. Firstly, due attention must 
be paid to the position of the knife ; not 
only to its oblitpiitv, but also to its tilt, as 
explained above. 

Secondly, if the paraffin should be too 
hard, it may be softened by setting up a 
lamp near it, or even by closing the win- 
dow, if this should happen to be open, or 
by cairying the microtome to a warmer 
place, or by any device that will have the 
effect of exposing the paraffin block to an 
increase of tem})eratiu*e. An incredibly 
slight increa.se will sometimes suffice. 
Thirdly, if it should be too soft, an opposite 
treatment must be tried. The micmtome is removed to a cooler 
place, or the window is opened, or the lik<*. 

If none of these manceuvi-es suffice to obtain sufficiently good 
sections, the object must be le-iiii bedded in a harder or softer 
paraffin. But it will generally be possible to .save the sections by 
flattening them out by the water method, to be pre.sently described. 

The, parajffin. emjdoyed for iinheddhig imist he of a hardness 
deternuned hy the temperature of the rcorhroom : hard paraffin for a 
warm room, soft paraffin for a cohl room. For the Thoma microtome, 
a paraffin melting at 45° C. (or 118° F.) gives good results so long as 



1 ‘ Section- stretcliers are instriimeiitH consisting essentially of a little metallic roller 
suspended over the object to be cut in such a w ay as to rest on its free surface with 
a pressure that can be delicately regulated sii as to be sufficient to keep the section 
flat without in any way hindering the knife from gliding beneath it.’ They are made in 
various forms, the most convenient being that of Mayor, Andres and Giesbi echt,of which 
a description and figure maybe found iniXia Journal of the Roy. Micronropical Soc. 
1883, p. 916. Now that the water flattening process (see below, Flattening) has bden 
perfected, section- stretchers are not so necessary as they were formerly, and for most 
work may be dispensed with. 
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the temperature of the laboratory lies between 15® and 17® C. (59° 
and 62® F.) ; though many workers prefer, even with this instrument, 
a much hai*der mass. Foi* microtomes n^iih fixed knives^ such as 
the Cambridge rockei*, harder paraffins may be used than with sliding 
microtomes, paraffins of from 55® to 60® C. (131® to 140® F.) being 
used by many workers. For cutting ribbons with these hard 
masses it is fi'ecpiently necessary to coat the face of the block 
nearest to tlie knife with a softer paraffin, in ordei* that the sections 
may cohere. 

Masses of intermediate (‘onsistency may be made by mixing a 
hard and a soft paraffin. Two parts of paraffin of 50® 0. (122° F.) 
with one of 36° 0. (97° F.) melting-point, give a mass melting at 
48® C. (119® F.). 

Mixtures of paraffin with vaseline and with various fatty and 
other substances liave been recommended. Iliey are now generally 
abandoned. 

5. Flatten, iiuj the sections^ and moantiny. — If the sections have 
come oil* either rolled or creased, they must be flattened before the 
paraffin is removed. 

If they ai*e large sections, float them on to warm water in a 
suitable dish. They will flatten out perfectly in a few seconds, and 
they may then be lifted out on a slide or cover-glass slid under 
them. Tdie mater must not he marrn enouyJt to melt the paraffin^ which 
must only be warmed, not melted, till the sections liave been 
securely fixed to the slid(" or cover. A tem2)erature of about 40° C. 
(104° F.) is about right. 

Or take a clean slide, fr(‘e from grease, spi*ead on it with a 
brush enough water to float the sections, lay the sections on it, and 
warm, either on the wat(n’-l>ath, or on a hot plate, or over a small 
flame, taking care not to melt the parajffin. 

If the sections are numerous and small, take a ]>erfectly clean 
slide, so clean that water will readily spread on it. Breathe on it, 
iind smear on it. with a bi ush a streak of water as wide as the 
sections and of the length of the first intended i-ow. Lay the first 
low of sections on this streak. Breath(* on the slide again, and 
draw on it anotlau’ streak of water under the first one. Lay a 
second row of sections on this ; and so on until the slide is full. 
Then warm as before. 

The chief difficulty connected witli this process lies in the diffi- 
culty of getting the watei- to spread evenly on the slide. The slide 
should be well freed from gi'ease, by means of xylol or some good 
solvent of fats, and then cleaned with alcohol. The test for suffi- 
cient freedom from grease is, that on breathing on the slide the 
moisture of the breath should condense on it evenly, and evaporate 
evenly. The slide should also be w^ell rubbed with a clean cloth 
wetted, or rathei* moistened, with water, before the water is defi- 
nitely spread on it with the brush. Some sorts of slides cannot be 
got to spread the water evenly by any means. 

The following is said by T)e Groot (‘ Zeitschrift f. wiss. Mikro- 
skopie,’ XV. 1, p. 62) to be infallible. Wrap the corner of a clean 
cloth round two fingers and rub it with a piece of chalk. Moisten 



502 PREPARATION, MOUNTING, AND COLLECTION OF OBJECTS 


it with a drop of water and rub the slide with the clialked part, 
then finish mth pure water and a clean part of the cloth. 

6, The flattening having been accomplished by either of these pro- 
cesses, the sections must now be fixed to the slide or cover before the 
paraffin is removed. 

The most elegant method of accomplishing this is by wbat is 
known as the water metJiod. It consists simply in drying the sec- 
tions on the slide (or cover). After they have been got on the slide 
and flattened out by water and warming as above described, the 
superfluous water is drained oflT, and the slide put away to dry. As 
soon as the water has entirely evaporated off, the sections will be 
found to be so firmly affixed to the glass that they will beai* the 
melting of the paraffin, treatment with solvents, wdtli alcohol or 
stains, <fec., without moving. A convenient plan is to dry the slides 
on the top of the stove oi* water-bath at a temperatui'e somewhat 
under the melting-point of the paraffin. This vvull take from half an 
liour to three or four hours. When dry the sections will have 
jissumed a certain hoiny ti-ans^mrent look. 21ie parafiin mmt not 
allowed to melt before the sections are perfectly dry. If they are left 
to dry at the temperature of the room, they should be left overnight. 

As soon as the sections are (juite dry, the paraffin mjiy be melted 
by holding the slide for a few seconds over a small flame, after which 
it is plunged at once into a tube of xylol or benzol or chloroform or 
the like, which in a few seconds or minutes dissolves out all the 
paraffin from the sections. 

The water method is very sjife for sections that present a suflicient 
uninterrupted surface capable of aftbrding adhesion at all points to 
the slide. But sections of hollow organs, oftei ing only a relatively 
small surface for attachment, adhere very badly. Sections of such 
things as tubular chitinous organs, for instance, will generally not 
allow of mounting at all in this way. 

In such cases, Mayer's albatnea fixative should be employed. 
Take 50 c.c. of white of egg, 50 c.c. of glycerin, and 1 grm. of 
salicylate of soda, shake them up well togethei*, and filter into a clean 
bottle. The filtering may take days. A little, very little of this is 
now painted on to the part of the slide destined to receive the sec- 
tions, and the layer smoothed by drawing the edge of a slide over it 
(some persons rub off the excess with the ball of a fingei ). Place a 
drop of water on the prepared surface, lay the sections on it and 
flatten by warming, di*ain and evaporate as in the water process, 
with this difference, however, that the evaporation need not be 
carried to the point of perfect drying. The slides will be sufficiently 
evaporated at a temperature of 40® C. in ten minutes or a quarter of 
an hour. And if the evaporation be conducted by waving the slide 
to and fro over a flame, from three to five minutes may suffice. The 
paraffin is then melted and removed by xylol or other solvent, as 
before. This process has the advanbige over the water process of 
greater safety and greater rapidity, but has the disadvantage that 
the layer of albumen stains obstinately in some plasma stains, thus 
producing an inelegant mount. 

If the sections be neithei* rolled nor creased, it is not necessary 
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to flatten them on water. They may be laid down on Mayer’s 
albumen, without water, gently preissed down with a biush, and the 
paraflin melted and dissolved at once, the whole process taking only a 
few seconds. But for delicate histological work it is well to employ 
the water method in any cjise, as the fhittening on water seiwes to 
somewhat ex2)and the sections, which, unless cut from extremely 
hai*(l paiaflin, ai*e genei*ally somewhat compressed by the impact of 
the knife. 

As soon as the paraflin has been removed, all that is necessary, 
in the })ui-e water pi*ocess, is to add a drop of balsjini and a cover, if 
the material has been already stained. If not, the solvent of the 
pai*aflin is removed by alcohol, and the sections are stained in any 
mannei* that may be desii*ed. 

But if Mayer’s albumen has been employed the sections must be 
thoroughly washed with alcohol before the definitive clearing and 
mounting. This is necessary in order to remove the glycerin, which 
would otherwise cause turbidity in the mount. 

Tubes for Handling Serial Sections. — The most convenient 
vessels for performing the various operations of washing, dehydrating, 
clearing, staining, &c., with sections fixed to the slide, are flat 
bottomed corked tubes. They should have an internal <liameter 
slightly over 1 inch, so as to be able to take two slides placed back 
to back ; and they should be nearly 4 inches high, so as not only 
to take the slides in an upright position, but to allow room for the 
coi’k. A stand is easily made for them by taking a piece of inch 
deal board, and boilng in it with a centrebit holes about ^ inch 
deep, large enough to take the bottoms of the tubes, and about 1 inch 
apart. A board with three rows of seven holes each does not take 
up too much room on the work-table. 

The Collodion or Celloidin Imbedding Method. — Celloidin is a 
patent collodion, sent out in semi-dry biblets. It may be obtained 
throxigh (Irlibler and Hollborn. To prepare it for use for imbedding 
it may either be dissolved at once in a mixture of equal parts of 
ether and absolute alcohol, or, which is held by some workers to be 
prefei able, it may be cut up into thin shavings, which are allowed to 
diy in the air until tliey have assumed a horny consistency, and are 
then dissolved in the ether and alcohol. It is held that by thus 
drying the celloidin all water is removed from it, and a more favoui*- 
able imbedding mass obtained. Either celloidin or common collodion 
may be used for imbedding, celloidin having merely the advantage 
stated. 

A thin celloidin solution is made by dissolving from 4 to 
6 per cent, of the dried shavings in the alcohol and ether mixture ; 
a thick one by dissolving from 10 to 12 per cent, of them. 
Thicker solutions than this are not necessary. If common collodion 
be taken, a thin solution should be prepared by diluting it with 
ether. 

The objects to be imbedded must first be thoroughly dehydrated 
with absolute alcohol. They are then soaked, till thoroughly pene- 
trated, in ether, or, which is better, in a mixture of ether and 
absolute alcohol. They are then brought into the collodion. 
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They should be soaked first in a ihm solution, until thoi*oughly 
impregnated with it, for days, even for small objects ; weeks or 
months for large ones. When well saturated with this they should 
be brought into a thick solution, and sojiked in it foi* a long time, the 
longer the better. 

When it is deemed that they are saturated, they may be imbedded. 
In many cases this may be efficiently done by simply gumming the 
object by means of a drop of thick collodion to a cork, oi*, bettei', a 
piece of soft wood, adapted to be afterwards fitted to the microtome. 
But foi* the purpose of accurate orientation it is preferable to imbed 
in a mould. This is done in the manner desci ibed for paraffin. A 
convenient mould for celloidin is made by taking a cork, and winding 
a strip of paper several times i*ound one end of it, so as to form a 
projecting collar, whicli is fixed witli a pin. Before using tliis, or 
any paper tray, it should be dressed by having tlie inside painted 
with collodion, which is allowed to dry before the imbedding mass is 
poured into it. Tlie object of this is to prevent bubbles of air 
coming in through the bottom or sides of tlie mould. Watch-glasses, 
deep water-colour moidds, and tlie like, also make convenient 
imbedding receptacles. Care shoidd be taken to have them perfectly 
dry. 

If bubbles should appear after the mass has been poured in, they 
should be got rid of before proceeding further by exposing the whole 
to the vapour of ether foi* an houi* or two in a closed vessel. 

The next step consists in the hardmi'ng of the mass. One of the 
best ways of doing this is as follows : — 

‘ Put the preparation into a desiccator or other suitable closed 
vessel, on the bottom of which a teaspoonful of chloroform has been 
poured. As soon as the mass has attained sufficient superficial hard- 
ness, it is, of course, well to turn it out of its recipient and turn it 
over from time to time, in oi*dei* that it may be eipially exposed on all 
sides to the action of the vapour. Small objects may be sufficiently 
hardened in from one houi* to overnight. When fairly hard (it is not 
necessary to wait till the mass has attained all the hai*dness of which it 
is susceptible), throw it into a mixture of one part of chloroform with 
one or two parts of cedar oil. From time to time more cedar oil should 
be added, so as to bring the mixture up gradually to nearly })ure cedar 
oil. As soon as the object is cleared thi'oughout, the mass may be 
exposed to the air, and the lest of the chloi oform will evaporate 
gradually. The block may now^ be mounted on the holder of the 
microtome with a drop of thick collodion (wdiich may be allow'ed to 
dry, or may be hardened by putting back into chlorofoini vapoui ), 
and may either be cut at once, or may be presei'ved indefinitely 
without change in a stopi^ered bottle, (/at with a dry knife,^ the cut 
surface will not dry injuriously under several houis. The cutting 
quality of the mass is often iiiquoved by allowing it to evaporate in 
the air for some hours. 

‘ The hardening may be done at once in the chloi-oform and cedai*- 
wood mixture, instead of the chloroform vapour, but the latter 
process is preferable as giving a better hardening. And clearing may 
be done in pure cedar oil instead of the mixture, but then it w ill be 
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very slow, whereas in the mixture it is extremely rapid/ (From 
Mr. Lee’s ‘ Microtomist’s Vade-mecum.’) 

Instead of cedar oil, white oil of thyme may be employed ; and 
some workers use glycerin. 

The above process is recommended as giving good results with 
small objects. For large ones the alcohol process is more generally 
employed. 

In this the mass is first subjected to a preZimiitary hardening. 
The mass, with the imbedded object, is set under a glass shade or 
put into a loosely dosed vessel, so as to* allow of just enough com- 
munication with the air to set up a slow evaporation. It is some- 
times a good plan to set it under a bell -jar with a dish containing 
alcohol, so that the evapoi*ation is gone thi'ough in an atmosphere of 
alcohol. As soon as tlie mass (of which only enough to just cover 
the object should have been taken) lias so far sunk down that the 
object begins to lie dry, fresh thick solution is added, and the whole 
is left as liefore. The process is repeated every few hours for, if 
need be, two or tlii'ee days. 

When the mass has attained a consistency such that the ball of 
a finger (yiot the nail) no longei- leaves an impress on it, it should 
be scooped out of the dish oi* mould, or have the paper 1 ‘emoved if 
it has been imbed(U‘d in jiapei’, and be submitted to the next stage 
of the hardening jmicess. 

This, the dejimtlve hardp}fi)up consists in putting the preparation 
into alcohol, and leaving it till it has attained the right consistency 
(one <lay to several weeks). The strength of alcohol used by 
different workers vaiies between 70 jier cent, and 85 per cent., the 
lattei* strength lieing probably the best. The vessel containing the 
alcohol ought uot to he tightly closed^ hut should hp left at least slightly 
open. 

‘ To Jix the hardened preparation to the microtome^ proceed as 
follows. Take a piece of soft wooil, or, for very small objects, pith, 
of a size and shape adapted to fit the holder of the microtome. 
Cover it with a layer of collodion, wliich you allow to dry. Take the 
block of collodion, or the impregnated and hardened but not 
imbedded object; cut a slice off* the lK)ttom, so as to get a clean 
surface ; wet this surfac’e first with absolute alcohol, then with ether 
(or jdlow it to dry), place one drop of very thick collodion on the 
prepared wood or pith, and press down tightly on to it the wetted 
or di ied surface of the block of collodion. Then throw the whole 
into weak (70 per cent.) alcohol for a few hours (or even less), or 
into chloroform, or vapo\ir of chloroform, for a few minutes, in 
order that the joint may harden.’ (From Mi*. Lee’s ‘ Microtomist’.s 
Vade-mecum.’) 

Sections of material prepared in this way are cut with a knife 
kept abundantly wetted with alcohol (of 50 to 85 or even 95 per 
cent.). Some kind of di*ip ari*angement may be found very useful 
here. The knife is set in as oblique a position as possible. These 
two points are illustrated in fig. 398. 

Another method of definitive hardening and cutting is the 
freezing method. ‘ Aftei* preliminaiy hardening by alcohol the mass 
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is soaked for a few hours in water in order to get rid of the greater 
part of the alcohol (the alcohol should not be removed entirely, or 
the mass may freeze too hard). It is then dipped for a few 
moments into gum mucilage in order to make it adhere to the 
freezing plate, and is frozen. The sections are brought into warm 
water. If the mass have frozen too hard, cut with a knife warmed 
with warm water.’ 

Staining and mownting . — The sections are brought into alcohol 
of not more than 95 per cent, as fast as they are cut, and may now 
either be stained or mounted at once. It is not in general 
necessfiry nor even desirable to remove the mass from the sections 
before staining or mounting. It is no hindrance to staining, and on 
being mounted in glycei-in or balsam it becomes perfec^tly invisible. 

To mount in glycei*in, nothing more is necessary than to add a 
drop of glycerin and a, covei*. 

To mount in balsam, dehydrate in alcohol of not more than 95 
per cent.^ and cleai* with an oil that does not dissolve collodion, such 
as oil of origanum, bergamot oil, cedar oil, or with chlorofoi*m or 
xylol. 

The foregoing I'elate.s to single sections. If it be flesirod t(> 
mount a series of small sections under one (‘over, arrange them on 
the slide and expose it foi- a few minutes to the vapours of a 
mixture of ether and alcohol in a closed tr>be. Then ti'eat with 95 
per cent, alcohol, clear and mount. 

If the sections are to be stained on the slide, care should be 
taken when arranging them to let the celloidin of each section over- 
lap that of its neighbour at the edges, so that the ether vapour may 
fuse them all into a continuous sheet. Then on passing the slide 
into any aqueous liquid the sheet will be detached, and may then 
be treated as a single section. 

If the sections should come ofl‘ the knife creased, they may be 
flattened by floating them on to oil of bergamot, after which they 
may be got on to the slide and gently jiressed on to it with a 
cigarette paper or a piece of glossed tissue papei’, after which they 
may be exposed to the vapoui* of ether and ah^ohol as before. 

Series may also be aflixed to the slide by means of Mayer’s 
albumen, as described above for paraffin sections. 

For the complicated manipidations involved in the methods of 
Weigert, Obregia, and others, which are oidy necessary in very 
special cases, the readei* must be referred to Mr. A. Bolles Lee’s 
‘The Microtomist’s Vade-mecum.’ 

Grinding and Polishing Sections of Hard Substances.— Sub- 
stances which are too hard to be sliced in a microtome — such as 
bones, teeth, shells, coi*als, fossils of All kinds, and even some dense 
vegetable tissues — can only be reduced to the requisite thinness for 
microscopical examination by grinding down thick sections until 
they become so thin as to be transparent. General directions for 
making such preparations will be here given but those special 

' The following directions do not apply to siliceous substances, as sections of 
these can only be prepared by those who possess a regular lapidary’s apparatus, and 
have been specially instructed in the use of it. 
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details of management which particular substances may require wDl 
be given when these are i*espectively described. The first thing to 
be done will usually be to pi-ocure a section of the substance, as thin 
as it can be safely cut. Most substances not siliceous may be divided 
by the fine saws used by ai tisiins for cutting brass ; and these may 
be best woi ked eithei* by a mechanical arrangement such as that 
devised by J)r. Matthews,^ or, if by hand, between ‘ guides,’ svich as 
ai*e attached for this purpose to Hailes’s and some other microtomes. 
But there are some bodies (such as the enamel of teeth, and porcel- 
lanous shells) which, thougli merely calcareous, are so hard as to 
make it very difticult and tedious to divide them in this mode ; and 
it is much the (piicker operation to slit them with a disc of soft iron 
(resembling that used hy the lapidary) charged at its edge with 
diamond dust, which disc may Ire driven in an ordinary lathe. Where 
waste of material is of no account, a very expeditious method of 
obtaining pieces fit to grind down is to detach them from the mass 
with a strong pair of ‘ cutting pincers,’ or, if they be of small 
dimensions, with ‘ cutting pliers ; ’ and a flat surface must then be 
given to it, either by holding them to the side of an ordinary grind- 
stone, or by rubbing on a plate of lead (cast or planed to a perfect 
level) charged with emery, or by a strong-toothed file, the former 
being the most suitable for the hardest substances, the latter for the 
toughest. There are certain substances, especially calcareous fossils 
of wood, bone, and teetli, in which the greatest care is required in 
the performance of these pi eliminary operations, on account of their 
extreme friability — the vibration produced by the working of the 
saw or the file, or by grindingon a rough surface, being sufficient to 
disintegrate even a thick mass so that it falls to pieces under the 
hand ; such specimens, therefore, it is re(iuisite to treat with great 
caution, dividing them by the smooth action of the wheel, and then 
rubbing them down upon nothing rougher than a very fine ‘grit,’ or 
on tlie ‘ corundum files ’ now sold in the tool shops, which are made 
by imbedding corundum of various degrees of fineness in a hard, 
resinous substance. Where (as often happens) such specimens are 
sufficiently porous to admit of the penetration of Canada balsjim, it 
will be desirable, after soaking them in turpentine for a while, to 
lay some liquid balsam upon the parts through which the section is 
to pass, and then to place the specimen before the fire or in an oven 
for some little time, so txn first to cause the balsam to run in, and 
then to harden it ; by this means the specimen will be rendered 
much more fit for the processes it has afterwards to undergo. It 
not unfrequently happens that the small size, awkward shape, or 
extreme hardness of the body occasions a difliculty in holding it 
either for cutting or grinding ; in such a case it is much better to 
attach it to the glass in the first instance by any side that happens 
to be flattest, and then to rub it down, by means of the ‘ hold ’ of the 
glass upon it, until the projecting portion has been brought to a 
plane, and has been prepai’ed for permanent attachment to the glass. 
This is the method which it is generally most convenient to pursue 
with regard to small bodies ; and there ai'e many which can scarcely 
1 Journ. Quekett Microsc. Chtby vol. vi. 1880, p. 83. 
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be treated in any other way than by attiiching a number of them 
to the glass at once in such a manner as to make them mutually 
support one another.^ 

The mode in which the operation is then to be pi oceeded with 
depends upon whether the section is to be ultimately set up in Canada 
balsam, or is to be mounted ‘ dry,’ or in fluid. In the former case 
the following is the plan to be pursued : — The flattened suiTace is to 
be polished by rubbing it with water on a ‘ Water-of-Ayr ' stone, oi* 
on a hone or ^ Turkey ’ stone, or on an ^ Arkansas ’ stone ; the first of 
the three is the best for all ordinaiy purposes, but the two latter, 
being much harder, may be employed for substances which resist it.**^ 
When this has been sufliciently accomplished, the section is to be 
atbiched with hard Canada balsam to a slip of thick, well -annealed 
glass ; and as the success of the final result will often depend upon 
the completeness of its adhesion to this, the means of most effectually 
securing that adhesion will now be described in detail. The sli(h^. 
having been placed on the cover of the water-bath, and the previously 
hardened balsam having been softened by the immei'sion of the jar 
containing it in the bath itself, a suflicient quant ity of this should he 
laid on the slide to form, when spread out hy licpiefaction, a thick 
drop, somewhat la.i*ger than the surface of the object to he attached. 
The slide should then be allowed to cool in order tliat the hardness 
of the balsjim should be tested, if too soft, as indicated by its 
ready yielding to the thumbnail, it should he heated a little more, 
care being taken not to make it boil so as to form bubbles; if too 
hard, which will be shown by its chipping, it sliould be remelted 
and diluted with more fluid balsam, and then set aside to cool as 
before. When it is found to be of the right (*onsistence, the section 
should be laid u])on its surface with the polished side downwards ; 
the slip of glass is next to be gradually warmed until the balsam is 
softened, special care being taken to avoid the formation of bubbles ; 
and the section is then to be gently pi*essed dowui upon tlie liquefied 
balsam, the pressure being at first applied rather on one side than 
over its whole area, so as to drive the superfluous balsam in a sort 
of wave towards the other side, and an equable pi'essiire being finally 

^ Thus, in making horizontal and vertical sections of Foraminifera, as it would 
be impossible to slice them through, they must be laid close together in a bed of 
hardened Canada balsam on a slip of glass, in such jiositions that when rubbed down 
the plane of section shall traverse them in the desired directions ; and one flat surface 
having been thus obtained for each, this must be turned downwards, and the other 
side ground away. The following ingenious plan was suggested by Dr. Wallich {Ann. 
of Nat. Hist. July 1861, p. 58) for turning a number of minute objects together, and 
thus avoiding the tediousness and difficulty of turning each one separately : —The 
specimens are cemented with Canada balsam, in the first instance, to a thin film of 
mica, which is then attached to a glass slide by the same means ; when they have 
been ground down as far as may be desired, the slide is gradually heated just suffi- 
ciently to allow of the detachment of the mica film and the specimens it carries ; and 
a clean slide with a thin layer of hardened balsam having been prepared, the mica 
film is transferred to it with the ground surface downwards. When its adhesion is 
complete, the grinding may be proceeded with ; and as the mica film will yield* to the 
stone without the least difficulty, the sirecimens, now reversed in position, may be 
reduced to requisite thinness. 

^ As the flatness of the polished surface is a matter of the first importance, that 
of the stones themselves should be tested from time to time ; and whenever they are 
found to have been rubbed down on any one part more than on another, they should 
be flattened on a paving-stone with fine sand, or on the lead-plate with emery. 
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made over the whole. If this be carefully done, even a very large 
section may be attached to glass without the intervention of any air- 
bubbles. If, however, they should present themselves, and they 
cannot be expelled by increasing the pressure ovei- the part beneath 
which they are, or by slightly shifting the section from side to side, 
it is better to take the section entii-ely off, to melt a little fre.sh 
balsam upon the glass, and then to lay tlie section upon it as before. 

When the section has been thus secured to the glass, and the 
attached pai*t thoroughly saturated (if it be porous) with hard 
Canada l)alsam, it may be readily reduced in thickness, either by 
grinding 01* filing, as before, or, if the thickness be excessive, by 
taking ofi* the chief part of it at once by the slitting wheel. So 
soon, however, as it approaches the thinness of a piece of ordinary 
card, it should be rubbed down with water on one of the smooth 
stones ])i‘eviously named, the glass slij) being held beneath the 
fingers witli its face downwards, and the pressure being applied 
with such etpiality that the thickness of the section shall be (as 
nearly as can be discerned) equal over its entire surface. As soon 
as it begins to be translucent, it should be placed under the micro- 
scope (particular regard being had to the method of illumination 
so as not to flood the object with light), and note taken of any 
inequality ; and then when it is again laid upon the stone, such 
inequality may be brought down by making special pressure with 
the forefinger upon the part of the slide above it. When the 
thinness of the section is such as to cause the water to spread 
around it between the glass and the stone, an excess of thick- 
ness on either side may oftcui be detected by noticing the smaller 
distance to which tlie liquid extends. In proportion as the sub- 
stance attached to the glass is ground away, the superfluous 
balsam which may have exuded around it will be brought into con- 
tact witli the stone ; and this should be i*emoved with a knife, 
care being taken, however, that a margin be still left round the edge 
of the section. As the section ap)>roaches the degi^ee of thinness 
which is most suitabh* foi* the display of its organisation, great care 
must be taken that the grinding jirocess be not carried too far ; and 
frequent recourse should be had to the microscope, which it is 
convenient to have always at hand when work of this kind is being 
carried on. Thei*e are many substances whose intimate structure 
can only be displayed in its highest peitection when a very little 
more reduction would ilestroy the section altogether ; and every 
microscopist who has occupied himself in making such preparations 
can tell of the numbei* which he has sacrificed in order to attain 
this perfection. Hence, if the amount of material be limited, it is 
advisiible to stop short as soon as a good section has been made, and 
to lay it aside — ‘ letting wrell alone ’ — whilst the attempt is being 
made to procure a better one ; if this should fail, another attempt 
may be made, and so on, until either success ha.^ been attained or 
the w hole of the material has been consumed ; the first section, 
however, still remaining, wdiereas, if the first, like\every subsequent 
section, be sacrificed in the attempt to obtain perfection, no trace 
will be left ‘to show^ what once has been.’ In judging of the 
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appearance of a .section in this sttige under the microscope, it is to 
be remembei-ed that its ti-ansparence will subsequently be consider- 
ably increased by mounting in Canada balsam : this is particularly 
the case wdth fossils to which a deep hue has been given by the 
infiltration of some colouring matter, and with any substances 
whose particles have a molecular aggi'egation that is rather amor- 
phous than ciystalline. When a sutKcient thinness has been attained 
the section may generally be mounted in Canada balsam ; and the 
mode in which this must be managed will be detfiiled hereaftei*. 

By a slight variation in the foregoing process, sections may be 
made of structures in which ({is in corals) hard and soft parts are 
combined^ so as to show both to advantage. Small pieces of the 
substance are first to be stained thoroughly and are then to be 
‘ dehydrated ’ by {ilcohol. A thin solution of copil in chloroform is 
to be prepared, in which the pieces are to be immersed ; {iiid this 
solution is to be concentrated by slow evaporation, until it c^an be 
drawn out in threads whicli become brittle on cooling. The pieces 
are then to be taken out, and laid aside to harden ; and when the 
copal has become so firm that the edge of the finger-nail m{ikes no 
impression, they are to be cut into slices Jind ground down attached 
to glass in the manner {ilreiidy described, the sections being finally 
mounted in Canada balsjim. The sections ({ittached to ghiss) may 
be partially or completely decalcified, the soft })arts i-emaining 
situ, by first dissolving out the copal ivith chloroform ; when, after 
being well washed in water, they should be .again stained, Jind 
mounted either in weak s[)irit or (after having been dehydrated) in 
C{inada balsam.^ 

A diflTerent mode of procedure, however, must be adopted when 
it is desired to obbiin sections of bone, tooth, or other finely tubular 
structures, w^?.penetrated by Camida balsam. If tolerably thin sec- 
tions of them can be cut in the first instance, or if they jire of a size 
and shape to be held in the hand w hilst they are being roughly ground 
down, there will be no occasion to attach them to glass at all ; it is 
frequently convenient to do this at first, however, for the purpose of 
obtaining a ‘ hold ’ upon the specimen ; but the suiTace which Iris 
been thus attiiched must {ifterwards be completely I’ubbed away in 
order to bring into view’ a stratum which the Canada balsam shall 
not have penetrated. As none but substances possessing considerable 
toughness, such as bones and teeth, can be ti'eated in this iminner, 
and as these are the substances which are most quickly reduced by 
a coarse file, and are least liable to be injured by its action, it will 
be generally found possible to reduce the sections nearly to the 
required thinness by laying them upon a piece of cork or soft w^ood 
held in a vice, and operating upon them first with a coarser and then 
with a finer file. When this cfinnot safely be carried farther, the 
section must be rubbed down upon that one of the fine stones already 
mentioned which is found best to suit it ; as long as the section is 
tolerably thick, the finger may be used to press and move it ; but as 

^ See Koch in Zoologtscher Anzeig, Bd. i. p. 86. The Author, having seen (by 
the kindness of Mr. H. N. Moseley) some sections of corals prepared by this process, 
can testify to its complete success. 
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soon as the finger itself begins lo eoine into contact with the stone, 
it must be guarded by a fia,t slice of cork, or 1)y a piece of gutta-percha 
a little larger than the object. Under citlK r of these, the section 
may be rubbed down to the desired thinness ; but even the most 
careful working on the finest-grained stone will leave its surface 
covered with scratches, which not only detract from its a|)p(‘a ranee, 
but prevent the debiils of its internal structure from being as K jidily 
made out as they can be in a polished section. This polish may be 
imparted by rubbing the section with putty-powder (peroxide of tin) 
and water upon a leather straj> made by covering the surface of a 
board with buft’ leather, having three or four thicknesses of cloth, 
flannel, or soft leather beneath it ; this operation must be performed 
on both sides of the section, until all the marks of the scratches left 
by the stone shall have been rubbed out, when the specimen will be 
fit for mounting ‘ dry,’ after having been carefully cleansed from any 
adhering particles of putty-powdei*. 

Greater facility in the grinding of hard sections, as well as supe- 
riority of result, is attainable by simple mechaniail means. 

A cutting machine will greatly facilitate the process of preparing 
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rock slices. The thickness of each slice must be mainly regulated 
by the nature of the i*ock, the rule being to make it as thin as e.an 
be conveniently cut, so as to sjive labour in grinding down afterwards. 
Perhaps the thickness of a shilling may be taken as a fair average. 
This thickness may be still further reduced by cutting and polishing 
a face of the specimen, cementing that on glass, and then cutting as 
close as possible to the cemented surfiice. The thin slice thus left 
on the glass can then be ground down with com])arative ease. 

The first (fig. 411) is a hand mat-hine. 'flie .sptciuuai is cemented 
to the carrier, which is movable on tlie axi.'>. />. .and can also be 
rotated in two directions. The object is j)i t ‘sstal by the weight, c, 
agaiiivst the .steel disc, which i.«^ ruxolved by the wheel, c. acting on 
a smaller-toothed wheel on the axis of 

The second (fig. 412) is intcndtal to be worked hy tlu* ioid . Tla^ 
parts fX, h, c, and d are the sanu‘ as before. The wlieel and trcxidle at 
y\and if work the pulley, e, by wliich the siei^l disc. d. is re\ olved ; h 
is part (){*the cover for the disc, to prevent tlu‘ eiiaay Hying about. 
A box ben (‘a til .also eat eh ( vs the powder that falls. 

(This ai raugeiiieut is also supplied with lig. 111. t hough not shown 
in the woodtait.) A si-eoud wheel at /. with ;i cord passing over 
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actuates a vertical spindle, which rotates a horizontal east-iron 
plate at foi* [)olislnng. 

Decal cification. — ^When it is desired to exaniiiu' tiu' structure of 
the organic matrix in which the calcareous salts ai(‘ deposited that 
give hardness to many animal ami to a few vegetahlt' structures (such 
as the triK' coralliiu's). th(‘s(‘ salts must be dissolvc'd away by the 
a(*tion of some acad, siu*h as nitric or hydrocldoidc. This should be 
employed in a very dilute state, in order that it may make as little 
change as possible in the soft tissue it leaves behind. When jthe 
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lime is in the state of carbonaD* (as. for example, in llu' sk(d(*tons of 
echhwderrns), tlie body to be <lecalcilied should b<* pl.tccd in a glass 
jar oi* wide-montluMl bottle bolding from 4 to b oz. nl' water, ami t.be 
acid slioidd be addecl di'op by drop, until tla* disengageimait of aii- 
bub})l(*s show s Miat it is t a king effect ; and tiu* solv’ent proc(‘ss should 
be allow(Ml to t.ik(‘ jdaeo \ory gradually, more acid ]>eing add(‘d as 
iMMpiii-ed. Wdion. (»n tb«*nfh(“r hand, much of ihc lime is in the 
st ate of pliospliatc. ;is in Ixaies and teet h. the sti'caigth of lh(‘ .acid 
s(d\'ent must Ik* inerc'asod : .and tbrllu* ha rden i ng' of t he soft < m pa rt s 
of the (jrganie matiix it is desii-abh* that eln-omic .leid should be 
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used. In the case of small bones, or delicate portions of large 
(such as the cochlea of the ear), a ^ per cent, solution of chromic 
acid will itself serve as the solvent ; but larger masses require either 
nitric or hydrochloric acid in addition, to the extent of 2 per cent, 
of the former or 5 per cent, of the latter. By some the chromic and 
the nitric or hydrochloric acid are mixed-in in the first instance, 
while by others it is recommended that the bone should lie first in 
the chi'omic acid solution for a week or ten days, and that the 
second acid should be then added. If the softening be not com- 
pleted in a month, more acid must be * added. When thoroughly 
decalcified, the bone should be transferred to rectified spirit ; and 
it may then be either sliced in the microtome^ or torn into shreds 
for the demonstiution of its lamella?. Acid solvents may also be 
employed in removing the outer parts of cjdcareous skeletons, for the 
display of their internal cavities (a plan which the Author has often 
found vei*y useful in the study of Foraminiferd)^ or for getting rid of 
them entirely, so as to bring into complete view any ‘ internal cast ’ 
which may have been formed by the silicification of its originally 
soft contents. It has been in this mode, even more than by the 
cutting of thin sections, that the structure of Kozooit canadense has 
been elucidated by Professor Dawson and the Author. For the first 
of these purposes strong acid should be applied (under the dissecting 
microscope) with a fine Cfimers-hair pencil ; and another such pencil 
charged with wa ter sliould be at hand, to enable the observer to stop 
the solvent action whenever he thinks it has been carried far enough. 
For the second it is better that the acid should only be strong enough 
for the sloio solution of the shelly substance, as the too rapid disen- 
gagement of bubbles often produces displacement of delicate parts 
of the substituted mineral ; whilst, if the acid be too strong, the 
‘ internal cast ’ may be altogether dissolved away. 

Busch suggests nitric acid as the best of all agents foi’ decalcifica- 
tion, insomuch as it does not cause ‘swelling up,’ nor injuriously 
attiick the tissue elements. 

One volume of chemically pure nitric acid of specific gravity 1*25 
diluted with ten volumes of water may be employed for large and 
tough bones ; but it may be diluted to 1 per cent, for young bones. 

The method given is that fresh bones should be laid in alcohol 
of 95 per cent, for three days ; they must then be placed in the 
nitric acid, which must be changed daily for eight days. They must 
not remain after the deciilcification is complete, or they will become 
yellow. On removal the bones must be washed for a couple of hours 
in running water and placed again in 95 per cent, alcohol, and in a 
few days placed again in fresh alcohol. 

Desiliciiication. — It is desirable to be able t(? remove siliceous as 
well as calcareous elements from objects. To do this a glass vessel 
should be carefully coated vith pai-afiin internally, to prevent tlie 
action of the acid used ttiking place on the sides of the vessel. The 
subject to be cleared of its silica is placed in alcohol in the coated 
vessel, and hydrofluoric acid is added drop by drop. As the mucous 
membranes ai e fiercely attacked by this acid, gi*eat cjire must be 
exercised in its use ; but small sponges and other similai* siliceous 
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objects by remaining a few hours or a day in this are wholly deprived 
of their silicji, while the tissues do not suffer. 

Preparation of Vegetable Substances. — Little preparation is 
requii’ed, beyond steeping for a short time in distilled water to get 
rid of saline or other impurities, for mounting in preservative media 
specimens of the minuter forms of vegetable life, or portions of the 
largei* kinds of algw^ funyi^ or other succulent cryptogams. But 
the woody structures of j^haneroyams are often so consolidated by 
gummy, l esinous, or other deposits that sections of them slioidd not 
be cut until they have been softened by being pai-tially or wholly 
freed from these. Accoi’dingly, pieces of stems or roots should be 
soaked for some days in water, with the aid of a gentle heat if tliey 
are very dense, and should then be steeped for some days in methy- 
lated spirit, after which they should again be transfei-red to water. 
The same treatment may be applied to hard-coated seeds, the ‘ stones ’ 
of fruit, ‘ vegetable ivory,’ and other like substances. Home vegetable 
substances, on the other hand, ai*e too soft to be cut sutiiciently thin 
without previous hardeniiiy, either by allowing them to lose some of 
their moisture by evaporation, or by drawing it out by steeping them 
in spirit. Either treatment answers very well with such substances 
as that which forms the tuber of the potato, sections of which 
display the starch-grains in sitn. Where, on the other hand, it is 
desired to preserve colour, spirit must not be \ised ; and recourse may 
be had to gum-imbedding, which is j)articulai*ly serviceable where 
the substance is penetrated by air-cavities, as is the case with the 
stem of the rush, the thick leaves of the irater-llly ^ Ac. The tissue 
is well soaked in a syrupy solution of gum arabic, and this is then 
hardened, either by allowing it to slowly evaporate, or by throwing 
it into strong alcohol, or by freezing it. But where staininy processes 
ai-e to be employed, the substance shoidd be previously bleached by 
the action of chlorine (pr eferably by Ljibari'acpie’s chlorinated soda), 
and then ti’eated with alcohol for a few hours. 

For the rest, the minute structure of the higher plants is studied 
by means of the methods of fixing, staining, and section-cutting 
above described for the tissues of animals. For plants, absolute 
alcohol is much used as a fixing agent, the other reagents employed 
in their preparation being in general the same as those used in 
animal histology. 

Staining Bacteria. — It is needful to employ somewhat special- 
ised methods for staining the saprophytic, pathogenic, and other 
schizomycetes. Some of these stain admirably, but others, especially 
the somewhat larger forms, are much altei ed, and unless obsei va- 
tions are controlled with accurate and constant observations on the 
organisms in a living condition the most egi'egious errors may arise. 

(1) Take half a dozen cases of putrescence in which solid tissues 
are decomposing, but which are in difierent states of decomposition. 
From each take out with a pipette a small quantity, and transfei- to 
a carefully prepared and well-filtered decoction of veal in a small 
glass vessel, at the temperature of the respective putrefactions ; leave 
this for lialf an hour. Then with a fine pipette take out a minute 
drop from each vessel and diffuse each drop upon a cover-glass ; let 



STAINING BACTERIA 


SIS 

evaporation go on in a wai*in room for twenty minutes, then fix the 
film of saprophytes by means of fairly strong osmic acid vapour ; 
float the cover with the surface of bacteria downwards on a vessel 
of solution of violet of methyl-anilin foi* an hour or less, drain the 
edge of the cover-glasses on blotting-paper, and mount in glycerin. 

(2) Now take di-ops of the fluid from the several vessels and in 
a moist growing cell examine the living forms, and compai e these 
with your di*ied and stained preparations. 

(3) By another inethcxl, which will apply to the bacallus of 
tuberculosis, a layer of s[)utum or of putrefactive fluid may be spread 
as before upon a cover-glass, dried in an air-oven at about 100° F., 
and then passed three times, moderately slowly, through the flame 
of a spirit-lamp, so as to thoi*oughly ^ fix ’ the preparation by 
coagulating its albumen. Mix 1 c.c. of concenti-ated solution of 
methylen-blue in alcohol, 0*2 c.c. of 10 ]3er cent, solution of potash, 
and 200 c.c. of distilled water. On to this float the cover with its 
surface of bacteria downwai-ds and leave for twenty-four houi'S ; the 
film will be coloured bliu' ; place a. few drops of a solution of vesuvin 
all over the film, which drives out the methylen-blue from all but 
the bacteria,. Finish with alcohol and oil of cloves, and mount in 
balsam. 

For the same j^ni pose Professor Heneage Gibbes gives a method 
which has proved of great value. Take of rosanilin hydrochloride 
2 grins., methylen-blue 1 grm. ; rub them up in a glass inorhir. Then 
dissolve aiiilin oil, 3 c.c., in rectified spirit, 15 c.c. ; add the spirit 
slowly to the stains until all is dissolved, then slowly add distilled 
water, 15 c.c. Keep in a stoppered bottle. 

In the usual way dry the sputum, <&c., on a cover-glass and fix in 
a flame as a few drojis of the stain are poured into a test-tube and 
warmed. As soon as steam rises pour into a watch-glass and float 
the cover-glass on the warm stain ; allow it to remain four or five 
minutes ; or if we do not heat the stain but use it cold, let it remain 
for at least half an houi*. Wash in methylated spirit until no 
colour comes off ; di aiii, and then dry in an air-oven, and mount in 
balsam. 

StainiiKj Bacteria in Tissu-es (Loftier’s solution). — To 100 parts 
of solution of caustic potash of 1 : 10,000 add 30 parts of siiturated 
alcoholic solution of methylen-blue. Filter. Stain section for one 
or two hours, wash out with atretic acid of ^ per cent., followed by 
watei-. Dehydrate with absolute alcohol, clear with cedar oil, and 
mount in balsam. 

A process of differential staining of bacillus tuberculosis which 
was devised by MM. Pittion and Roux was presented recently (1889) 
to the Societd de Medecine de Lyon, and has met with high com- 
mendation. It recpiires three solutions : — 

A. Ten parts of fuchsin dissolved in 100 ptirts of absolute alcohol. 

B. Three parts of liquid ammonia dissolved in 100 parts of distilled 
water. 

0. Alcohol 50 parts, water 30 parts, nitric acid 20 parts, anilin- 
green to saturation. In preparing this solution dissolve the green 
in the alcohol, add the water, and lastly the acid. 


L L 2 
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It is used thus, viz. to 10 parts of solution B add one part of 
solution A, and heat until vapour shows itself, then immerse the 
whole cover-glass prepared as in the ordinary way for staining. One 
minute suffices to stain the bacilli. Wfish with plenty of water, and 
after rinsing with distilled water drop on the film side of the cover- 
ghuss a small quantity of solution C, which is not to remain more 
than forty seconds. Wash off with plenty of water, dry, and mount 
in xylol balsiim. 

The bacilli will be found to be stained a fine rose-red upon a pale- 
green ground. 

Staining Flagella. — The following is the latest form of tlie cele- 
brated method of Ldffler. A mordant is made as follows : To 10 c.c. 
of a 20 per cent, aqueous solution of tannin are added 5 c.c. of 
cold saturated solution of ferrous sulphate and 1 c.c. of (either 
aqueous or alcoholic) solution of fuchsin, methyl -violet, or ‘ Woll- 
schwarz.' Cover-glass preparations are made and fixed in a flame 
in the manner described above, special care being taken not to over- 
heat. Whilst still warm the preparation is treated with the above 
described mordant, and is heated in contact with it for half a 
minute, until the liquid begins to vaporise, after which it is washed 
in distilled water and then in alcohol. It is then treated in a 
similar manner with the st-ain, which consists of a saturated solution 
of fuchsin in anilin water (water in which a little anilin (fil has 
been shaken up and filtered), the solution being preferably 
neutralised to the point of precipitation by ctiutioiis addition of 
0*1 per cent, soda solution. For some further details concerning this 
process, the ‘Journal of the Royal Microscopical Society’ for 1890, 
p. 678, may be consulted. 

Chemical Testing. — It is often requisite, alike in biologiciil and 
in mineralogical investigations, to apply chemical tests in minute 
quantity to objects under microscopic examination. Various con- 
trivances have been devised for this purpose ; but the Author would 
recommend, from his own experience, the small glass syringe already 
described, or preferably the drop bottle, pp. 475-477, with a fine- 
pointed nozzle, as the most convenient instrument. One of its advan- 
tages is the very precise regulation of the quantity of the test to be 
deposited which can be obtained by the dexterous use of it ; whilst 
another consists in the power of withdra wing any excess. Care must 
be taken in using it to avoid the contact of tlie test-liquid with the 
packing of the piston. Whatever method is employed, great care 
should be taken to avoid carrying away from the slide to which the 
test-liquid is applied any loose particles which may lie upon it, and 
which may be thus transferred to some other object, to the great 
perplexity of the microscopist. For testing inorganic substances the 
ordinary chemicn.1 reagents are of course to be employed ; but certain 
special tests are required in biological investigation, tlie following 
being those most frequently required : — 

a. Solution of iodhie in water (1 gr. of iodine, 3 grs. of iodide of 
potassium, 1 oz. of distilled water) turns sta^^ch blue and cellulose 
brown ; it also ^ves an intense brown to albuminous substances. 

/3. Chlor -iodide of zinc (Schultze’s solution) is perhaps best made 
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•AH follows : — Evaporate 100 c.c. of liquor zinci chloridi (B.P.) to 
70 e.c. ; dissolve in it 10 grins, of iodide of potassium ; then add 
0*2 grill, iodine ; shake at intervals till saturated. 

This is extremely useful for the detection of pure cellulose. The 
zinc chloride convei’ts cellulose into amyloid, which is then turned 
blue by fi*ee iodine. Wood-cells, cork-cells, the extine of pollen 
grains, and all lignified or corky membranes, are coloured yellow. 
Starch colours blue, but is rapidly disorganised. 

A very weak solution will instantly detect tannin, the cell con- 
tents in which it forms a part becoming reddish or violet. 

y. Solution of caustic potass or soda (the latter being generally 
})i*efei*able) lias a remarkable solvent eftect upon many organic sub- 
stances, botli animal and vegetable, and is extremely useful in 
rendering some structures transparent, whilst others are brought 
into view, its special action being upon horny textures, whovse 
component cells are thus rendered more clearly distinguishable. 

8. XYilwtQ sulphuric acid {oiio. of acid to two or three parts of 
water) gives to cellulose that has been previously dyed with iodine 
a blue or purple hue ; also, wlien mixed with a solution of sugar, it 
gives a, rose -red hue, more or less deep, with nitrogenous substances 
and with bile (Pettenkofer’s test). 

Sulphuric* acid causes starch grains to swell and similarly aftects 
cellulose. 

c. Concentrated nitric acid gives to albuminous suKstances an 
intense yellow. 

f. Acid nitrate of mercury (Millon’s test) (ten parts of mercury, 
ten of fuming nitric acid, and twenty of water) colours albuminous 
substances ixul. 

t]. Acetic acid^ which should be kept both concentrated and diluted 
with from three to five parts of water, is very useful to the animal 
liistologist from its ]iower of dissolving, or at least of reducing to such a 
stage of transparence that they c^in no longer be distinguished, certain 
kinds of membranous and fibrous tissues, so that other parts (especially 
nuclei) ai*e brought more strongly into view. 

0. Fjther dissolves resins, fats, and oils ; but it will not act on 
these thi'ough membranes penetrated with watery fluid. For the 
same pur})ose chloroform, benzol, oil of turpentine, and carbon bisul- 
phide are used. 

L. A Icoliol dissolves resins and some volatile oils, but it does not 
act on oi dinaiy oils and fats. It coagulates albuminous matters, and 
consequently renders more opaque such textures as contain them. 

K. Osmic acid is a test for fatty matters, which it stains black 
in varying degrees ; and in like manner for gallic and tannic acids. 

Preservative and Mounting Media. — We have now to consider 
the various inodes of preserving the preparations that have been 
made by the several methods indicated above, and shall first treat 
of such as are applictible to those minute animal and vegetable 
organisms, and to those sections or dissections of large structures, 
which are suitable foi- being mounted as transparent objects. A 
bi'oad distinction may be in the first place laid down between 
resinous anti aqtceous preservative media; to the former belong 
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Canada balsam and dammar, while the latter include all the mix- 
tures of which water is a component ; while pai*tly dehydrating 
media, such as glycerin and alcohol, occupy an intermediate position. 
The choice between the three kinds of media will partly depend 
upon the nature of the processes to which the object may have been 
previously subjected and partly upon the degree of ti'ansparence 
which may be advantageously imparted to it. Sections of substances 
which have been not only imbedded in but penetrated by paraffin, 
and have been stained (if desired) previously to cutting, are, as a rule, 
most conveniently mounted in Canada, balsam or dammar ; since 
they can be at once transferred to eithei- of these fi*om the menstruum 
by which the imbedding material has been dissolved out. The dura- 
bility of this method of mounting makes it pi*eferable in all cases to 
which it is suitable, the exception being where' it renders a vei*y 
thin section too tiansparent. In such cases sections or other 
objects may sometimes be moi‘e advantageously mounted in some of 
those aqueous preparations of glycerin which appi'oach the resinous 
media in transparence and permanence. When Canada balsam was 
first employed for mounting prepai'ations it was (*m ployed in its 
natural semi-fiuid state, in which it consists of a solution of resin in 
volatile oil of turpentine ; and uidess a large piojjfu tion of tlio latter 
constituent was driven oft' by heat in the pi*ocess of mounting 
(bubbles being thus formed of wdiich it was often difficult to get 
rid), or the mounted slide was afterwards subjected to a moi*e 
moderate heat of long continuance, the balsam would l emain soft, 
and the cover liable to disphicement. This is avoided by the method 
now generally adopted of previously getting l id of the turpentine by 
protracted exposuT*e of the balsam to a heat not sufticient to boil 
it, and dissolving the resin thus obtained either in xylol, benzol, or 
chloroform, but far preferably the foianer, the solution being made 
of such viscidity as will allow it to ‘ run ^ freely. Either of these 
solvents evaporates so much moi'e qui(;kly than turpentine that the 
balsam left behind hardens in a comparatively short time. Xylol- 
halsa7)i is now preferred by most mounters. It is made of equi\\ 
volumes of xylol and balsam. The natural balsam, how evei*, may be 
preferably used (with care to avoid the liberation of bubbles by 
overheating) in mounting sections already cemented to the slides 
by hardened balsam, and also for mounting the chitiiious textures 
of insects, which it has a peculiar power of i*endering transparent, 
and which seem to be penetrated by it more thoroughly than they 
are by the artificially prepared solution. The solution of daminai* 
in xylol is very convenient to work with, and hardens quickly. 

The following are the principal aqupMus media whose value has 
been best tested by general and protracted experience 

a. Fi*esh specimens of minute protophytes can often be very well 
preserved in distilled water saturated with c'amphor, the complete 
exclusion of air serving both to check their living actions and to 
prevent decomposing changes. When the pi eservation of colour 
is not a special object about a tenth part of alcohol may be added, and 
this will be found a suitable medium for the preservation of many 
delicate animal textures. 
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/3. Salt solution, 0*75 per cent, sodium cliloride in water. Use- 
ful as a medium for temporary examination, but not for permanent 
preservation. 

y. White of an egy. — Simply filter. 

8. Syrup in which is dissolved 1 to 5 per cent, of chloral 
hydrate, or 1 per cent, of carbolic acid. 

€. Liquid of Ripart ami Petit, — Camphor water (not saturated), 
75 grms. ; distilled water, 75 grms. ; glacial acetic acid, 1 grm. ; 
acetate of copper, 0*30 grm. ; chloride of copper, 0*30 gi*m. May be 
added to preparations stained with methyl-green, which it does not 
precipitate, and may be used for preserving either vegetal or animal 
tissues. 

f. Fahre-])omery ue' s Glucose Medium. — Clucose syrup of specific 
gravity 1'1968, 1,000 parts; methyl alcohol (wood spirit), 200; 
glycerin, 100 ; camphor to saturation. The glucose to be dissolved 
in warm water and the other ingredients added, and the mixture, 
which is always acid, neutralised with a little potash or soda. 

77. Chloral Hydrate, — A 5 per cent, solution in water, or 1 2 grains 
chloral hydrate to 1 fluid ounce of camphor water. (Mount in strong 
glycerin jelly.) 

0. Primes Glucose Medium. — Distilled water, 140 parts; ci\m- 
phorated spirit, 10 parts; glucose, 40; glycerin, 10. Mix the 
water, glucose, and glycerin, then add the spirit, and filter to remove 
the excess of camphor which is precipitated. This medium preserves 
the colour of preparations stained with anilin dyes, methyl-green 
included. 

L, Grum and Syrup. — Gum-mucilage (B.P.) five parts, syiaip three 
parts. Add 5 grains of pure ciirbolic acid to each ounce of the medium. 

B.P. gum-mucilage is made by putting 4 oz. of picked gum acacia 
in 6 oz. of distilled water until dissolved. 

Syrup is made by dissolving a pound of loaf sugar in a pint of 
distilled water and boiling. 

K, The glycerin jelly prepared after the mannei* of Mr. Law rence 
may be strongly recommended as suitable foi* a great variety of 
objects, animal as well as vegetable, subject to the cfiutions already 
given : — ‘ Take any quantity of Nelson’s gelatin, and let it soak for 
two or three hours in cold water, pour off the superfluous water, and 
heat the soaked gelatin until melted. To each fluid ounce of the 
gelatin add one drachm of alcohol and mix well ; then add a fluid 
drachm of the white of an egg. Mix well while the gelatin is fluid, 
but cool. Now boil until the albumen coagulates, and the gelatin 
is quite clear. Filter through fine flannel, and to each fluid ounce of 
the clarified gelatin add six fluid drachms of Price’s pure glycerin, 
and mix well. For the six fluid drachms of glycerin a mixture of 
two parts of glycei*in to four of camphor-water may be substituted. 
The objects intended to be mounted in this medium are best prepared 
by being immersed for some time in a mixtvire of one part of glycerin 
with one part of diluted alcohol (one of alcohol to six of water).’ ^ A 
small quantity of absolute phenol may be added to it with advantixge. 

1 A very pure glycerin jelly, of which the Author has made considerable use, is 
prepared by Mr. Rimmington, chemist, Bradford, Yorkshire. 
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Wlien used, the jelly must be liquefied by gentle warmth, and it is 
useful to warm both the slide and the cover-glass previously to 
mounting. This takes the place of what was formerly known as 
Dean’s medium, in which honey was used to prevent the hardening 
of the gelatin. 

X. For objects which would be injured by the small amount of 
heat required to li{piefy the last-mentioned medium, the glycerin ami 
gum medium of Mr. Farrants will be found very useful. This is 
made by dissolving four parts (by weight) of ])icked gum arabic in four 
parts of cold distilled water, and then adding two parts (d* glycerin. 
The solution must be made without the aid of heat, the mixture being 
occasionally stirred, but not shaken, whilst it is proceeding ; after it 
has been completed the liquid should be strained (if not perfectly 
free from impurity) through fine cambric previously well washed out 
by a current of clean cold water ; and it should be kept in a bottle, 
closed with a glass stopper or cap (not with cork), containing a small 
piece of camphor. The great advantage of this medium is that it 
can be used cold, and yet soon viscifies without cracking ; it is well 
suited to preserve delicate animal as well as vegetable tissues, and in 
most cases increases their trans})arence. 

Of late years glycerin has been largely used as a preservative, 
either alone, according to the method of Dr. Beale, or diluted 
with water, or mixed with gelatinous substances. It is much more 
favourable to the preservation of colour than most other media, and 
is therefore specially useful as a constituent of fluids used for 
mounting vegetable objects in their natural aspects. It has also the 
property of increasing the transparence of animal structures, though 
in a less degree than resinous substances, and may thus be advan- 
tageously employed as a component of media, for mounting objects 
that ai-e rendered too transparent by balsam oi* dammar. Two 
cautions should be given in regard to the em])loyment of glycerin : 
ji/rst^ that, as it has a solvent j)ower for cjubonate of lime, it should 
not be used for mounting any object liaving a calcareous skeleton ; 
and second, that, in proportion as it increases the transparence of 
organic substa-nces, it diminishes the reflecting power of their 
surfaces, and should never be emjfloyed, therefore, in the mounting of 
objects to be viewed by reflected light, although many objects 
mounted in the media to be presently specified are beautifully 
shown by ‘ dark-ground ’ illumination. 

1. A mixture of one part of glycerin and two parts of 
camphor-water may be used for the preservation of many vegetable 
structures. 

2. For preserving soft and delicate marine animals which are 
shrivelled up, so to speak, by stronger agents, the Author has found 
a mixture of one part of glycerin and one of spirit with eight or ten 
parts of sea- water the most suibible preservative. 

3. For preserving minute vegetable preparations the following 
method, devised by Hantsch, is said to be peculiarly efficient : A mix- 
ture is made of three parts of pure alcohol, two parts of distilled water, 
and one part of glycerin ; and the object, laid in a cement-cell, is 
to be covered with a drop of this liqviid, and then put aside under a bell- 



PRESERVATIVE MOUNTINa MEDIA 


521 


glass. The alcohol and water soon evaporate, so that the glycerin 
alone is left ; and another drop of the liquid is then to be added, 
and a second evaporation permitted, the process being repeated, if 
necessary, until enough glycerin is left to fill the cell, which is 
then to be covered and closed in the usual inode.^ 

Canada balsam is one of the most universally employed mounting 
media ; very old hard balsam should be dissolved in enough pure 
xylol or chloroform to make a thin solution, which should be care- 
fully filtered. 

Dammar , — Dissolve gum-dammar with heiit in a mixture of 
equal parts of benzole and turpentine, and evaporate to a syrupy 
consistency. This is pleasant to use, but trefichei-ous. Dammar 
dissolved in pure xylol in the cold gives a beautiful solution, but 
on the score of permanency is not so trustworthy as balsam. 

Gam Styrax, — This is a resin which must be dissolved in benzole, 
chloroform, or ether. It should have the consistency of olive oil ; 
all the benzole must be evaporated before putting the cover on the 
slip; its refractive index is said to be then 1‘583. Its value is in 
the mounting of diatoms, where a marked difference between the 
refractive index of the siliceous frustules and the medium in which 
they are mounted facilitates the discovery of obscui’e details. There is 
a marked increase of visibility in proportion as the mounting medium 
has a refi'active index higher than the object (diatom) mounted. 

Now the refractive index of the silex of diatoms is 1*43. But 
Canada balsam is 1*52: hence the ^ index of visibility’ in obscure 
markings is 9, while styrax by comparison is 15. 

Monobromide of najyhthalin is another of the media which 
may be used with a. high i*cfi*active index. It is colourless and oil- 
like, soluble in alcohol and ether. It has a refractive index of 
1*658, and therefore a splendid index of visibility above balsam or 
styrax ; but after a lapse of many months some change takes place 
which leaves the preparation as apparently perfect as before, but 
having lost all the benefit of great refractive index. 

The cover-glass should be run round with a ring of wax, then 
with a ring of Heller’s })orcelain cement, and be finally closed with 
shellac. 

But with the exception of some media of very high refractive 
index not by any means easy to use, devised by Professor H. L. 
Smith, there is no medium of such high value as that suggested and 
very successfully employed by Mi*. J. W. Stephenson, viz. 

Phosphorus . — Its refractive index is 2*1, and its consequent 
increase of visibility is of immense value in some objects. 

Phosphorus, it need hardly be said, is difiicult and somewhat 
dangerous to handle on account of its spontaneous combustion in 
ail*, and the severe nature of the burns it inflicts. But it is with 
slight pi*actice by no means an unmanageable medium. 

To prepare it, take a 2 -drachm bottle with no contraction for the 

^ See the Rev. W. W. Spicer’s Handy-hook to the Collection and Preparation 
of Freshwater and Marine Algce, dc., pp. 57-69. ‘ Nothing,’ says Mr. Spicer, ‘ can 

exceed the beauty of the preparations of Desviidiacece prepared after Herr Hilntsch’s 
method, the form of the plant and the colouring of the endochrome having under- 
gone no change whatever.’ 
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neck. Make a cylinder of wood that will just fit the inside of the 
neck. Fold some filter paper down and ai*ound this cylinder so thjit 
it will just fit tightly into the neck of the bottle, to the bottom of 
which it is forced, and the cylinder of wood withdrawn, leaving the 
filter in its place. Now moisten the filter carefully with a few drops 
of bisulphide of carbon, and a piece of stick phosphorus from a 
quarter to three-eighths of an inch long should be placed in the filter, 
and the bottle corked. The vapour of the bisulphide instantly acts 
on the phosphorvis, and in about half an hour it will be in a fluid 
state i*emaining in the filter. By releasing the cork and taking 
hold of the filter tube with a pair of pliers and slowly drawing it 
upwards a partial vacuum is formed beneath it, and the pressure of 
the air on the surface of the fluid jfliosphorus forces it through the 
filter, leaving the now brilliant fluid in the bottle. 

With care, rapidity, and firmness withdraw the filter and plunge 
instantly into a vessel of water close at hand. 

In mounting we assume that the best course as advised above 
has been adopted, and that the diatoms to be mounted ai'c either 
arranged or diffused \ipon the cover-glass. 

Make a ring u])on the slip of glue and honey cement used 
warm and allowed to cool. It is now a stifi' jelly. Lay the cover 
in its place, with the diatoms downwards, touching the ring at one 
side, but raised by a fine wire on the side next the operator. A 
pipette may also be used made of glass tubing an eighth of an inch in 
external diameter, drawn to a fine point at one end, and somewhat 
enlarged at the other, and to which an indiarubber cap or nipple is 
fastened airtight. This pipette must be passed through the centre 
of a cork fitting the bottle of phosphorus solution, and the fine end 
should plunge into the fluid and nearly touch the bottom of the bottle. 
By squeezing the rubber cap befoi*e the insertion of the pipette and 
releasing it aftei- the point is well down, a small quantity of phos- 
phorus rises in the pipette. It is withdrawn and inserted rapidly 
beneath the tilted end of the cover ; the slightest pressui*e on the 
cap ejects enough phosphorus to fill the space between the cover 
and the slide ; gently and firmly press it down and ring it witli warm 
glue and honey. 

In half an hour points of superfluous phosphoius may have 
exuded. With a pair of tweezers wet a piece of blotting- papei* with 
bisulphide and absorb these away, plunging the paper at once into 
water. The slides should now be put aside for a day or two, then 
they may receive two or three ring-coatings of gold-size, and finally 
be finished with sealing-wax or shellac vai nish. 

It often is quite impossible to predicate befoi*ehand what presei’va- 
tive medium will answer best for a particular kind of preparation ; 
and it is consequently desiiable, where there is no lack of material, 
to mount similar objects in two or three difterent ways, marking on 
each slide the method employed, and comparing the specimens from 
time to time, so as to judge the condition of each. 

Importance of Cleanliness. — The success of the result of any of 
the foregoing operations is greatly detracted from if, in consequence 
of the adhesion of foreign substances to the glasses whereon the 
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objects are mounted, or to the implements used in the manipulations, 
any extraneous particles are brought into view with the object itself. 
Some such will occasionally present themselves, even under careful 
management ; especially fibres of silk, wool, cotton, or linen, from 
the handkerchiefs, &c., with which the glass slides may have been 
wiped ; fibres of the blotting-paper employed to absorb superfluous 
fluid ; and grains of starch, which often remain obstinately adherent 
to the thin glass covers kept in it. llut a careless and uncleanly 
manipulator will allow his objects to contract many other impurities 
than these ; and especially to be contaminated by particles of dust 
floating through the air, the access of which may be readily prevented 
by proper precautions. It is desirable to have at hand a well-closed 
cupboard furnished with shelves, or a cabinet of well-fitted drawers, 
or a number of bell-ghisses upon a flat table, for the purpose of 
securing glasses, objects, &c., from this contamination in the inteiwals 
of the work of preparation ; and the more readily accessible these 
receptacles are, the more use will the microscopist be likely to make 
of them. Gi eat care ought, of course, to be taken that the media 
employed for mounting should be freed by effectual filtration from all 
floating particles, and that they should be kept in well-closed bottles. 

Labelling and Keeping Mounted Objects. — The object of labels 
on mounted objects is of course to give clear and instant indication 
of the nature of the mount. But we must, if 0111* cabinets have any- 
thing like scientific pretensions, not only know what the object may 
be, but some (perhaps many) other particulars about it. In fact, a 
thoroughly scientific cabinet must not rely on the labels on the 
mounts for all the information which it is desirable and even 
essential to ha ve concei ning them. One of the desiderata of every 
label should be the presence of a number, and this number should be 
at once placed in a book, arranged in columns to suit the requirements 
of the student, and most of the details should be placed in this book 
in association with the number. 

For this to be of permanent service, however, the label on which 
the number is placed should be as permanent and immovable as the 
slip itself. We know of cabinets in which only numbers are 
marked on slides, and all details are recoi'ded in " the book.’ We 
do not advise this ; but all who keep cabinets know how in the course 
of years paper labels become displaced and lost, and in many 
instances the value of slides is greatly diminished. 

What is wanted is a ji^n'mauently fixed label, capable of receiving 
the chief points of character as well as the name and number of an 
object. 

The present Editor has found the following plan to be hitherto, 
after twenty-three years’ trial, quite faultless. 

Let the slips which ai-e to be used for mounting have the two 
ends of the upper surface finely gi*ound ; at one end the ground 
surface may be three quarters of an inch, and at the other end half 
an inch. On the ground surface we can write with a hard pencil as 
clearly and sharply as with a fine pen on cardboard. 

On the broader ground surface let the principal facts as to the 
nature of the object be written and the number of the slide with a 
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Faber pencil marked H H H H. On the nairower and opposite 
ground surface should be written what the object is mounted in, 
how stained, or whence obtained, the date of mounting, c^c. 

Xow when all this is written take thin covei*s, cut respectively 
1 X I inch and 1 X ^ inch, and by means of benzol balsam, applied 
with or without heat, the ground surfaces should have these thin 
glasses put on over the writing and the entire ground surhices ; the 
result of course will be that the transparency of what was a ground 
and opaque surface will be wholly restored, and the writing will be 
deal* and inefhiceable. If the bottom of the trays of the cabinets be 
whitened it will render still moi*e easy the instant reading of the 
contents of the label. 

The grinding of the slips is by no means difficult, and could not 
be costly if there arose a demand for them. 

It is easy, howevei*, to do all that is required. A block of wood 
to receive the slide in an excavation of its own shape and size, and a 
piece of wood half an inch thick, of the exact length (1^- indi) 
of the space betw^een the labels, enables a lead ‘buffi’ to be freely 
used with fine emery and the work is speedily done. Of (course the 
finer the emery the finer the surfixce ; and the finer the surface the 
more delicate the writing may be made. The label may in fact be 
as ornate and elegant as we please. Nor need we be confined to an 
oblong shape. Oval or round spaces could be ground on the slips 
and thin covei’s of corresponding size could be accordingly used. 
This method gives a, little more troubk' and is slightly mor(‘ 
expensive, but in elegance and above all in durability we believe it 
has no equal. 

For the preservation of objects, the pasteboard boxes now made 
at a very reasonable cost, with wooden racks, to contain six, twelve, 
or twenty-four slides, will be found extremely useful. For the 
management of a large collection the following has proved itself to 
be thoi-oughly practical, and cj^n be universally employed. The 
species, genus, and character of the slides may be disregarded. Place 
the slides in the cabinet just as they come, numbering each consecu- 
tively. The exterior of cabinets should show from what numbei* to 
what number the cabinet contains : thus, 527 to 842. The porcelain 
slab on the draimr may indicate from what number to what number 
the drawer contains : thus, 527 to 539. Now a number of note- 
books should be procured, so that there may be a separate notebook 
foi* each subject ; the size of the notebook must be regulated to the 
importance of the special department the collector has taken up. 
Thus a diatomist would have })robably a thick ledger for his diatom 
collection, whereas an entomologist would have a thin notebook for 
his diatoms and a thick ledger for his insects, and so on. The note- 
books might be distinguished from one another by a letter of the 
alphabet. 

In the event of a second notebook being required for the same 
subject 01 * class of objects, it might be identified by doubling the 
letter — thus, D D. Now a large index notebook will be required in 
which one line is given to each slide. This notebook contains 
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merely the number of the slide and the letter and page of the special 
notebook wherein all about the slide will be found. Thus : — 

‘649, F 127.’ 

This means that in notebook F on page 127 we shall find an 
account of slide No, 649. 

On turning to notebook F we find (say) that the subject is 
geology. The following will be a facsimile of the page : — 

Slide No. 649 127 

Section of porphyry from Peterhead, Aug. 1886. — The quartz 
crystals in this section have minute cavities containing a liquid, COo. 
In each cavity there is a bubble ; some of these bubbles are ex- 
tremely minute, and exhibit rapid Brownian movement. A good 
example of which is — 

No. 2 (referring to a second microscope when used), 46-51. 

A large bubble with no Brownian movement. 

No. 2 (microscope), 44-47. 

Section too thick for oil immersion. 

Best seen dry ^ *95 N.A. deep eye-piece; condenser aperture 

•6 N.A. 

At the back of each notebook there is an alphabetical index. 
In this instance if we look up ‘ Porphyry’ we shall find 127, and if 
we look up ‘ Quartz (cavities in) ’ w^c shall find 127, and if we look up 
‘ Carbonic acid (in quartz)’ we shall find 127, and if we look up ‘ Bubbles 
(in quartz)’ we shall find 127. 

By this means the collector can find a slide if he know the 
subject, and also the subject if he have the slide. 

This is the only scientific method we know of dealing with a 
mici’oscopical collection ; it is one of the greatest practical mistakes 
to make the cabinet its own index. It always ends in supreme 
confusion. But for the purposes of the man of science a large 
cabinet made with a view to the reception of his own slides is far 
preferable. The majority of slides are 3x1 inches ; but all are not — 
some geological and mineralogicjil sections, sections of coal, &c., are 
often much larger. Many objects, again, are in deeper cells than 
the ordinary cabinet drawer or slide-box will admit of ; all this may 
be provided for, and if money be not a special object, a design with 
two or three special and smaller cabinets may be made foi* the 
reception of special series of mounts.^ 

Collection of Objects. 

A large proportion of the objects with which the microscopist 
is concerned is derived from the minute pai*ts of those larger 
organisms, whether vegetable or animal, the collection of which does 
not require any other methods than those pursued by the ordinary 
naturalist. With regard to such, therefore, no special directions 
are required. But there are several most interesting and impoi’tant 
groups, both of plants and animals, which are themselves, on account 

1 It will be understood that there are many forms of cabinet which space prevents 
our describing ; they are made suitable for the pocket, for postal transmission, <fec., 
and may be readily seen at the opticians’. 
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of their minuteness, essentially micro 8 C 02 nc ; and the collection of 
these requires peculiar methods and implements, which are, however, 
very simple, the chief element of success lying in the knowledge where 
to look and tohat to look for. In the present place, general direc- 
tions only will be given ; the particular details relating to the several 
groups being reserved for the account to be hei*eafter given of each. 

Of the microscopic organisms in question, those whidi inhabit 
fresh water must be sought for in pools, ditches, or streams, through 
which some of them freely move, whilst others attach themselves 
to the stems and leaves of aquatic plants, or even to pieces of stick 
or decaying leaves, Ac., that may be floating on the surface or sub- 
merged beneatli it ; while others, again, are to be sought for in the 
raiKldy sediments at the bottom. Of those which have the power of 
free motion, some keep near tlie surfice, whilst others swim in the 
deeper waters ; but the situation of many depends entirely upon the 
light, sinc*e they rise to the suiTace in sunshine, and subside again 
afterwards. The collector will therefore re(jiiire a means of obtaining 
samples of water at different depths, and of drawing to himself 
portions of the larger bodies to which the microscopic organisms may 
be attached. For these purposes nothing is so convenient as the jiond* 
stick, which is made in two lengths, one of tliem sliding within the 
other, so as when closed to serve as a, walking-stick. Into the 
extremity of this may be fitted, by means of a screw socket, (1) a 
cutting-hook or curved knife, for bringing up portions of larger 
plants in order to obtain the minute foi*ms of vegetable or animal 
life that may be parasitic upon them ; (2) a broad collai*, with a 
screw in its interior, into which is fittecl one of the screw-toppe<l 
bottles made by the York Glass Company ; (3) a ring or hoop for a 
muslin ring-net. When the bottle is used for collecting at the sur- 
face, it should be moved sideways with its mouth partly below the 
water ; but if it be desired to bring up a sample of the liquid from 
below, or to draw into the bottle any bodies that may be loosely 
attached to the submerged plants, the bottle is to be plunged into 
the water with its mouth downwards, carried into the situation in 
which it is desired that it should be filled, and then suddenly turned 
with its mouth upwards. By unscrewing the bottle from the collar, 
and screwing on its cover, the contents may be securely preserved. 
The net should be a bag of fine muslin, which may be simply sewn 
to a ring of stout wii-e. But it is desirable for many purposes that 
the muslin should be made removable ; and this may be provided 
for by the substitution of a wooden hoop, grooved on its outside, for 
the wire ring; the muslin being strained upon it by a ring of 
vulcanised indiarubber, which lies in the groove, and which may be 
readily slipped off and ()n, so as to allow a fresh piece of muslin to be 
put in the place of that which has been last used. At the end of the 
muslin bag is tied a small rimmed tube-bottle of thin clear glass 
three inches long by one inch in diameter. In this, objects can be 
fairly seen. The collector should also be furnished with a number 
of bottles, into which he may transfer the samples thus obtained, 
and none are so convenient as the screw-topped bottles made in all 
sizes by the York Glass Company. It is well that the bottles should 
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be fitted into cases, to avoid the risk of breakage. When animalcules 
are being collected, the bottles should not be above two-thirds 
filled, so that adequate air-space may be left. Whilst engaged in 
the search for microscopic objects, it is desirable for the collector to 
possess a means of at once recognising the forms which he may 
gather, where this is possible, in order that he may decide whether the 
‘ gathering ’ is or is not worth preserving ; and for this purpose we know 
of nothing better, unless a small travelling microscope be required, than 
a couple of Steinheil loups, magnifying six and ten diameters. 

Mr. J. D. Hardy suggests what we have found of great use, viz. 
ajiat bottle^ as a very valuable piece of apparatus foi* collecting.^ It is 
made by cutting a U -shaped piece out of a flat and solid })iece of india- 
rubber, about 6 inches long by 2| inches broad, and \ inch thick ; 
against each side is cemented (by means of Miller’s caoutchouc 
cement) a piece of good thin plate-glass, and tlie bottle is complete. 
A small [)ortion cut fi*om the innei* piece makes a natui*ally fitting 
cork. One or two more, and smallei*, bottles can be made with the 
remaining indiarubber. It is essential that the material should be 
at least | inch thick in order to make a wide bottle, and allow pond- 
weeds to be put inside without difficulty and pressure. A flat bottle is 
made by Mr. Stanley, London Bridge, which we have good reason to 
write favourably of. It is ground on its oiitei* surfaces, and internal 
iri‘egularities almost wholly disappear when filled with water ; an 
objective fium 3 inches to inch may be well employed with it. 

Even with the best ordinary imind dipping bottles it is very 
difficult to see minute animals clearly, whilst with this flat bottle 
one can see at a glance almost everything the di]) contains, and 
every object can be examined with the pocket lens with ease. 

For collecting purposes the objects sought in pond or stream are 
divisible into free-swimming, and attached or fixed to water-plants, &c. 

The free-swimming are to be secured with the net, the bottle 
attached to which should be examined after each sweep of the net ; 
and the flat bottle may be also filled for examination. The mud at 
the bottom of the pond must not be stirred by the net, since of 
course it obscures the objects. 

The infusoria, rotifera, &c., are best found with the flat bottle. 
Collect a lot of the ‘ weeds ’ growing in pond or stream, and place 
these in the bottle ; then, Mr. Rousselet says : ‘ The tree-like colo- 
nies of V^orticelloe ; Epistylis, Zobthamium, and Carchesium, the 
ti’umpet-shaped Stentors, the crown Rotifer Stephanoceros, the 
tubes of Melicerta, Lymnias, the various Polyzoa, also Hydra, 
and many more, can at once be seen with the naked eye, when 
present, and in this way the good branches can be selected. Some 
creatuies, however, such as the beautiful floscules, cannot be seen 
easily, even with the lens, not so much on account of their small 
size, as of the perfect transparency of their bodies. Experience 
will soon teach one how to see which branches are likely to prove 
prolific. As a general rule, old-looking but still sound and gi*een 
branches will be the best. The Water Milfoil (Myriophyllum) is 
decidedly the best of water plants to examine and collect, on account 
* Q,M, Joum, ser. ii» vol. ii. p. 56. 
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of the ease with which its leaves can subsequently be placed under the 
microscope. Anacharis is much more difficult of manipulation, and 
I mostly only take it now to aerate my aquaria. 

‘ In placing a weed in the fiat bottle, do not put in more than one 
branch at a time, otherwise the branches will only obscure each other 
and render examination more difficult. 

‘ AVhen searching for Polyzoa, such as Lophopiis, Plumatella, 
Fredericella, it is advisable to examine the rootlets of trees growing 
at the edge of the water, and also to drag up weeds from the middle 
of the pond or canal by means of a loaded hook and line. 

‘ A good collection thus made is ti*ansferred to small aquai ia 6 to 
8 inches high, 5 to 6 inches long, and 1 to 1 ^ inch wide ; these we 
have used for at least ten years and can attest their gi*eat value in 
making the best possible use of a good day’s collecting, and studying 
in the most intelligent way the objects collected. 

‘ Rotifers can generally be kept a week or a foi’tnight, some 
species much longer ; their lives, as well as those of Polyzoa, can be 
prolonged by feeding them about twice daily with a green soup 
nmde by crushing some anacharis, or other green weed, in a small 
mortar in a little water, which is then filtered through muslin. 
They can be seen to feed on this under the microscope, their tiny 
stomachs soon becoming filled with little balls of chlorophyll. 

‘Under favourable conditions Melicerta, Stephanoceros, the Flos- 
cules, and also Asplanchna, and other forms, breed and multiply in 
the aquarium, and can then be preserved for a considerable time. 
A little mud taken from a pond in winter or eaily s})ring, and 
put in a tank at home, will often produce an unexpected numbei* 
and variety of rotifers and infusoria, which are hatched from 
winter eggs and dormant germs. ’ * 

There must of course be a balance in every tank between the 
animal and vegetable life, or aeration must be artificially maintained. 
So also food must be obtainable by the organisms, however small. 
But experience alone is the perfect teacher in this matter. 

The same general method is to be followed in the collection of 
such marine forms of vegetable and animal life as inhabit the 
neighbourhood of the shore, and can be reached by the pond-stick. 
But there ai‘e many which need to be brought up from the bottom 
by means of the dredge^ and many others which swim freely 
through the waters of the ocean, and are only to be captured by the 
tow -net. As the former is part of the ordinary equipment of evei*y 
marine naturalist, whether he concern himself with the microscope 
or not, the mode of using it need not be here descilbed ; but the 
use of the latter for the purposes of the microscopist requii'es 
special management. The net should be of fine muslin, firmly sewn 
to a ring of strong wire about ten or twelve inches in diameter. 
This may be either fastened by a pair of strings to the stern of a 
boat, so as to tow behind it, or it may be fixed to a, stick so held in 
the hand as to project from the side of the boat. In either caKse the 
net should be taken in from time to time, and held up to allow the 

' * On some Methods of Collecting and Keeping Pond Life for the Microscope,’ 
from the Trans. Middlesex J^at. Hist, Soc. ’ 
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water it contains to cli*ain through it ; and should then be turned 
inside out and moved about in a bucket of water carried in the 
boat, so that any minute organisms adhering to it may be washed 
off before it is again immersed. It is by this simple method that 
marine animalcules^ the living forms of Hadiolaria^ the smaller 
Medusokls (with their allies Beroe and Cydijype)^ Xoctilnca, the 
fi*ee -swimming larvfe of Echinodermata, some of the most curious 
of the Tunicata, the larva? of Mollusca, Tm'hellaria^ and Annelida^ 
some curious adult forms of these classes, Entomostraca, and the 
lai vje of highei* Crustacea^ are obtained by the naturalist ; and 
tl\e great increase in our knowledge of these forms which has been 
gained within recent years is mainly due to the assiduous use 
wliich has been made of it by qualified observers. It is important 
to bear in mind that, for the collection of all the more delicnte of 
the organisms just named (such, for instance, as echinoderm larvce)^ 
it is essential that the boat should be rowe<l so slowly that the net 
may move (jently through the water, so as to avoid crushing its soft 
contents against its sides. Those of firmei* structure (such as the 
Etitoniostraca)^ on the other hand, may be obtained by the use of a 
tow-net attached to the stern of a sailing-vessel, or even of a 
steamer, in much more rapid motion.^ When this method is 
employed, it will be found advantageous to make the net of conical 
form, an(1 to attach to its deepest part .a wide-mouthed bottle, 
which may be prevented from sinking too deeply by suspending it 
from a cork float ; into this bottle many of the minute animals 
caught by the net will be cfirried by the curi*ent pi*oduced by the 
motion of the vessel through the water, and they will be thus 
removed from liability to injiny It will also be useful to attach to 
the ring an inner net, the crme of which, moi (^ obtuse than that of 
the outer, is cut oft’ at some little distance fi’om the apex ; this 
serves as a kind of valve, to prevent objects once caught from being 
washed out again. The net is to be drawn in from time to time, 
and the bottle to be thrust up through the hole in the inner cone ; 
and its contents being transferred to a screw-capped bottle for 
examination, the net may be again immersed. This form of net, 
how ever, is less suitable for the most <lelicate objects than the simple 
stick-net used in the manner just described. The microscopist on 
a visit to the seaside, who prefers a quiet rov^ in tranquil watei*s 
to the ti'ouble (and occasional imilaise?) of dredging, w ill find in the 
c'ollection of floating animals by the careful use of the stick-net 
or tow-net a never-ending source of interesting o(‘cupation. 

' In the Challenger Expedition tow-nets were almost constantly kept in use, 
not only at the surface, but at various depths beneath it, being attaclied to a line 
which was made to hang vertically in the water by the attachment of heavy weights 
at its extremity. The collections thus made showed the enormous amount of minute 
animal life pervading the upper waters of the ocean. 


M M 
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CHAPTER VJIJ 

MICBOSCOPIC FORMS OF VFGETABLE LIFE-THALLOPHYTES 

Those who desire to make tlieinselves familial- with microscopic 
appearances, and to acquire dexterity in microscopic manipulation, 
cannot do better than educate themselves for more difficult inquiries 
by the study of those humblest types of vegetation which present 
organic structure under its most elementary aspe(!t. And such as 
desire to search out the nature and conditions of living action will 
find in the study of its simplest manifestations the best clue to the 
analysis of those intricate and diversifieil combinations under which 
it presents itself in the highest animal organisms. For it has now 
been put beyond question that the fundamental phenomena of life 
are identical in plants and in animals, and that the living substance 
which exhibits them is of a nature essentially the same throughout 
both kingdoms. The determination of this general fact, which forms 
the basis of the science of Biology, is tin* most important result of 
modern microscopic inquiry ; and the illusti-ation of it will be kept 
constantly in view in the exposition now to be given of the chief 
appliaitions of the microscope to the study of those minute proto- 
phyte8 (or simplest forms of plant-life) with whose foi-m a-iid structure, 
and with whose very existence in many cases, we can only acquaint 
ourselves by its aid. 

It was formerly siq)posed that Ikying action (^ould only be 
exhibited by oo'yaniseA structure. But we now know that all the 
essential functions of life maybe carried on ])y minute ‘jelly-specks,’ 
in whose apparently homogeneous semi-fluid substance nothing like 
‘ organisation ’ can be detected ; and, fui-thei*, that even in the very 
highest organisms, which present us with the greatest variety of 
‘ differentiated ’ structures, the essential part of the life-work is clone 
by the same material — these structures merely furnishing the 
mechanism (so to speak) through which its wonderful properties 
exert themselves. Hence this substance,^ known in vegetable 
physiology as protoplasm., but often refei-red to by zoologists as 

1 Attention was drawn in 1835 by Dujardin (the French zoologist to whom we owe 
the transfer of the Foraitimifera from the highest to the lowest place among inverte- 
brate animals) to the fact that the bodies of some of the lowest members of the 
animal kingdom consist of a structureless, semi-fluid, contractile substance, to which 
he gave the name sarcode (rudimentary flesh). In 1851 the eminent botanist Von 
Mohl showed that a similar substance forms the essential constituent of the cells of 
plants, and termed it protoplasm (primitive plastic or organi sable material). And in 
1868 it was pointed out by Prof. Max Schultze, who had made a special study of the 
rhizopod group, that the ‘ sarcode ’ of animals and the ‘ protoplasm ’ of plants are 
identical. See his memoir IJeber das Protoplasma der liliuopoden und Pflanzen- 
zellen. 
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mrcode^ lias been appropriately designated by Professor Huxley ‘ the 
physical basis of life/ In its typical state (such as it presents 
among rhizopods) it is a semi-lluid, tenacious, glairy substance, 
resembling — alike in aspect and in composition — the alhu'tmn (or 
uncoagulated ‘ white ’) of an unboiled egg. But it is fundamentally 
distinguished from that oi* any other form of dead matter by two 
attributes, which (as being peculiar to living substances) are desig- 
nated vital'. (1) its power of increase, by assimilathaj (that is, con- 
verting into the likeness of itself, and endowing with its own pro- 
perties) nutrient material obtained from without ; (2) its power of 
spontaneous movement, which shows itself in an extraordinary variety 
of actions, sometimes slow and progressive, sometimes rapid, some- 
times wave-like and continuous, and sometimes rhythmical with 
regular intervals of rest. When examined under a sufficiently high 
magnitying power, multitudes of minute granules are usually seen to 
be difiiised through it, which have been termed ^ microsomes.’ 
Protoplasm, whethei* living or dead, has a great power of absorbing 
water; but the distinction between these two states is singularly 
marked by its behaviour in regard to any colouring matter which the 
water may contain. Thus, if living protoplasm be treated with a 
solution of cai’mine, it will remain unstained so long as it retains 
its vitality. But if the protoplasm be dead, the carmine will at once 
pervade its whole substance, and stain it thi'oughout with a colour 
even more iiitense than that of the solution ; thus furnishing (as 
was first pointed out by Dr. Beale) a ready means of distinguishing 
the ‘germinal matter,^ or protoplasmic component of the tissues of 
higlu'r animals, from the • foi-med material ’ which is the most con- 
spicuous ])art of tlieir structure. 

All tliose minute and simple forms of life with wdiich the micro- 
scope brings us into ac(piaintance consist essentially of particles of 
protoplasm, (‘ach kind having usually a tolerably ilefinite size and 
shape, and showing (at least in some stage of its existence) some- 
thing distinctive in its habit of life. And it is rather according to 
the manner in which they respectively live, grow, and multiply, 
than on account of a-iiy structural })eculiarities, that they are assigned 
to the \egetable or to the animal kingdom respectively. It is 
impossible, in the jwesent state of our knowledge, to lay down any 
definite line of demarcation betAveen the twa) kingdoms ; since there 
is no single character by which the animal or vegetable natui*e of 
any organism can be tested. Probably the one which is most 
generally applicable among those that most closely appi oximate to 
one another is not, Jis formerly sup})osed, the presence or absence of 
spontaneous motion, but, on the one hand, the dependence of the 
organism for nutriment upon organic compounds alreadjj formed 
which it takes (in some w^ay or other) into the interior of its body, 
or, on the other, its possession of the power of jvroducing the organic 
compounds which it applies to the increase of its fabric, at the 
expense of the inorganic elements with which it is supplied by air 
and water. The ft^rmer, though jierhaps not an absolute, is a general 
characteristic of the animal kingdom ; the latter, but for the exist- 
ence of which animal life would be impossible, is certainly the 

>r M 2 
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p^'ominent attiibute of the veijeiahle. We shall find that the 
(or simplest animals) are supported as exclusively eithei* upon 
other protozoa or upon protophytes, as are the highest animals upon 
the flesh of othei* animals or upon the products of the vegetable 
kingdom ; whilst many protophytes, in common with the highest 
plants, draw their nourishment from the atmosphere or the water in 
which they live, and, like them, are distinguished by their power of 
decomposing carbonic acid (CO 2 ) under the influence of light — 
setting fi*ee its oxygen, and combining its carbon with tlie elements 
of water to foim the carbohy<lrates (starch, cellulose, Ac.), and with 
those of atmospheric ammonia, to form nitrogenous (albuminoid) 
compounds. And we shall find, moi-€‘over, that even such 
as have iieitlier stomacli nor mouth receive their alimentary matter 
direct into the very substance of their bodies, in wliich it under- 
goes a kind of digestion ; whilst protophytes absorh through thei^’ 
external surface only, and take in no .solid particles of any descri]>- 
tion. With regard to vtotion^ which was formerly considered tlie 
distinctive attribute of animality, we now know, not merely that 
many proto])hytes (peiha.ps all, at some perio<l or other of their lives) 
pos.sess a power of s[)ontaneous movement, but also that the instrU' 
meiits of motion (when these can be discovered) are of the very same 
character in the plant as in the animal, being little hair-like fila- 
ments, termed cilia (from the Ljitin word cUinm, an eyelash), or 
longer whip-like fayella^ by whose rhythmical vibrations the body 
of which they form part is propelled in definite directions. The 
peculiar contractility of these organs seems to be an intensification 
of that of the general protoplasmic substance, of which they are 
sj^ecial extensions. 

Thei'e are certain plants, however, which resemble animals in 
their dependence upon organic^ compounds prepared by other 
organisms, being them.selves unable to effect that fixation of carbon 
by the decomposition of tlie CO.j of the atmosphere, which is the 
fir.st stage in their production. Such is the case, among 
(flowering plants), Avith the leafless ‘ parasites ’ which draw their 
support from the ti.ss lies of their ‘ ho.sts.’ And it is the ca.se also, 
among the lower a^yptoyams, with the entire group of Fungi ; 
which, liowever, in a large number of cases, depend rather for their 
nutritive materials upon organic matter in a state of decom 2 )osition, 
many of them having the power of promoting that process by their 
zymotic (fermentative) action. Among animals, again, there aie 
several in whose tissues are found organic com})Ounds, such as chloro- 
phyll, starch, and cellulo.se, which are characteristically vegetable ; 
but it has not yet been proved that th(‘y yenerate these compounds 
for themselves liy the de(*omposition of CO.j. 

The plan of organi.sa.tion recognisable throughout the vegetable 
kingdom })resents this i‘emarka,ble feature of uniformity, that the 
fabric, alike in the highe.st a,nd most comidicated plants and in the 
lowest and simplest forms of vegetation, consists of nothing else 
than an aggregation of the bodies termed cells, every one of which 
(.save in the forms that lie near the border-ground between animal 
and vegetable life) has its little particle of jjrotoplasm enclosed by a 
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casing of the substance termed ce/ZtiZose — anon-nitrogenous substance 
identical in chemical composition with starch. The entii'e mass of 
cells of which any vegebible organism is composed has been gene- 
rated from one ancestral cell by processes of multiplication to be 
presently described ; and the difference between the fabrics of tlie 
lowest and of the highest plants essentially consists in tliis, tliat whilst 
the cells produced by the repeated multiplication of the ancestral 
cell of the protophyte are all mere repetitions of it and of one an- 
other each living htj and for itself, those produced by the like multi- 
plication of the ancestral cell in the oak oi* palm not only remain in 
mutual connection, but go through a progressive ‘ differentiation,’ 
the ordinary type of the cell undergoing various modifications to be 
described in theii- proper place. A composite structure is thus 
developed, which is made up of a number of distinct ‘ oi'gans’ (stem, 
leaves, roots, fiowers, ifec,), each of them characterised by specialities 
not merely of external form, but of internal structui'e ; and each 
performing actions peculiar to itself, which contribute to the life 
of the plant as a nftole. Hence, as was first definitely stated by 
Schleiden, it is in the life-history of the hulividiial cell that we 
find the true basis of the study of vegetable life in general. 

We have now to consider in more detail the stru(;ture and life- 
history of the typical plant-cell, and vshall begin by treating of the 
cell-wall. This cell-wall is composed, as long as the cell is in a 
living state, chiefiy of the substance known as cellalose^ one of the 
group of compounds called ‘ carbohydrates,’ and bearing the definite 
chemical composition From a. physical point of view it 

consists of particles oi* micelUe of cellulose surrounded by watei*. 
In addition to cellulose, recent observations have shown that pectic 
substances (mtei* largely into the composition of the wall of the 
living cell, especially in its early stages. In fungi it is doubtful 
whether there is any true cellulose in the cell-walls. With regard 
to the mode of growth of the cell-wall, two hypotheses have been 
proposed : one, that it is foi-med by apposition.^ that is, by the 
(constant addition of fresh layers to the inner surface of the cell-wall ; 
the other that it increases by intussusception^ or the intercalation of 
fresh particles of cellulose between those already in existence. The 
results of modern researches tend in the direction of the former 
being the more usual pi-ocess ; but it is probable that the two co- 
operate in producing the total growth of the cell-wall. 

The contents of the plant-cell, which may be collectively termed 
the endoplasm (answering to the ‘ endosarc ’ of i*hizopods), or, when 
strongly coloured throughout (as in many (dym), the endochrome, 
consist in the first phice of an outer layer of protoplasmic substance 
called the ectoplasm, primm'd/ial utricle, or parietal utricle. This is an 
extremely thin and delicate layer, so that it escapes attention so long 
as it remains in contact with the cell-wall ; and it is only brought 
into view when separated from this, either by ilevelopmental changes 
(fig. 415), or by the influence of reagents which cause it to con- 
tract by drawing forth part of its contents (fig. 413, C). It is not 
sharply defined on its internal face, but passes gradually into the 
inner mass of protoplasm, from which it is chiefly distinguishable by 
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the absence of gi*anules ; and it is shown by the efiects of reagents to 
have the allnmiinoKs composition of protoplasm. It may thus be 
regarded as the slightly condensed extermd film of the })rotoplasmic 
layer with wliich the innei* surface of the cell -wall is in contact ; and 
it essentially corresponds to the ‘ectosarc’of or any other 

rhizopod. The ‘ ectoplasm’ and ‘cellulose wall’ can be readily dis- 
tinguished from each other by chemical tests, and also by the action 
of carmine, which stains the proto})lasmic substance (when dead) 
without affecting the cellulose wall. The further contents of the cell 
consist of a watery fluid called cell sap, which holds in solution sugar, 
vegetable acids, saline matters, ttc. ; the peculiar body teianed the 
nucleus ; and chlorophyll corpuscles (enclosing starch granules), 
oil particles, Ac. In the young state of the cell the whole cavity 
is occupied by the proto})l.aMnic substance, which is, liowever, viscid 
and granidar near tlie cell-wall, but more watery towards the interior. 
With the enlargement of the cell and the imbibition of water, clear 
s})aces tei-med xmcnoles, filled with watery cell-sjip, are seen in the 
protoplasmic substance ; and these progressively inci*ease in size and 
number, until they come to occupy a considerable portion of the 
cavity, the protoplasm stretching across it as an irregular network 
of bands. Each of the vacuoles is enclosed in a very delicate con- 
tractile membi'ane, the tonoplast. When, as usually happens, the 
nucleus lies imbedded in the outer protoplasmit^ layer, these bands 
are gradually withdrawn into it, so that the se})arate vacuoles unit(' 
into one large general vacuole which is filled witli watery cell-sa]>. 
But where the nucleus is situated nearer to the centi*(‘ of the cell, 
part of the protoplasm collects around it, and bands or threads of 
protoplasm stretch thence to various parts of the parietal layer. It 
is by the contractility of the protoplasmic layer that the curious 
‘ cyclosis ' hereafter to be describe<l is carried on within the plant- 
cell, which is the most interesting to the microscopist of all its 
manifestations of vital activity. The nucleus is a small body, 
usually of lenticular or subglobose form (fig. 41 M, A, a), and of 
albuminous composition, that lies imbedded in ])rotoplasmic sub- 
stance, either close to the cell-wall or nearer the centre of the 
cavity. Cells containing a number of nuclei, or ‘ multiu uclcated cells,'' 
are not uncommon. They occur, for example, in many alga^, in the 
‘ suspensor ’ and ‘ embryo-sac ’ of the ovule of phanerogams, and in 
the ‘ laticiferous ’ tubes. Within the nucleus are often seen one or 
more small distinct particles termed nucleoli (fig. 413, A, h), which 
can be best distiiiguished b}- the strong coloration they receive from 
a twenty-four hours’ immersion in carmine, and subsequent washing 
in water slightly acidulated with acetic acid. Though in some points 
the precise function of the nucleus is still unknown, there can be no 
doubt of its essential relation to the vital activity of the cell, at least 
in all the higher plants, although in the cells of some of the lower 
cryptogams it has not at present been distinguished with certainty 
at any stage of their existence. In the nucleated cells which 
exhibit ‘ cyclosis,’ it may be observed that if the nucleus remains 
attached to the cell -wall, it constitutes a centre from which the 
protoplasmic streams diverge, and to which they return ; whilst if 
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it retains its freedom to wander about, the course of the streams 
alters in conformity with its position. But it is in the multiplication 
of cells by binary subdivision, which will be presently described, that 
the speciality of the nucleus Jis the centre of the vital activity of the 
cell is most strongly manifested. The chlorophyll corpuscles^ which 
are limited to the cells of the parts of plants acted on by light, are 
specialised particles of protoplasm through which a green colouring 
matter is diffused ; and it is by them that the work of decomposing 
OO 2 , and of ‘ fixing ’ its carbon by union with the oxygen and hydrogen 
of water into starch, is effected. Thp chaiacteristic green of 
chlorophyll often gives place to other colours, which seem to be pro- 
duced from it by chemical action. Starch grains are always formed 
in the first instance in the interior of the chlorophyll corpuscles and 
gradually increase in size until they take the places of the corpuscles 
that produced them. So long as they continue to grow, they are 
always imbedded in the protoplasm of the cell ; and it is only when 
fully formed that they lie free within its cavity. 

But although tliese comjjonent parts may be made out without 
any difficulty in a large proportion of vegetable cells, yet they cannot 
be distinguished in some of those humble organisms which are 
nearest to the border-line between the two kingdoms. For in them 
we find the ‘ cell-wall ’ very imperfectly diftei'entiated from the ‘ cell- 
contents ; ’ the former not having by any means the firmness of a 
pei’fect membrane, and the latter not possessing the liquidity which 
elsewhere characterises them. And in some instances the cell is 
represented only by a mass of endoplasm, so viscid as to retain its 
external form without any limiting membrane, though the superficial 
layer seems to have a firmer consistence than the interior substances ; 
and this may oi* may not be suri*ounded by a gelatinous-looking 
envelope, which is equally far from possessing a membranous firmness, 
and yet is tlui oidy re})resentative of the cellulose wall. This viscid 
endoplasm consists, as elsewhei*e, of a colourless protoplasm, through 
which minute colouring particles may be diffused, sometimes uni- 
formly, sometimes in local aggregations, leaving parts of the proto- 
plasm uncoloui'ed. The superficial layer in particular is frequently 
destitute of colour ; and the pai'tial solidification of its surface gives 
it the character of an ‘ectoplasm.^ Such individualised masses of 
protoplasm, destitute of a true cell -wall, have sometimes been 
termed ‘ primordial cells.’ It is an extremely curious feature in 
the cell-life of certain protophytes that they not only move like 
animalcules by cilia or fiagella, but that they exhibit the rhythmically 
contracting vacuoles which are specially characteristic of 2 ^'otozoic 
organisms. 

So far as we yet know, every vegetable cell derives its existence 
from a pre-existing cell ; and this derivation may take place (in the 
ordinary process of growth and extension, as distinguished from 
‘sexual multiplication’) in one of two modes: either (1) hinarry 
s'lthdivision of the parent-cell, or (2) free-cell formation within the 
parent -cell. The first stage of the former process consists in the 
elongation and transverse constriction of the nucleus ; and this con- 
striction becomes deeper and deeper, until the nucleus divides itself 
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into two linlve.s (fig. 413, B, a, a'). These then separating from 
each other, th(‘ endoplasm of the parent-cell collects round the two 
new centres, so as to divide itself into two distinct masses (C, a, a ') ; 
and by the iin estment of these two secondary ‘ endoplasms ’ with 
cellulose -waits ;i complete pair of new cells (D, a, a') is formed 
witliin the cavity of the parent-cell. The process of free-cell forma- 
tion is always connected, directly or indirectly, with a process of 
reproduction ivither than of growth, and takes two different forms, 
the one occurring in tlu‘ })ro(luction of the ‘ zoiispores ’ or ‘ swarm- 
spores ’ of algte, the other in the formation of pollen-grains, or of 

mL Bl v i | up into numerous segments 

^ corresponding with one 

\ from the parent - cavity, 

Jj j M \ |V 1-^ W becomes an independent 

wK i ff' without any investing 

vl|l|pHn^^ cell-wall of cellulose, hence 

® j a < primordial cell,’ en- 

® D dowed with a, power of 

,r\. 'll ‘ rapid motion by means of 

i' S i flagella. In the 

second case the endoplasm 
]|^ '' ^ groups itself, more or less 

V completely, round several 

Fio. 438. -B„u.r,; subdivision of cells in cnclo- ?entres, each of which ha.K 
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Fio. 418. —Binarij subdivision of cells in endo- 
sperm of seed of scarlet-runner : A, ordinary 
cell, with nucleus u, and nucleolus b^ imbedded 
in its protoplasm ; B, cell showing subdivision 
of nucleus into two halves, a and a' \ C, cell in 
same stage, showing contraction of endoplasm 
(produced by addition of water) into two sepa- 
rate masses round the two segments of original 
nucleus ; D, two complete cells within mother- 
cell, divided by a partition. 


endoplasm, each proceeding to complete itself as a cell by the 
formation of a limiting wall of cellullose (fig 414). As a ‘new 
generation ’ in any f)lianerogamic plant has its origin in the 
fei*tilisation of a highly specialised ‘ germ-cell ’ (contained within 
the ovule) by the contents of a ‘sperm-cell’ (the pollen-grain), 
so do we find, among all sa\p the lowest cryptogams, a provision 
for the union of tlu^ contents of two highly special! s(m 1 cells, 
the ‘germ-cells’ being fertilised by the access of motih^ proto- 
plasmic hodi(‘s (antherozoids), set free from the cavities of the 
‘sperm-cells’ within which they were developed. But although 
the sexual process can he trueiMl downwards under this form into 
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the group of thallophytes, we find among the lower types of that 
group a yet simpler mode of bringing it about ; for thert‘ is stiong 
reason to regard tlie act of ‘ conjugation ^ which takes plact' in 
tlie Conjugatie and in some fungi in the same light, and to look 
upon the ‘ zygospore,’ ^ which is its immediate product, as tlu‘ 
originator (like the fei’tilised embryo-cell of the phanerogamic seed) 
of a ‘ new generation.’ 

Great attention 
lias recently been 
j)aid by Strasburgei* 
a.nd others to the con- 
stitution of the endo- 
and to the 
processes connected 
with cell-division. On 
both these subjects it 
is impossible here to 
give more than the 
barest outlines. Stras- 
burger distinguishes 
between the following 
differentiated parts of 
the protoplasm of the 
living cell : — The 
protoplasm outside the 
nucleus lie terms the 
cytoplmm ; the portion which constitutes the nucleus is the 
mideojylasm; that which enters into the eom[)osition of tlie 
chlorophyll corpuscles and other allied substances is tlie chromatn- 
plasin. Each of these three portions of protoplasm is composed of a 
hyaline matrix or liyaloplami and of imbedded granular structui*(‘s 
or m/icroso7ms. A distinct substance, known as nuckm^ absent from 
the cytoplasm, appears to enter into the composition of tlie nucleus. 
The various substances imbedded in the cytoplasm ari^ known under 
the general name oi plastids. Tf colourless, they are and 

1 The term ‘ spore ’ has been long used by cryptogamists to designate the minute 
rejjroductive particles (such as those set free from the ‘ fructification ’ of ferns, mosses, 
&c.) which were supposed — in the absence of all knowledge of their sexual relations 
to be the equivalents of the seeds of flowering plants. But it is now known that such 
* spores ’ have (so to speak) very dilTerent values in different cases, being, in by far tin* 
larger proiiortion of cryptogams, but the remote descendants of the fertilised cell which 
is the immediate product of the sexual act under any of its forms. This cell, which 
will be distinguished throughout the present treatise as the oosjjhere, is the real repre- 
sentative of the ‘ germinal cell ’ of the ‘ embryo ’ developed within the seed of the 
flowering jjlant. On the other hand, the various kinds of non-sexual spores emitted 
by cryptogams, which have received a great variety of designations, are all to be 
regarded (as will be presently explained) as equivalents of the letif-hiids of flower- 
ing plants. 

[The different interpretations placed upon the term ‘ spore ’ and its derivatives by 
different writers on cryptogamic botany present a great difficulty to the student. A 
different terminology for the one followed here is now employed by some of the best 
authorities; but, in order to avoid the great alteration in the use of terms which 
would ’ otherwise be necessary, it has been thought best, in the present edition, to 
retain Dr. Carpenter’s terminology, at all events until a greater agreement has been 
arrived at than is at present the cas§. - Ed.] 



Fkj. 414. — Successive stages of free-cell formation 
in embryo-sac of seed of scarlet-runner; rx, a, r/, 
completed cells, each having its x^roper cell-wall, 
nucleus, and endoidasm, lying in a protoplasmic 
mass, through which are dispersed nuclei and cells 
in various stages of development. 
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these are the special seat of the formation of the starch grains. If 
coloured they are chromoplasts or chromatophores^ the origin of the 
various ctdouilng matters of the cell ; those which give birth to the 
chlorophyll coi puscles being distinguished by the special term chloro- 
plasts. Minute bodies termed physocles^ endowed with an amoeboid 
motion, have been observed within the protoplasm filaments. In 
some of the lower plants, at present exclusively in the green alga‘, 
there are found within the chlorophyll corpuscles homogeneous 
})roteid substances known as pyrenokls ; they are often surrounded 
by starch grains. 

The division of the nucleus may take place either directly, when 
the process is known as or indirectly, when it is known 

as mitosis or karyoJchiesis (see fig. 415). In the procc^ss of indirect 
division, the protoplasm of which the nucleus is composed undergoes 
a great variety of changes, in the course of which it assumes the 
beautiful appearance known as the tniclear spindle, consisting of an 
equatorial disc, the nuclear plate, and delicate spindle fibres which 
converge towards the twf) poles of the spindle. Apparently con- 
nected with the process of cell-division are the peculiar bodies 
known as ceidrospheres, directimf spheres, or attractiny sjdi^res, corre- 
sponding to similai* bodies found in animal cells, but at present 
detectecl only in the lower forms of vegetable life. They form two 
small homogeneous s[)lieres lying near the nucleus, one on each side 
of it, and imbedded in the cytoplasm. Each centrosphere has in its 
centre a body termed the centrosome, composed of one or more small 
granules. To follow out all the })rocesses of karyokinesis requires 
very high magnifying powers of the microscope, great skill in mani- 
pulation, and the use of very delicate staining reagents. 

The older conception of the vegetable cell l egarded it as a com- 
pletely closed vesicle, the endoplasm of which is entirely shut off* 
from contact with that of the adjacent cells. Recent observations 
require the modification of this conception. It has been shown that 
in many cases the cell- wall is perforated by very minute orific*es, 
through which excessively fine strings of protoplasm pass from one 
cell-cavity to another (fig. 41 G). This continuity of protoplasm has 
been observed in some seaweeds and other algte, in the endosperm 
of the ovule, in the pulvinus or motile organ of the leaves of the 
sensitive plant, and in many other instances, and is legarded by 
some authorities as probably a universal phenomenon in living cells. 
In the case of the sensitive plant it is undoubtedly connected with 
the remarkable phenomenon of sensitiveness or irritability displayed 
by the leaves. 

In the knvest forms of vegetation every single cell is not only 
capable of living in a state of isolation from the rest, but even 
normally does so ; and thus the plant may be said to be 'unicellular, 
every cell having an independent ‘ individuality.’ There are others, 
again, in which amorphous masses are made up by the aggregation 
of cells, which, though quite capable of living independently, remain 
attached to each other by the mutual fusion (so to speak) of their 
gelatinous investments ; and there are others, moreover, in which a 
definite adhesion exists between the cells, and in which regular 
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plant-like structures are thus formed, notwithstanding that every 
cell is but a repetition of every other, and is capable of living inde- 
pendently if detached, so as still to answer to the designation of a 
‘ unicellular ’ or single-celled plant. These different conditions we 
shall find to arise out of the mode in which each pirticular species 
multiplies by binary subdivision ; for where the cells of the new pair 
that is produced by division of the previous cell undergo a complete 
separation from one another, they will henceforth live indepen- 



Fio. 415.— Division of the polleii-mother-cells of FnfiUarw persica. (From Stras- 
burger and HiliUouse’s ‘Practical Botany,’ published by Sonnenschein.) 


dently ; but if, instead of undergoing this complete fission, they are 
held together by the intervening gelatinous envelope, a shapeless 
mass results from repeated subdivisions not taking place on any 
determinate plan ; and if, moreover, the binary subdivision always 
takes place in one direction only, along, narrow filament (fig. 424, D), 
or if in two directions only, a broad, flat, leaf-like expansion (G), 
may be generated. To such extended fabrics the term ‘ unicellular ' 
plants can scarcely be applied with propriety ; since they may be 
built up of many thousands or millions of distinct cells, which have 
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no disposition to separate from each other sponhineonsly. Still 
they cori*espond with those which are strictly unicellular, as to the 
absence of differentiation^ either in structure or in function, between 
their component cells, each one of these being a repetition of the 
rest, and no relation of mutual dependence existing among them ; 
and all such simple organisms, therefore, may still be included 
under the general term of Thallophytes. 

Excluding lichens^ for the reasons to be stated hei*eafter, botanists 
now rank these thallophytes under two series : — algce, which form 
cdilorophyll, and can suppoi-t themselves upon aii-, water, and mineial 
matters; and/«m^i, which, not forming chlorophyll for themselves, 
<lepend for their nutriment upon materials drawn from other organ- 
isms. Each series contains a very large variety of forms, which, 
when traced from below upwards, present gradually inci*easing com- 
plexities of structui-e ; 
and these gradations 
show themselves esj)e- 
cially in the provisions 
made for the genera- 
tive process. Thus, in 
some foinis, a, ‘ zygo- 
spore ’ is produced by 
the fusion of the con- 
tents of two cells, 
which neither present 
any apparent sexual 
difference the one 
from the other, noi* 
can be distinguished 
in any way from the 
lest. In the next 
highest forms, while 
the ‘conjugating’ cells 
are still apparently 
undifierentiated fi-om 
the rest of the structure, a sexual difference shows itself between 
them ; the contents of one cell (male) passing over into the cavity 
of the other (female), within which the ‘zygospore’ is formed. 
The next stage in the ascent is the resolution of the contents 
of the male cell into motile bodies (‘ antherozoids ’), which, escaping 
from it, move freely through the water, and find their way t(^ 
the female cell, whose contents, fertilised by coalescence with the 
material they bring, form an ‘ oospore.’ In the lower forms of this 
stage, again, the genei*ative cells are not distinguishable from the 
rest until the contents begin to show their characteristically sexual 
aspect; but in the higher they are developed in special organs, 
constituting a true ‘ fructification.’ This must, however, be dis- 
tinguished from organs which, though commoidy spoken of as the 
‘ fructification,’ have no real analogy with the generative apparatus 
of flowering plants, their function being merely to give origin to 



Fig. 416. — Continuity of protoplasm. (From Vines’s 
‘ Physiology of Plants.’ Cambridge University Press.) 
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gonidial ^ cells or groups of cells, which simply multiphj the parent 
stock, in the same manner that many flowering plants (such as the 
potato) can be propagated by the artificial separation of their leaf- 
buds. It frequently happens among cryptogams that this gonldial 
fructification is by far the more conspicuous, the sexual fructifica- 
tion being often so obscure that it cannot be detected without 
great difficulty ; and we shall presently see that there are some 
thallophytes in which the production of gooiids seems to go on 
indefinitely, no form of sexual generation having been detected 
in them. These general statements will now be illustrated by 
sketches of the life-history of some of those humble thallophytes 
which present the phenomena of cell-division, conjugation, and 



Fi(.. 417. — Development of FalmogUva niaryovocca. 


goiiidial multiplication, under their simplest and most instructive 
aspect. 

The first of thes(‘ lowly forms of life to which we call the 
attention of the readei* is Falmoglata macrococca^ Ktz.,‘^ one of 
those humble kinds of vegetation whicdi spread themselves as gi-een 
slime over damp stones, w\alls, <kc. When this slime is examined 
with the microscope, it is found to consist of a multitude of green 
cells (fig. 417, A), each surrounded by a gelatinous envelope ; the cell, 
which does not seem to have any distinct membranous wall, is filled 
with a granular ‘ endochrome,^ consisting of green particles dififused 
through colourless protoplasm ; and in the midst of this a nucleus 

• The term gonidn^ originally applied to certain green cells in the lichen-crusts 
that are cajiable, when detached, of reproducing the vegetable portion of the plant, 
is used by some writers as a designation of the noii-sexual spores of cryptogams 
generally, vvliich it is very important to discriminate from the genitative ‘ ohspheres.' 
If possessed of viotile powers, they are spoken of as • zoiispores,’ or sometimes (on 
account of the ajipearance they present when a number are set free at once) as 
‘ Hwarm-spores.’ In contradistinction to motile ’ gonids or ‘ zo<>spores,’ those which 
show no movement are often termed rest nig sjjores, or hijp nospores \ but such may 
be either sexual oospheres or iion-sexual gonids, the latter, like the former, often 
‘ encysting’ themselves in a firm envelope, and then remaining donnant for long periods 
of time. 

- [Most of the species of Kiitzing’s genus are now regarded as belong- 

ing to the iJesmuharcce, and are included under the genus Mesotccniuni. — En.J 
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may sometimes be distinguished, and can always be brought into 
view by tincture of iodine, which turns the ‘ endochrome ’ to a 
brownish hue, and makes the nucleus (G) dark brown. Other cells 
are seen (B), which are considerably elongated, some of them 
beginning to present a sort of hour glass contraction across the 
middle ; and when cells in this condition are treated with tincture 
of iodine, the nucleus is seen to be undergoing the like elongation 
and constriction (H). A more advanced state of tlie process of 
subdivision is seen at 0, in which the constriction lias pi*oceeded to the 
extent of completely cutting off the two halves of the cell, as well as of 
the nucleus (1), from each other, though they still remain in mutual 
contact ; in a yet latei* stage they are found detached from each 
other (D), though still include<l within the same gelatinous envelope. 
Each new cell then begins to secr(‘te its own gelatinous envelo})e, so 
that by its intervention the two are usually soon separated from 
each other (E). Sometimes, however, this is not the case, the 
process of subdivision being quickly repeated before there is time for 
the production of the gelatinous envelope, so that a series of cells 
(F) hanging on one to another is produced. There appears to be no 
definite limit to this kind of multiplication, and extensive areas 
may be quickly covered, in circumstances fxvourable to the growth 
of the plant, by the products of the binary subdivision of one 
original cell. This, as already shown, is really an act of (jrotrth, 
which continues indefinitely so long as moisture is abundant and 
the temperature low. But umler the influence of heat an<l dryness 
the process of cell -multiplication gives place to that of ^conjugation,’ 
in which two cells, apparently similar in all respects, fuse together 
for the production of a ‘ zygospore,’ which (like the seed of a 
flowering plant) can endure being reduced to a quiescent state for 
an unlimited time, and may be' so completely dried up as to seem 
like a particle of dust, yet resumes its vegetative activity wlienevei* 
placed in the conditions fxvourable to it. The conjugating process 
commences by the putting forth of protrusions from tlie boundaries 
of two adjacent cells, which meet, fuse together (thereby showing 
the want of firmness of their ‘ x^ctoplasms ’), and form a connecting 
bridge between their cavities (K). The fusion extends before long 
through a large part of the contiguous sides of the two cells (L) ; 
and at last becomes so complete that the combined mass (M) shows 
no trace of its double origin. Tt soon forms foi’ itself a firm (;ellulose 
envelope, which bursts when the ‘ zygospoi*e ’ is wetted ; and the 
contained cell begins life as a new yeweration^ speedily multiplying, 
like the former ones, by binary subdivision. It is curious to obsei ve 
that during this conjugating process a production of oil particles 
takes place in the cells ; these are at first small and distant, but 
gradually become larger and approximate more closely to each other, 
and at last coalesce so as to form oil-di*ops of various sizes, the green 
granular matter disappearing ; and the colour of the conjugated 
body changes, with the advance of this process, from green to a light 
yellowish brown. When the zygospore begins to vegetate, on the 
other hand, a converse change occurs; the oil-globules disappear, 
and green granular matter takes their place. 



STKUCTURE OF PROTOCOCCUS 


543 


If this (as seems probable) constitutes the entire life-cycle of 
Palmioglma, it affords no example of that curious ‘ motile ’ stage 
which is exhibited l:>y most algal protophytes in some stage of their 
existence, and which constitutes a large part of the life -history of 
the minute unicellular organism now to be described, Protococcus 
pluvialis, Ktz. (Chlmnydococcus jduvialis, A. Br.) (fig. 418), which 
is not uncommon in collections of rain-water. Not only has this 
protophyte, in its motile condition, been very commordy Regarded as 
an animalcule, but its different states have been described under 
several diffei-ent names. In the first place, the colour of its cells 
varies considerably ; since, although they are usually yree^t at the 
pei-iod of their most active life, they are sometimes red ; and their 
red form has received the distinguishing appellation of Ilceuiato- 



Fi{’r. 41s. — Development of Profococctis plu vuiUs. 


COCCUS. Very commonly the i*ed colouring matter forms only 
a central mass of greater or less size, having the appearance of 
a nucleus (as shown at E, fig. 418); and sometimes it is reduced 
to a single granular point, wliich has been descidbed by Professor 
Ehi’enberg as the eye-spot of these so-called animalcules. It is 
quite certain that the i*ed colouring substance is very nearly related 
in its chemical chai*actei* to tlie green, and that the one may be 
converted into the other, though the conditions under which this 
conversion takes place are not precisely known. In the ‘ still ’ form 
of the cell, with which we may commence the histoi*y of its life, the 
endoplasm consists of a colourless protoplasm, thi'ougli which red or 
gi^een coloured graiudes are more or less uniformly diffused ; and the 
surface of the colourless protoplasm is condensed into an ectoplasm, 
which is surrounded by a tolerably firm cell- wall, consisting of cellulose 
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or of some modification of it. Outside this (as shown at A), when 
the ‘ still ’ cell is formed by a change in the condition of a cell that 
has been previously ‘ motile/ we find another envelope, which seems 
to be of the same nature, but which is separated by the interposition 
of aqueous fluid ; this, however, may be altogether wanting. The 
multiplication of the ‘ still ’ cells by subdivision takes place as in 
Palmogloea^ the endoplasm first undergoing separation into two 
halves (as seen at B), and each of these halves subsequently developing 
a cellulose envelope around itself, and undergoing the same division 
in its turn. Thus two, four, eight, or sixteen new cells are succes- 
sively produced ; and these are sometimes set free by the complete 
dissolution of the envelope of the original cell ; but they ai*e more 
commonly held together by its transformation into a gelatinous 
investment, in which tliey remain imbedded. Sometimes the endo- 
plasm subdivides at once into four segments (as at 1 )), of which every 
one forthwith acquires the character of an independent cell ; but 
this, although an ordinary method of multiplication among the ‘ mo- 
tile ’ cells, is comparatively rare in the ‘ still ’ condition. Sometimes, 
again, the endoplasm of the ‘ still ’ form subdivides at once into 
eight portions, which, being of small size, and endowed with motile 
power, may be considered as zoospo7*es. As far as the complete life- 
history of Protococcm is at present known, some of these zodspoi'es 
retain their motile powders, and develop themselves into the ordinary 
‘ motile ’ cells ; othei*s pi-oduce a firm cellulose envelope and become 
‘ still ’ cells ; and others (perhaps the majority) perish without any 
further change* 

When the ordinary division of the ‘still’ cells into two segments 
has been repeated four times, so as to produce sixteen cells — and 
sometimes at an earlier period — the new cells thus junduced assume 
the ‘motile’ condition, being liberated before the development of the 
cellulose envelope, and becoming furnished with twa) long vibi'atile 
flagella which seem to be extensions (>f the colourless protoplasm 
layer that accumulates at their base so as to form a sort of trans- 
parent beak (II). In this condition it seems obvious that the colour- 
less protoplasm is more developed relatively to the colouring matter 
than it is in the ‘still’ cells; and it usually contains ‘vacuoles’ 
occupied only by clear a(pieous fluid, which are sometimes so 
nximerous as to take in a large pai-t of the cavity of the cell, so that 
the coloured contents seem only like a, deposit on its walls. Before 
long this ‘motile’ cell acquires a pecidiar saccular investment, which 
seems to correspond with the cellulose envelope of the ‘ still ’ cells, 
but is not so firm in its consistence (I, K, L) ; and between this and 
the surface of the ectoplasm a considerable space intei venes, tra- 
versed by thread-like extensions of the latter, which are rendered 
more distinct by iodine, and can be made to retract by means of 
reagents. The flagella pass through the cellulose enveloj^e, which 
invests their bxise with a sort of sheath, and in the portion that is 
within this sheath no movement is seen. During the tictive life of 
the ‘ motile ’ cell the vibration of these flagella is so rapid that they 
(;an be recognised only by the currents they produce in the watei‘ 
through w hich the cadis are quickly propelled ; but when the mention 
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t)ecomes slacker the flagella themselves are readily distinguishable, 
and they may be made more obvious by the addition of iodine, which, 
however, it should be noted, always kills the plant. 

The multiplication of these ‘ motile ’ cells may take place in 
v^arious modes, giving rise to a great variety of appearances. Some- 
times they undergo a, rc^gular binary subdivision (B), whereby a pair 
of motile cells is produced (C), each resembling its single predecessor 
in possessing the cellulose investment, the transparent beak, and the 
vibratile flagella, before th(^ dissolution of the original investment. 
Sometimes, again, the (*ontents of the original cell undergo a seg- 
mentation in the first instance into four divisions (D) ; which may 
either become isolated by the <lissolution of their envelope, and may 
se{)arate from each other in the condition of ‘free primordial cells’ 
(H), developing their cellulose investments at a future time, or 
may acrpiire their cellulose investments (as in the preceding case) 
before the solution of that of the original cell ; while sometimes, 
ev en aft(*r the disa})pea ranee of this, and the formation of their own 
iiuh^pendent investments, they remain attached to each other at their 
beaked extremities, the primordial cells being connected with each 
other by peduncular prolongations, and the whole compound body 
ha ving the form of a +. This quaternary segmentation appears to 
be a more frequent mode of multiplication among the ‘motile’ cells 
than the subdivision into two, although, as we have seen, it is less 
common in the ‘still ’ condition. So also a primary segmentation of 
the entire endochi'ome of the ‘ motile ’ cells into eight, sixteen, or even 
thirty-two parts, may take place (E, F), thus giving rise to as many 
minute gonidial cells. These, when set free, and possessing active 
powers of movement, are true zoospores (G) ; they may either develop 
a loose ceOlulose investment or cyst, so as to attain the full dimensions 
of the ordinary motile (^ells (I, K), or they may become clothed with 
a dense envelope and lose their flagella, thus passing into the ‘still’ 
condition (A); and this last transformation may even take place 
before they are st^t free from the envelope within which they were 
pi-oduced, so that they constitute a mulberry-like mass, which fills 
the whole cavity of the original cell, and is kept in motion by its 
flagella 

To what extent Protococcus is ah autonomous organism is still 
doubtful, but it appears to be moi-e or less closely connected with 
many forms of life which have been described, not merely as dis- 
tinct species, but as distinct genera of animalcules or of protophytes, 
such as Chlamydojnonas, Euglena, TracJieloinonds, Gyges, Gonium, 
Paiulorina, Botryocystis, Uvella, Syncrypta, Monas, Astasia, Bodo, and 
many others. Certain forms, such as the ‘ motile ’ cells I, K, L, 
appear in a given infusion, at first exclusively and then principally ; 
they gi’adiudly diminish, become more and more rare, and finally 
disappear altogether, being replaced by the ‘still’ form. After 
some time the number of the ‘ motile ’ cells again increases, and 
reaches, as before, an extraordinary amount ; and this alternation 
may be repeated several times in the course of a few weeks. The 
process of segmentation is often accomplished with great rapidity* 
If a number of ‘ motile ’ cells be transferred from a larger glass into a 

•NT V 
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smaller, it will be found, afbei- the lapse of a few hours, that most of 
them have subsided to the bottom ; in the coui‘se of the day they 
will all be observed to be upon the })oint of subdivision ; on the 
following morning the divisional brood will have become quite free ; 
and on the next the bottom of tiie vessel will be found coa ered with 
a new bi-ood of dividing cells, which again })roceed to tlie forma- 
tion of a new brood, and so on. The ‘activity of motion and the 
activity of multiplication seem to stand, in some degree, in a relation 
of reciprocity to each other ; for the dividing process takes place 
with greater rapidity in the ‘ still ’ cells than it does in the ‘ motile.’ 

Wlait are the precise conditions which determine the transition 
between the ^ still’ and the ^motile’ states cannot yet be ])recisely 
defiimd, but the influences of certain agencies can l)e })i‘edicted with 
tolerable certainty. Thus it is only necessary to pour the watei- 
containing these oi*ganisms from a smaller and deeper into a larger 
and shallower vessel in order at once to determim^ segmentation in 
numerous cells — a phenomenon which is observable also in many othei* 
proto phytes. The ‘motile’ cells seem to be favourably aliected by 
light, for they collect themselves at the surface of the water and at 
the edges of the vessel, but when they are about to undergo segmen- 
tation or to pass into the ‘ still ’ condition, they sink to the bottom 
of the vessel, or retreat to that part of it in which they are least 
subjected to light. When kept in the dark the ‘ motile ’ cells undergo 
a great diminution of their chlo)‘o])hyll, which becomes very ])a.le, 
and is <liffused, instead of forming definite granules ; they continue 
their movement, however, uninterruptedly without either sinking 
to the bottom, or passing into the ‘still ’ form, or undeigoing seg- 
mentation. A moderate warmth, particularly that of the vernal sun, 
is favourable to the development of the ‘ motile ’ cells ; but a tempe- 
rature of excessive elevation })re vents it. llajad evaporation of the 
water in which the ‘ motile ’ forms may be contained kills them at 
once ; but a more gradual loss, such as takes place in deep glass(\s, 
causes them merely to pass into the ‘ still ’ form ; and in this condi- 
tion — especially when they have assumed a red hiu' - they may be 
completely dried up, and may remain in a state of dormant vitality 
for many years. It is in this state that they are wafted about in 
atmospheric currents, and that, being brought down by I’ain into 
pools, cisterns, t!i:c., they may present themselves where none had 
been previously known to exist ; and there under favourable circum- 
stances they may undergo a very rapid multiidication, and may 
maintain themselves until the water is dried up, or some othei* 
change occurs which is incompatible with the continuance of theii* 
vital activity. They then very commonly become red throughout, 
the red colouring substance extending itself from the centre towards 
the circumference, and assuming an appearance like that of oil- 
drops ; and these red cells, acquiring thick cell-walls and a mucous 
envelope, float in flocculent aggregations on the surface of the water. 
This state seems to correspond with the ‘ resting-spores ’ of othei* 
protophytes ; and it may continue until warmth, air, and moisture 
cause the development of the red cells into the ordinary ‘ still ’ cells, 
green matter being gradually produced, until the red substance forms 
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only the central part of the endoclironie. After tills the (^ycle of 
changes occurs which has been already described ; and the plant 
may pass through a long series of these before it returns to the state 
of the red thick- walled cell, in which it may again remain dormant 
for an unlimited period. Even this cycle, however, cannot be 
regarded as completing tlu^ history of Protococcus, since it does not 
include the performance of any true generative act. There can be 
little doubt that, in some stage of its existence, a ‘ conjugation ’ of 
two cells occurs, as in Palm,o(jl<x,a ; and the attention of observers 
should be directed to its discovery, as well as to the detection of 
otluT varieties in the condition of this interesting little plant, which 
will probably be found to present themselves before and after the 
performance of that act.^ 

The Cyanophycese or Phycochromacese constitute another group 
of lowly foi'iiis of vegetable life, distinguislied by their blue-green 
colour, differing from the Protococcaceai in not containing true 
chlorophyll grains, the cell-sap being, on the other hand, coloured by 
a soluble blue-green pigment known as ‘ phycocyanin.’ They live 
either isolated, oi* a. number congregated together and enclosed in a 
more or less dense colouidess jelly. They multi[)ly by binai*y 
division, and do not in any case }>roduce zoospores. To the lowest 
family of this grouj), which strongly resemble the Protococcacete, 
except in the colour of the cells, the ChrodcocGacew^ belong the genera 
ChrodcoccAis, (HcBocapsa. Aphawjcapsa^ Merlsmopedia^ and many 
others, the life-history of whicli is but very imperfectly known. 

The OscillatorlacecH constitute a family of Oyanophyce^e of great 
interest to the mici'oscopist, on account both of the extreme sim- 
plicity of their structui'e and of the peculiar animal-like movements 
which they exhibit. They consist of fine, usually microscopic 
thi'cads, containing a blue-green endochrome, sometimes replaced by 
a red oi* violet, and occur singly or in thick strata in fresh running 
or more abundantly in stagnant water. The threads are unbranched 
and usually straight, and eithei* each separate thread or a number 
together are, in most of the genei'a, enclosed in a, gelatinous sheath. 
8ome illustrations of these are seen on Plate YII. The contents of 
the sheaths ai'c imperfectly divided into cells by transverse divi- 
sion ; small pieces of the threads, consisting of a few cells, ocoision- 
ally break off, round themselves off at both ends, move about with a 
slow undulating motion, and finally develop into new threads ; these 
portions are known as The most abundant genus, Oscil- 

latoria^ has been so named fi’om the peculiar oscillating or waving motion 
with which the threads are endowed. This consists of a creeping 
motion in the direction of the length of the thread, now backwards, 
now forwards, accompanied by a curvature of the thread and rotation 
round its own axis. The cause of this motion is still a matter of 

^ In the above sketch the Author has presented the facts described by Dr. Cohn 
under the relation which they seemed to him naturally to bear, but which differs from 
that in which they will be found in the original memoir ; and he is glad to be able 
to state, from personal communication with its able author, that Dr. Cohn’s later 
observations led him to adopt a view of the relationship of the.‘ still ’ and ‘ motile * 
forms which is in essential accordance with his own. 

N N 2 
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controversy. Professor Cohn ^ observed that the oscillating move- 
ments take place only when the thread is in contact with a solid 
substratum. Zukal ^ compares the motion of Spio*vlina to that of a, 
growing tendril, and asserts that it is intimately connected with the 
growth of the filament. Hansgirg,^ on the other hand, considers the 
twisting and nodding movements to be due, not to the growth of the 
tliread, but to osmotic changes in the cell-contents. He regards them 
as being of the s<ame nature as the movements of the sarcode in the 
})seudo[)odia of rhizopods and other protozoa. Bchnetzh'i* ^ describes 
the movements in Oscillatoiia as of six different kinds : ( 1 ) I’otation of 
the thread or of its segments round its axis ; (2) cree])ing or gliding 
over a solid substratum ; (3) a free-swimming movement in the water ; 
(4) rotation or flexion of the entire thread ; (5) sharp tremblings or 

concussions ; and (6) a mdiating arrange- 
ment of the eiitangled threads, ddie 
movements are greatly influenced by 
temperature and light, being much more 
active in warmth and sunshine than in 
cold and shade. There* are no zoospores 
produced, nor is any sexual mode of 
generation known, 'idle Bivulariacea^ 
and Scytoiiemacew (Pis. Yll and YTII) 
are exceedingly common oi'ganisms in 
stagnant water, resembling the Oscilla- 
toriaceje in their blue-green colour, and 
in their reproduction by means of 

‘ hormogones.’ 

Nearly allied to the preceding is the 
family of Nostocjicew, consisting of 

distinctly beaded filaments, which, in 
the most familiar genus, Nostoc, lie in 
firmly gelatinous envelopes of definite 
outline (fig. 419). The filaments are • 
Pi(i. 419.— Portion of gelatinous usually simple, though sometimes densely 
frond of Nostoc. interwoven, and are almost always curved 

or twisted, often taking a sjfiral direction. 
The masses of jelly in which they are imbedded are sometimes 

globular or nearly so, and sometimes extend in more or less 

regular branches; they frequently attain a very considerable 
size ; and as they occasionally present themseh es quite suddenly 
(especially in the latter part of autumn on damp garden -walks), 
they have received the name of ‘ fallen stai\s.’ They are not 
always so suddenly produced, however, as they appear to be ; for 
they shrink up into mere films in dry weather and expand again 
with the first shower. Other species are not unfrequent among wet 
moss or on the surfirce of damp rocks. Species of Aiiabcena and 
Aphanizonienon^ genera of Nostocacea), constitute a large portion of 

' Arch. Mikrosk. Anatomie^ 1867, p. 48. 

^ Oestei'i'eichische Bot. Zeitschr. 1880, p. 11. 

3 See Bot. Cemtralhlatt^ vol. xii. 1882, p. 861. 

^ Arch. Sci. Phya. ct Nat. 1885, p. 164. 
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the bluish-green scum which floats on the surface of stagnant water. 
Colonies of species of Nostoc and Anahcena are frequently endophytic 
within the cells of Marchantia and other Hepaticie, the prothallia of 
ferns, or other aquatic or moisture-loving plants, y^ostoc multiplies, 
like the Oscillatoriacese, by the subdivision of its filaments, portions 
of which escape from the gelatinous mass wherein they were 
imbedded, and move slowly through the water in the direction of their 
length. These are ‘ hormogones,’ similar to those of the Oscilla- 
toriacese. After a time they cease to move, and a new gelatinous 
envelope is formed around each piece, which then begins to increase 
in length by the transverse subdivision of its segments. By the 
repetition of this process a mass of new filaments is produced, the 
pai'ts of which are at first confused, but afterwards become more 
distinctly separated by the interposition (^f the gelatinous substance 
developed between tliem. Besides the ordinary cells of the beaded 
filaments, two other kinds are known, both larger than the ordinary 
cells, and called respectively heterocijsts and resting -spores. The 
function of the former is unknown ; the latter develop directly into 
new individuals by division in the transverse direction only, with- 
out any sexual process. 

liesembling the Protococeacete in the independence of their 
individual cells are the two groups Desmkliacete and Diatomacece,, 
forms of such special interest to the microscopist as to require 
separate treatment, and a detailed description of which will be found 
later on. The Desinidiaceoi constitute a group of the family 
Conjugatse, so called from their mode of reproduction hy conjugation^ 
a process best exemplified in the higher group, the Z ggneniaceoi,^ in 
which the cells produced by binary subdivision remain attached to 
each othei*, end to end, so as to form long unbranched filaments 
(fig. 420), whose length is continually being increased by a repetition 
of the same process, which may take place in any part of the filaments, 
and not at their ends alone. The plants of this group are not found 
so much in running streams as in waters that are perfectly still, such 
as those of ponds, of reservoirs, ditches, bogs, or marshy grounds ; 
and they are for the most part unattached, floating freely at or near 
the surfiice, especially when buoyed up by the bubbles of gas which 
are liberated from the midst of them under the influence of solar 
light and heat. In the early stage of their growth, whilst as yet the 
cells are undergoing multiplication by division, the endochrome is 
frequently diffused pretty uniformly through their cavities (fig. 420, 
A) ; but as they advance towards the stage of conjugation, it 
ordinarily arranges itself into regular spirals (B, Spirogyra), a couple 
of star-like discs in each cell {Zygnema)^ or a single plate running 
through it in an axile direction {Mesocarpus), The act of conjugation 
usually occurs between the cells of two distinct filaments that happen 
to lie in proximity to each other, and all the cells of each filament 
generally take part in it at once. The adjacent cells put forth little 
protuberances, which come into contact with each other, and then 
coalesce by the breaking down of the intervening partitions, so as to 
establish a free passjxge between the cavities of the conjugating cells. 
In some genera of this family (such as Mesocarpus) the conjugating 
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cells pour their eiidochromes into n ililatation of the passage that 
has been established between them ; and it is there that they com- 
mingle so as to form the zygospore. But in the various species of 
^jnrogyra (fig. 420, B), which are among the commonest and best 
known of Conjugatie, the endochi'ome of one cell passes over entirely 
into the cavity of the other ; and it is within the lattca* that the 
zygospore is formed (C), the two eiidochromes coalescing into a 
simple mass, around which a firm envelope gradually makes its 
appearance. Further, it may be generally observed that all the 
cells of one filament thus empty themselves, whilst all the cells of 
the other filament become the recipients. Here, therefore, we seem 
to have a foreshadowing of the sexual distinction of the generative 
cells into ^ sperm-cells ’ and ‘germ-cells,’ which we shall presently 
see in the filamentous Coitfervaceoi. Conjugation betwecui [ two 
adjacent cells of tlie same individual also occui‘S in some species. 




Fig. 420. —Various stages of the history of a Spiroyijra . A, tliree cells, ri, 6, c, of a 
young filament, of which h is undergoing division ; B, two filaments in the first 
stage of conjugation, showing the spiral disposition of their eiidochromes and the 
protuberances from the conjugating cells ; C, completion of the act of conjugation, 
the endochromes of the cells of the filament a having entirely passed over to those 
of filament 6, in which the zygospores are formed. 

Although the two conjugating filaments are nearly or quite morpho- 
logically alike, there must clearly be a j^^^y biological differentiation, 
since the conjugation takes place in one direction only. Where 
conjugation occurs between cells in the .same filament, this sexual 
difl[erentiation must be ascribed to the individual cells. Multipli- 
ation by zoospores does not take phme among the Conjugatse. 

From the composite motile forms of Protococcus the transition 
s easy to the group of VolvocineSB, an assemblage of minute plants 
if the greatest interest to the microscopist, on account both of the 
.nimalcule-like activity of their movements and of the great beauty 
and regularity of their forms. The most remarkable example of this 
group is the well-known Volvox globator (Plate VI), which is not 
uncommon in fresh- water pools, and which, attaining a diameter of 
about or even of an inch, may be seen with the naked eye 
when the drop containing it is held up to the light, swimming through 
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tlie water which it inhabits. Its onward motion is usually of a roll- 
ing kind ; but it sometimes glides smoothly along, without turning 
on its axis ; whilst sometimes, again, it rotates like a top, without 
changing its position. When examined with a sufficient magnifying 
power the Volvox is seen to consist of a hollow sphere, composed of 
a very pellucid material, which is studded at regular intervals with 
minute green sj)ots, and which is often (but not constantly) traversed 
by green thi*eads connecting these spots. From each of the spots 
procecnl two long flagella, so that the entire surface is beset with 
these lashing filaments, to whose combined action its movements 
iU’e due. Within the external sphere may generally be seen from 
two to twenty otlier globes, of a darker colour, and of varying sizes ; 
the smaller of these are attached to the innei- surface of the investing 
s[)here, and j)roject into its cavity ; but the larger lie freely within 
the cavity, and may often be obsei*ved to revolve by the agency of 
their own flagella. After a time the original sphere bursts, and the 
contained spherules swim forth and speedily develop themselves 
into the likeness of that within which they have been evolved, 
tlieir coloured particles, which are at first closely aggi-egated together, 
b(‘ing se})a rated from each otlier by the interposition of the t]*ans- 
parent pellicle. It was long supposed that Volvox is a single 
animal ; audit was fii*st shown to be a composite fabric, made up of a 
reped-ition of organisms in all respects similar to each other, by Pro- 
fessor Ehi'enberg, who, however, considered these organisms as 
monads, and described them as each possessing a mouth, several 
stomachs, and an eye ! Our present knowledge of their nature, 
however, lea\n\s little doubt of theii* vegetable character ; ^ and the 
})eculiarity of their history renders it desirable to describe it in some 
detail. 

Each of the so-called ‘ monads ’ (fig. 421 , Nos. 9, 1 1) is a somewhat 
flask-shaped plant-cell, about ^,/„^>tli of an inch in diameter, consist- 
ing, as in the previous instances, of green chlorophyll granules diffused 
through a colourless proto})lasm, constituting an endochrome (which 
C( nnmonly includes also a red spot — ‘ eye-spot ’ — of altered chlorophyll), 
and bounded by an ectoplasm formed of the condensed and colourless 
surface-layer of the protoplasmic mass. It is prolonged outwardly 
(or towards the circumference of the sphere) into a sort of colourless 
beak or proboscis, from which proceed two flagella (fig. 421, No. 11) ; 
and it is invested by a pellucid or hyaline envelope (No. 9, d) of 
considerable thickness, the borders of which are flattened against 
those of other similar envelopes (No. 5, c, c), but which does not appear 
to have the tenacity of a true membrane. It is impossible not to 
recognise the close similarity between the structure of this body 
and that of the motile encysted cell of Frotococeu^ pluvialis (fig. 
418, K). There is not, in fact, any perceptible difference between 
them, save that which arises from the regular aggregation, in Volvox, 

i Professor Stein, however, in liit. great work on the Infusoria {OrganUmus der 
Jvfusionsthiere, Abtheilung III., Leipzig, 1878), still ranks the Volvocinece among 
the flagellate animalcules, to which they undoubtedly show a remarkable parallelism 
in structure, the chief evidence of their vegetable nature lying in their physiological 
conformity to undoubted thallophytes. 
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of the cells which normally detach themselves from one another in 
Protococciis. The presence of cellulose in the hyaline substance is 
not indicated, in the ordinary condition of Volvox (jlohator^ by the 
iodine and sulphuric acid test, though the use of ‘ Schultz’s solution ’ 
gives to it a faint blue tinge ; thei-e can be no doubt of its existence, 
however, in the hyaline envelope of Yolxmv aureus. The flagella 
and endoplasm, as in the motile forms of Protococciis.! are tinged 
a deep brown by iodine, with the exce])tion of one oi* two starcli 
particles in each cell, which are turned blue ; and when the contents 
of the cell are liberated, bluish flocculi, apparently indicative of the 
presence of cellulose, are brought into view l)y the action of sulphuric 
acid and iodine. All these reac^tions are characteristically vegetable 
in their nature. When the cell is approaching matuiaty, its endo- 
plasm always exhibits one or more vacuoles (fig. 421 , Ko. 9, a^ a) of a 
spherical form, and usually about one-third of its own diameter ; 
and these vjicuoles (which are the so-called ‘ stomachs ’ of Ehrenberg) 
have been observed to undergo a very curious rhythmical (^onti*action 
and dilatation at intervals of about forty seconds ; the traction 
(which seems to amount to complete obliteration of the cavuty of the 
vacuole) taking place rapidly or suddenly, whilst the dilatation is slow 
and gradual. This curious action ceases, however, as the cell 
arrives at its full matui'ity ; ^ a condition which seems to be 
marked by the greater consolidation of the (‘ctoplasm, by the 
removal or transformation of some of the chlorophyll, and by the 
formation of the i*ed spot (^), which obviously consists, as in Proto- 
coccuSy of a j)eculiar modification of chlorophyll. 

Each cell normally communicates with the cells in nearest 
proximity with it by extensions of its own endochrome, vhich are 
sometimes single and sometimes double (fig, 421, No. />, b) ; and 
these connecting processes necessarily cross the lines of division 
between their respective hyaline investments. The thickness of these 
processes varies very considerably ; for sometimes they are broad 
bands, and in other cases mere threads ; whilst they are occasionally 
wanting altogether. This difference seems partly to dej^end upon the 
age of the individual, and partly upon the abundance of nuti-iment 
which it obtains ; for, as we shall presently see, the connection is 
most intimate at an early period, befoi’e the hyaline investments of 
the cells have increased so much as to se})arate the masses of endo 
chrome to a distance from one another (fig. 421 , Nos. 2, 3, 4) ; whilst 
in a mature individual, in which the separation has taken place to 
its full extent and the nutritive processes have become less active, the 
masses of endochrome vei y commonly assume an angular form, and 
the connecting processes are drawn out into threads (as seen in No. 5), 
or they retain their globular form, and the connecting processes 
altogether disappear. The influence of reagents, or the infiltration 
of water into the interior of the hyaline investment, will sometimes 
cause the connecting processes (jis in Protococciis) to be drawn back 

^ The existence of rhythmically contracting vacuoles in Volvox (though confirmed 
by the observations of Prof. Stein) is denied by Mr. Saville Kent {Manual of the 
Infusoria^ p. 47) ; but it may be fairly presumed that he has not looked for them at 
the stage of development at which their action was witnessed by Mr. Busk. 
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into the central mass of emlochrome ; and they will also retreat on 
the mere rupture of the hyaline investment. From these circum* 
stiinces it may be inferred that they are not enclosed in any definite 
membrane. On the other hand, the connecting threads are some- 
times seen as double lines, which seem like tubular prolongations of 
a consistent mem})rane, without any pmtopla.smic granules in their 





Fks. 421. — Structure of Volvox glohator% 


interior. It is obvious, then, that an examination of a considerable 
number of specimens, exhibiting various ])hases of conformation, is 
necessary-to demonstrate the nature of these communications ; but 
this may •• be j best made out by attending to the history of their 
development, which we shall now describe. 

The spherical body of the young Volvox (fig. 421, No. 1) is 
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composed of ati aggrfigatioii of .somewhat angular ina.sses of endrxdirome 
(b)j sepai Jited by the interpf)sitioii of hyaline substance ; and tlie 
whole seems to be enclosed in a distinctly membranous envelope, 
which is probably tlie distended hyaline investment of the original 
cell, within which, as will presently a[)pear, the entire aggregation 
originated. In the midst of the polygonal massi\s of endcjchrome, 
one mass {a), rath(‘r larger than the rest, is setui to pre.sent a 
circular form ; and this, as will pre.sently appear, is the originating 
cell of what is henMfter to become a, new sphere*. I’Ikj growing 
Volvox at first increa.st*s in sizi* not only by the interposition of new 
hyaliiK! substance between its component masses of eiidochrome. 
but also by an increase* in tlM*s(* masses th(*mselves (Xo. 2, (i)^ which 
come* into continuous connection with each otluu' by the* coah*scence 
of process<‘s (/>) w'hich th<‘y M*v<*rally put forth ; at the* same tiiiK* 
an incr(*Mse is observ'C'd in the* size of the globular <*(*11 (c), which is 
]>r(*liminaT'y t-o its binary subdivision. A more* advance‘d stage* of 
the* same de‘velopmental proe*<‘.ss is se‘e‘n in Ko. ‘1, in which the e*on- 
ne‘cting ])roce*ss(‘S (< 7 , (i) have so much incre^ase'd in size* as to (*stablisb 
a meest intimates union betwee*!! thei ma.sses of en<loe*hrome, although 
the* ine*re*as(* of the int(;rve*ning hyaline* substance* car]*ie*s the\se 
masse*s apart ft’orn one* ane>the*r; whdst the* enalocbrome* e)f the 
e*entral gle))>ular e*e*ll has undergone* se‘gm<‘ntat ion into t wo halva\s. 
In the* stage* re*[)re*se*nteMl in Ne). 4 the* masse's of e*ndochrome* have* 
be‘en still ineire* wide‘ly .se‘parate‘el by the* inte'rpeisitiein e)f hyaline* 
substance*; e*acb has be;e*e)me* furnishe‘el with its jeair e)f tlage*lla, anel 
the globular eie*!! has undergeene* a se‘e*e)nd se‘gmentat leni. Finally, in 
Xe). 0, which re‘pre*se*nts a pe)rtie>n eef the* spbe*rie*al wall e>f a mature 
Volvox, the (‘iidochreime* masses are* e)bse‘rve‘el to pre‘se*nt a more 
scatte‘rt^d aspe*ct, partly on a(;(*e)unt e)f tlie*ir own i'e*eluction in size, 
and partly tbremgh the* inte‘r[M)sitie)n eef a gre*atly ine‘re‘a.se‘el amount 
e)f hyaline substance, wbicli is se‘cre*te*d fre>m the siirfae*e eef t*ach ma.ss ; 
aiiei that portiem whie*h be‘le)ngs te) I'ach e*e*ll, staneling tee the* endo- 
e*hrome* mass in the* re*latie>n of the e*ellule)se e*oat e>f an orelinary cell 
to its e‘ctoplasm, is frt*e|uently se‘en te> be* markeal euit fremi the rest 
b}^ d(*licate lines of hexagonal are*e)latie)n (e*, c), which inelicate the 
bounelaries e)f each. Of these it is e)fte*n elillicult to ehtain a sight, 
a. nice managt*ment of tlie light being usually re*quisite with fresh 
specinums ; but the* pre>longt*el action of water ((‘specially when it 
contains a trace of iodine) or of glycerin Avill often bring them into 
clear vit*w. 'fhe prolonged action of glycei'in, moT‘t*over, wall often 
show' that the bounelary-lines are elouble. being forme*d by ’the 
coalescence of two contiguous c(*ll-walls ; and they som(*times retreat 
from each othei* so far that the hexagonal ai*eola3 become rounded. 
As the primary sphere approaches maturity, the large secondary 
germ-nuLSS, or zoosporange, whose origin luis been traced from the 
beginning, also advances in development, its contents undergoing 
multiplication by successive segmentations, so that w^e find it to 
consist of eight, sixteen, thirty-two, sixty-four, or still more 
numerous divisions, as show n in lig. 421, Nos. 6 , 7, 8. Up to this 
stage, at which the sphere first appears to become hollow, it is 
retained within the hyaline envelope of the cell within which it has 
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Won i>r()duce<l ; a similar envelope ean be easily distinguished, as 
shown in No. 10, just when the segiiientation has been completed, 
ami at that stage the flagella jxiss into it, but do not extend beyond 
it ; and even in the mature Volvox it continues to form an invest- 
ment around the hyaline (‘nvelo})es of the sc^parate cells, as shown in 
the sjime figure at No. 11. Jt .seems to be by the adhe.sion of the 
hyaline investment of the new .sj>here to that of the old that the 
.secondary sphere remains for a time attached to the interior wall of 
the primary ; at what exact pei‘iod, oi* in what pi*ecise manner, the 
.separation between the tw(» takes jdace has not yet been dett'rmined. 
At the time of the .separation the develoj)mental proce.ss has gene- 
rally advanced as far as the .stage rt‘[)re.sented in No. 1, the foundation 
of one or more tertiary spheres being u.sually di.stingnishable in the 
enlargement of certain of its cells. 

'The develo[)m(*nt and setting-fna* of tht*se composite zoosporang(‘s, 
^^hich is (‘.ssioitially a ]>roces.s of cell-subdivision ov (jennui parous exten- 
sioa. is th(‘ ordinary mo(h‘ of multiplication in J^olrox, taking pla(‘e 
at all times of tht‘ year, cxt*(‘[>t wluui th(‘ i/eueratiou (now to 

b(‘ describetl) is in pi-ogre.ss. The mode in which this jiroce.ss is 
Ivere performed (for our knowh'dge of which wt* an* indebted to 
the })er.sev(‘ring inv(*.stigation.s of Prote.s.sor C^>hn) .shows a great 
advance mnm tlu* .sim])le conjugation of two .similar ct‘ll.s, and 
clo.sely re.semblcs that which pia'vails not' only among the higlu*r 
algte, but (und(‘r sona* form or otlu*!*) through a. large* ])art of the 
cryptogamic s(‘ries. As autumn advance's the* Volrox .sphe*re*s usually 
ce'a.se tei multi [)ly the‘m.se*lve*.s by the formation of zoosporanges, and 
certain of tlu'ir ordiiuuw evils be‘gin to unele*rgo e*hange*s by w'hich 
the^y are con\e*rteel, .some* into male* or ‘ s])e‘rm-e'e*lls,’ e>thers inte) 
female* or ‘ gcrm-ce'lls,’ the* givate*r numbe*r, he)w’e*\(‘r, r(‘maining 
.sterile*. Each .s[)here of Volrttx (jlohator (Plate* Vi, tig. l)ce)ntains 
both kinds of .sexual cells, .so that this specie's ranks as monweioas \ 
but r. aareits is (h’oeeioas, the spe‘rm-ce*ll.s anel ge*rm-ce*ll.s eu'curring 
in se[)arate* sphe*re*.s. Both kinels e)f .s(*xual ce*lls are at tir.st elis- 
tinguishable* fre)m the* eereliiiary .sterile e*e*lls by their largei* sizei 
(fig. 2, a), in this respect re.smnbling ze ids jio range's in an e*arly 
stagee ; but their .subsenjuent hi.steny is altog(*ther elitf(*rent. The 
sperni-vo\\>s be*gin to umlerge) subdivision when they attain abeeut 
three times the size of the* stevile ce*ll.s ; this, bejwever, tak<*.s 
place, not on the binary plan, but in .such a manner that the 
enelochrome of the primary cell re.solves itself inte) a cluster of very 
jeecediar .seconelary cells (fig. 1, a, fig. h), e*ach consi.sting of an 
ehmgated ‘boely’ containing an e)range-ce)loiired emleichrome with a 
reel corpuscle, and e)f a, leuig, ce)lourles.s beak fre)m the bei.se of which 
proce*eel.s a pair of long flagella (figs, 6, 7), as in the antherozoids 
of the higher cryptogams. As the speiiu-cells nfeproach maturity, 
the aggregate clirsters may be .seen to move wdthin them, at first 
.slowly, and afterwards more rapidly ; the bundles then sejiarate 
into their component antherozoids^ wdiich show an active, indepen- 
dent movement whil.st .still within the cavity of the primary cell 
(fig. 1 , and finally e.scape by the giving-way of its wall (a'*), 
diffusing themselves through the cavity of the Volvox sphere. The 
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(%. 1, />, />), on the other hand, continue to increiise in 
size witliout undergoing siihdivision ; at lirst showing large Viicuoles 
in tlieir j)rotophrsin (6^, but suhsecjuently becoming filled with 
dark-green endochrome. The form of the germ-cell gi*adually 
clianges from its original flask-Hha{>e to the globular ; and it 
pi'ojects into the cavity of th(‘ Volvox sjdiere, at the same time 
fmcjuiring a gelatiiu>us enveloj)e. i )ver this the swarming antherozoid.s 
diffuse* themselves (fig. *1), penetrating its substance, so as to find 
their way to the interior; and in this situation they seem to dissolv’e 
away, so as to b(‘come incorporated with the obspherp. The product 
of this fusion (which is t)nly conjugation under anotlaa* form) is a 
I’eproductive cell oi* oonpore^ which spe(‘dily be(;om(\s enveloped by 
an internal smooth metubraia?, and with a thicker exttaaial coat, 
wliich is usually b(*set with conical j)oint(‘(l pi-ocess(‘s (fig. 4) ; and 
the contained chlorophyll giv(‘s place, as in to starch 

and a red or orange coloured oil. As many as forty of such odspoi‘(*s 
liave bofui s(*en by (Joiin in a single s]>hei‘e of Volvox^ which thus 
a,c(|\nr(‘S tlu* pecailiar appearance that has been distinguished by 
EhrtudKU'g by a, difh‘r<*T\t specific naiiu*, Volrox stplldtas. Soon 
after tla* o()Sj)or(‘s reach maturity, the partuit sjdiere breaks up, 
and the ods[)ores fall to the bottom, wju*re tht‘y remain during 
the wint(‘r. 'PIkut fiirth<‘r liistory has since lusui traced out 
by Kirchner, who found that their germination commenced in 
F(d)ruarv with the lilu'ration of tlu* spherical (‘ndosport* from its 
(‘uvelope, and with its division into four cells by the formation 
of two jiartations at right angl(*s to (*ach otlun*. d'hese partially 
separate, holding together only at one <*nd, which b(*comes one pole 
of tla* globular clust(*r sub.s(‘<[U(‘ntly forna'd by c<‘ll-multiplication, 
tlie otlua* j)ol(‘ only closing in wlnui a large uumbm* of cells have 
been formed, 'flu* cells art* then cari-ied apart from out* auothtu* by 
the hyaline invt'stment foi’iuetl byt‘ach, and tlu* characlt*ristic VoJrox 
sphere is thus comph'ted.^ 

Anotlu'r phenouu*non of a vt*ry remarkabh* nature, nauitdy, tlu* 
conversion of the cont(‘nts of an ordinary vegtdabh* cell into a fr(*e 
moving mass of prtitoplasiu that bears a strong resemblance to the 
animal ^1 has bet'n afliruu*d by Dr. Hicks ‘S to take plat*e in 

Volvox, undt*r circumstances that leave no reasonable ground for that 
tloubt of its reality which has bet*n raised in regard to the accounts 
of similar jihenomena, occui ring t*lsewhere. dlie endochrome -mass of 
one of tlu* ordinary cells increases to nearly double its usual size ; 
but, instead of uiulergoing binaiy subdivision so as to produce a 
zoosporange, it loses its (‘olour and its regularity of form, and 

^ Tla^ doctrine of the voj^etablo nature of Voluox, which had been su^^gested by 
Siebold, Braiiii, and other Clermau naturalists, was first distinctly enunciated by 
l^rof. Williamson, on the basis of the history of its development, in the Transactions 
of the Philosojthical Socicij^ of Manchester, vol, ix. 

(The most recent and detailed accounts of the development of the various forms 
of V'olvox are by Klein (Pringsheim's Jahrhueher /Ur ivissensrhafflirhe Bofamk. 
vol. XX. IHHt), p. 183) and Overton {Botanischcs Centralhlatt, vol. xxxix. 1889), whicli 
do not differ in any material point from the description given in the text. See also 
Bennett and Murray’s Handbook of I'njptogaimc Botang, p 292. — Ei>.] 

^ Trans, of Mic7’osc. Societif, n.s. vol. viii. 1860, p. 99 ; and Quart. Journ. of 
Microsc. Srtencr. n.s vol. li. 186*2, p. 96. 
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becomes an iri*egiilar mass of colourless pi-otoplasm, containing a 
number of brown or reddisli-brown gi*aniiles, and ca}>able of altering 
its form by protruding or retracting any iKmtion of its membranous 
wall, exactly like a true Amccha. By this self-moving power, each 
of th(\se bodies (of which tw’enty may sometimes be counted wdthin 
a single Volvoot') glides inde}>endently over the inner surface of the 
sphere among its unclianged green cells, bending itself round any 
one of these w'ith which it may (‘ome into contact, precisely after 
tla^ nuinner of an AmoRha. After the ‘anui'boid’ has begun to 
travel, it is al\va\s noticed that ftm every such moving body in the 
Voh'o.f tli(‘re is the emi)ty s[>ace of a missing cell ; and this conlirms 
the belief - fimnded on ()bs(‘rvation of the gradational transition 
from the one condition to th(‘ other, and on thi‘ diiliculty of suji- 
posing that any such bodi(\s could ha\e entered the sphere parasiti- 
cally from witliout — tliat tlu^ ^ am<cbr)id ' i,s really the [)i‘oduct of tin* 
metamor})bosis of a mass of vt'getable j)roto])lasm. 1dns ineta- 
morpliosis may tak(* [)lace, according to I)r. Hicks, e\'eu aft(*r the 
proc(‘ss of binary subdivision has commcuKH'd. What is the sub- 
.secpuuit destination of these aimeboid bodies has not yet betm ascer- 
tained.* 

I n otlu*r organisms allied to IVv/re.r, and included in the family 
Volcochn‘a\ we find a Aery interesting and instructive* ti-aiisitioii 
betwet*n the various modes of multiplication already described. In 
H Hdnrhta. [\ <*omm()u organism in still wati*!*, a sexual [>roc<‘ss similar 
to that in Volro.r has be<*n obs(‘rved. In PaitdorltHi niorttm the 
g(*nerative ])roc*(*ss is [)eilbrmed, at*cor<ling to tlu^ obs(*rvations of 
l^ringsheim, in a manner curiously intermediate between tin' lower 
and the higher typ(‘s r(*fei*red to above. For within each cell of tin* 
original sixteen of w hich its mulbei’ry-like mass is composed, a brood 
of .sixteen sei'ondary (*ells is formed by ordinary binary .subdivision; 
and the.se, when set free by tin* dis.solution of tln*ir containing cell- 
wall, swum forth a.s ‘ .sw’arm-.s])ores,’ each b(*ing furni.shed w'ith a 
pair of flagella. Among tlie crowd of the.sc* .swarm-.sjiores may be 
ob.sei'ved some which apjiroacli in pairs, as if seeking one another ; 
when they meet, their points at fir.st <*ome together, but giadually 
their whole bodies coale.sce, and a globular zygos[>ore is thus formed 
which germinates aftei* a perio»l of re.st, reproducing by binary 
sid)divisioii the original .sixteen-celled, mulberry-like Pandorina. 
We have here, therefore, a true process of conjugation between 
motile protopla.siu ma.s.se.s, eiwh of which is in ihsedf indi.stinguish- 
able from a zoiisjiore. A similar process takes place ahso in 
Conferva^ Ulothrix^ Hydrodiettfon,, and a mimber of fresh-water alga* 
(fig. 422). 

Included by many wTiters under the general teiuii PalmellaceSB 
are a number of minute organisms of very simple structure, the 
lelationship of which to the Protococmeem i.s not yet fully known. 
They all grow either on damp surffices or in fresh water ; and they 
may either form (1) a mere powdery layer, of which the comjxment 

I A similar production of * amoeboids ’ has been observed by Mr. Archer in 
Steplianospha^ra pluvialis, and is scarcely now to be considered an exceptional 
phenomenon. 
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})ai*ti(!le.s liHve little or n{) julhesioii to each other ; or they may ))re- 
sent themselves (2) in the eomlition of an indefinite slimy film, 'or (3) 
in that of a tolerably firm and definitely bounded membranous 
‘frond.’ The first of these states we have seen to be characteristic 
of Palmoglata and ProtococcKH\ the new’ c(‘lls which are originated 
by the process of binary subdivision ii.sually separating from each 
other aft(*r a short time, and, even where they remain in eohesion, 
not formin/[< a- ‘ frond’ or membranous expansion. The ‘ red snow%’ 
which sometimes colours (*xtensive tracts in Arctic or xVlpine n^^ions, 
pmietratin^ (‘ven to i lie depth of several feet, and v'e^etatin^'" actively 
at a tinnjierature which reduces most plants to a stale of toi-por, is 
generally (^onsidiaaMl to Ix' a spt‘cies of J^rotococrKs ; but as its cells 
are (joniuicted by a tolerably firm ^(datinous inv(‘st.ment, it would 
ratber seiari to b(‘ a PalmHla. The siiciaid is the condition of Pal- 
vnella pro])(‘r, of vvhicli om^ species, J\ usually known under 

th(* name of ‘ j^^ory dew,’ is common on damp walls and in shady 
jdaces, souKitimes extending itself ov^ia* a 
(‘onsiderabh‘ ar(*a as a toii^h <yelatinous 
mass, of th<^ (‘olour and ^'•eiieral ap])earanci* 
of coagulated blood. A characteristic 
illusfration of* it is also afforded by the 
/f<vmatocncci(.s sang*/ inf hn (fig. 42d), which 
childly difftu’s from P(dmt'lla in the partial 
[ler.sist (*nc(‘ of f he walls of th(‘ parent-cells, 
so that the whole mass is subdivided by 
[)artitions, which emdose a larger or smaller 
number of cells originating in the sub- 
division of their contimts. Besidtvs in- 
ert‘asing in tin* ordinary mode of binary 
multiplication, tlu' Pahnellii cells • .seem 
occasionally to rujdure and (liffus(‘ their 
granular contents thi'ough the gelatinous 
stratimn and thus to gi\e origin to a whoh‘ 
cluster at once, as seen at c, aft(*r the 
manner of other sim]>le plants to be j)re- 
seuf.ly de.scribed, save that, th(‘si‘ minute 
segments of the tmdochrome, having no 
power of spontaneous motion, cannot be ranked as /.oospores. 
The gidatinous masses of the l^ulmella are frequently found to con- 
tain j)arasitic grow’ths formed by the extension of othm* plants 
through their substance; but numerous branched filaments some- 
times present themselves, whicdi, being traceable into ab.solute 
continuity wdth the (‘ells, must be consi(k»red as }>i‘0})erly appertaining 
to them. Sometimes the.se filaments radiate in various directions from 
a single central cell, and mu.st at first be considered as mere exten- 
sions of this ; their extremities dilate, however, into new’ cells ; and, 
when these are fully formed, the tubular connections close up, and the 
cells become detached from each other. ^ Of the third eomlition w^e 

y This fact, first made public by Mr. Thwaites {Ann, of Sat. Hint, 2ud senes, 
vol. ii. 1848, p. 313), is one of fundamental importance in the determination of the 
real character of this group. 


1 



Fia. A, conjugating 

microzodspores of (do- 
fhrtx; B, inegazoilspove 
of TdoOtriJ'yirom Vines’s 
‘ Physiology of Plants.’ 
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have an example in the curious Falmodictyon described by Kiitzing, 
the frond of which appears to the naked eye like a delu‘4\te network, 
consisting of anastomosing branches, each composed of a single or 
(loiihle row of large vesicles, witliin every one t)f nhich is produced 
a })air of elliptical cellules that ultimately esca])e as /.oospores. The 
alternation between the motile form and the still or resting form, 
which hjis been described as occurring in Protococcits, has been ob- 
served in seveial other forms of this group ; and it seems obviously 
int(uided, like the production of zoilsjxu’es, to secure the dispersion 
of the plant and to })revent it from choking itself by overgrowth in 
any one loc^dity. It is very commonly by plants of tliis group that 
the algal portions of lichens are formed.* 

Notwithstanding the very definite form and large size attaine<l 
l)y the fronds or leafy expansions of the Ulvace£B, to which group 



Kio 423. — hanfjKinvuH, m variouB start’s of iltivrlopiiuint ; 

cells, enclosed in their hiucouh envelope; cluHter formed by subdivision of 

the p.ireiit-c(dl ; d, more niimerouK cluster, its component eelln in various ntagch ol 
division ; c, large mass of young ccIIh, formed by tlie HubdiviHion of tin* parent 
endochrome, and enclosed within a common mucous envelope, 


belong .some of the mo.st common grass-green S(‘a weeds (‘laver’) 
found on every coast, yet their e.sseiitial structure differs but very 
little from that of the preceding group ; ami the pihicipal advaiici* 
is .shown in this, that the cells, when multiplied hy binary sub 
division, not only remain in firm connection with ea<*li other, hut 
possess a very legular arrangement (in virtue of tlie determinate 
plan on which the subdivision takes phice), ami form a definite mem 
branous expansion. The mode in which this frond is produced may 
Ik? best umlerstood by studying the history of its development, some 
of the princijial phases of whicli are seen in fig. 424. The i.solated 
cells A, in which it originates, resembling in all jioints tho.se of a 

• [The Palmellaceic are not now regarded by the best authorities as a distinct 
family from the Protococcaceie^ and the genus Hcptfiatococcus is sunk in Proto- 
coccus. — Ed.J 
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Protococcus, rise, by tlieir successive subdivisions in determinate 
directions, to such regular clusteis as those seen at II and C, or to 
such confervoid filaments as that shown at T). A continuation of 
the same regular mode of subdivision, taking place alternately in 
twf) directions, may at once extend the ('lusters JI and C into leiif- 
like exjiansions ; or, if tla? filamentous stag(» b(‘ j>ass(al tluTJUgh 
(different species [iresenting valuations in the history of their dt‘velop- 
ment), the filament incr(*as(‘s in bn^adth )is well as in length (as seen 
at E), and finally becomes such a ‘ frond’ jis is shown at F, (5. In 
the simf)l(^ nuunlmmous (‘Xpansion or thallus thus formed, th(‘re is 

hut little approach to a 
ilifferentiation of pai’ts in 
the foi’inataon of root, stem, 
and leaf, siich as the higher 
alga‘ pres(‘nt ; every portion 
is tile (‘xact counterpart of 
(‘\ery otlu'r, and (‘ver\ 
]>ortion seems to take an 
equal share in the ojiera- 
tions of growth and rc^pro- 
ducf ion. Each cell is very 
commonly found to exhibit 
an imp('rh‘ct partitioning 
into four ])arts preparatory 
to multi [ilication by doubh* 
liijiartition, and iho entire 
frond usually shows the 
groups of cells arranged in 
elustias containing some 
mult iple of four. 

ll(\sidt\s this continuous 
incrt'ase of tlie individual 
frond, how'iwer, w’e find, in 
most species of (^Iva, a 
[irovision for extending the 
plant by the dispersion of 
/.oo.sport's. The endochrome 
(fig. 425, a) subdivid(‘s into 
nunmrous segments (as at 
h and c), whicdi at first are 
seen to lie in close contact 
within the ccdl that contains them, then begin to exhibit a kind 
of restless motion, and at last escape by the bursting of the 
(‘ell-wall, and swim freely through tlu‘ wat(‘r as zoospores (d) by 
means of their flagella, each zobsjHue liaving become endow'ed 
with either two or foui’ flagella during its formation within its 
mother-cell. At last, however, they come to rest, attach them- 
selves to some fixed point, and begin to grow^ into clusters or 
filaments (e) in the manner already descril^d. The walls of the 
cells which have thus dischai’ged their endochrome lemain as 
colourless spots on the frond ; sometimes these are intermingled with 
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Fro. 424.— SuccesHivc wtagert of dovolo])mriit 
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the portions still vegettiting in the usual mode ; hut sometimes the 
whole endoehrome of one portion of the frond may thus escape in 
the form of zoospores, leaving behiml it nothing but a white flaccid 
membrane. If the microscopist who meets with a frond of an Uha 
in this condition examines the line of separation between its green 
and its coloured jK>rtions, he may not improbably meet with cells in 
the very act of discliarging their zoospores, which * swarm ’ around 
their points of exit very much in the manner that animalcules aro 
often seen to do around pirtieulai* sjH)ts of the field of view, and 
which might eiisily be biken for true Infusoria ; but on (*arrying his 
<)bs(*i*vatioiis further, he would set' that similar bodies are moving 
loithin cells a little nnna' remot(‘ from the divi<ling line, and that a 



Fia. 425. — Formation of zolisporoH in TJlvd Jafissima : (t, portion of the ordinary 
frond ; cellH in wliicfi the endoehrome is beginning to break up into segmenth ; 
e, cells from the boundary between the coloured and colourless portions, some of 
them containing zoospores, others being empty ; flagellate zoospores, as in active 
motion ; c, subsequent development of the zoospores. 

little farther still they are obviously but nuisses of endoehrome in 
the act of subdivision.^ 

More recent observation has brought out tlu) interesting fict 
that in IHva and its allies there are two kinds of swarm -spore, a larger 
kind, ‘ megazoiispores,’ with four, and a smallei* kind, ^ microzouspores,’ 
with two cilia ejtch (see fig. 422). Of these the megaztiospores 
germinate directly, as above de.sci’ibed, while the microzoospores or 
‘ zougametes ’ have been observed to conjugate in pairs, producing 
zygospores, by the germination of which a new generation is 
produced. The two kinds of zoospore may be produced on the siime 
or on different individuals. 

^ Such an observation the Author had the good fortune to make in the year 1842, 
when the emission of zoospores from the UlvacecEf although it luul been described 
by the Swedish aJgologist Agardh, had not been seen (he believes) by any British 
naturalist. 


O O 


562 MICROSCOPIC FORMS OF VEGETABLE LIFE— THALLOPHYTES 


Although niiiiiy of the plunts belongingto the family Siphonacese 
attain a conaideiable size, and resemble the higher seaweeds in their 
general mode of growth, yet they retain a simplicity of structure so 
extreme as to require timm to be ranked among tlie simpler thallo- 



phytes. They are inhabitjmts 
both of fresh wjitei* and of the 
sea, and consist of very large 
tubular cells, which often ex- 
tend themselves into branches, 
so as to foiaii an arborescent 
frond. These ]>rnnches, Ijow- 
ever, ai-e not se[>arated fnnn 
tl)e stem by any intervening 
j)artition, exce[)t those parts 
wliere tiie generative organs 
are prtxlucerl ; hut the whole 
frond is composed of a simple 
continuous tube, the entire 
contents of which may be 
r(*adily presse<l out through an 
<u'ilice ma<le by woumling any 
part of tile wall. The genus 
Vaucheria may be selecte<l as a 
particularly good illustration of 
this family, its history having 
been pretty eompletely made 



out. JMost of its speeies are 
inhabitants of fresh water, hut 
some are marine; and they 
commonly }>r(‘sent themselves 
in the foian of eiisluon-like 
masses, (*om])Osod of irregularly 
branching tilaments, which, al- 
thougli they lemain distinct, 
are densely tufted togetliei* and 


Flo. 420. — SiK'coHHivc })}uises of generative variou.sly int(‘rwo\x‘n. Some 
prociw in Pa a r//erm .se.s.'idis: at A are species form dense fu*eeu mats 
Hetui one of the ‘ horns ’ or antherids (o) a...... ;i : ^ i. r 

and one of tlie oiigones d>', as yet un- J ** damp .soil in thm er-pots, Ac. 
opened; at B the antherid is seen in ^Tlie foianation of motile gouids 
the act of emitting tJie antlierozoids (r), oi* zoositoi'es mav he I'eadilv 
of which many enter the openiiiir at the i . 1 • .1 ‘ 1 

apex of the oiigone, wlnlst others [d) nhsei \ ed III tliese plants, the 
which do not enter it display their cilia whole j)rot*ess usually occupying 
until they become motionless,* at C the hut a verv short time The 
orifioe of the oi)goiu* is elosed again by 

the formation of a eellulose coat around ^^-^tl-einitv of one of the filaments 
the oiispheve, thus constituting an oospore, usually swells up in the form of 

a club, and the endochrome 
accumulates in it so as to give it a darker hue than the rast ; 
a separation of this jiart from the remainder of the filament, 
by the interjxisitiou of a transjiavent sjiace, is next seen ; a new 
envelope is then formed around the mass thus cut off; and at last 
the membranous wall of the investing tube gives way, and the zoo- 


apex of tho oligonc, whilst others {< 1 ) 
which do not enter it display their cilia 
until they become motionless ,* at C tlie 
orifice of the oiigone is closed again by 
the formation of a cellulose coat around 
the oospheve, thus constituting an oospore. 
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spore escapes, not, however, until it has undei'gone marked changes 
of form, and exhibited curious movements. Its motions continue 
for some time after its escaj^e, and are then plainly seen to be due 
to the action of the cilia, which form a complete fringe round it. 
If it be placed in water in which some ciirmine or indigo has been 
rubbed, the coloured granules are seen to be driven in such a 
manner a^^ to show that a jK)werful current is })roduced by their 
propulsive action, and a long track is left behind it. Wlien it 
meets with an obsbu'le, the ciliary action not being arrested, the 
zoosjx)re is flattene<l against the object ; and it may thus be com- 
pressed, even to the extent of cruising its endochrome to be dis- 
charged. Tlie cilia are best seen when their niov^ements have been 
retarded or entirely arrested by means of o))ium, iodine, or otlier 
chemical reagents. The motion of the sj)ore continues for about 
two hours ; but after the la})se of that time it soon coim^s to an 
end, and the spore begins to develop itself into a new jdant. It has 
been observed by linger that the esc4i})e of the zoospores genei'ally 
takes {dace towards 8 a.m. ; to watch tliis |du‘nonienon, therefore, 
the {dant should be gathered the day before, and its tufts examined 
early in the morning. The same fdainent may give off two or three 
zoi )Rp()res successi vel y . 

In addition to this mode, there exists also in this humble 
plant a true {)rocess of sextial generation. Tlio bivniching filaments 
are often seen to bear at their sides |)eculiai* globular or oval 
ca])sular jU'otuberances, somc^times se{)arated by the inter {position of 
a stalk, which are filled with dark endochrome ; and from these, 
after a time, new jdants arise. In tlie neighbourlKKxl of these 
bodies are found, in most s|)ecies, certain other })rojections, wliich, 
from being usually {K)inted and soim'what curved, have been named 
‘horns’ (tig. 42b, A, a); and these have been shown by Pringsheim 
to be aiiiftrrids, which |a*oduce cmtherozoidti in their interior ; whilst 
the ca{)sule-like bodies (A, h) art^ odyotws or archegottps^ each con- 
taining a mass of endochrome which constitutes an oosphere that is 
destined to become, when fertilised, the oi’iginal cell of a new 
generation. The antherozoi«ls (11, c, d )^ wIkmi set free from the 
antherid a, swaian about the o<>gone and, attivicted by a drop of 
mu(‘ilage forme<l at the motith of the odgoiu*, enter it, one or more 
antherozoids becoming absoi’bed into the substance of the obsphere. 
This hitherto naked mass of {>rotoplasm now becomes invested by 
an envelope of cellulose (C, h), wbicdi increases in thickness and 
strength, until it has acquired such a density as enables it to afford 
a firm protection to its contents. While in Vauchpria the sepaiute 
filaments are so slender as to be scarcely discerniV>le to the naked 
eye, the frond of other genera of Siphonaceee, iriostly natives of 
shallow se^s in the warmei' parts of the globe, attains very large 
dimensions. Thus in Codiitm it is a s{x>ngy s])herical or cylindrical 
floating mass, as much as a foot in length ; in Cmderpa it has the 
ap{)earance of a branched leaf springing from a stem, which puta 
out roots from its under side ; in Acetahidaria it takes a mushroom- 
like form with a cap or ‘ pileus,’ a quarter of an inch in diameter, 
divided into regular chambers, at the summit of a cylindrical stalk,. 

o o 2 
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1 ^ to 3 inches in lieight. Munier-Oharles ^ believes that many 
fossils generally regarded as Foraminiftra are in reality the 
c^alcareous skeleton of algai belonging or nearly allied to the 
HiphonacesD. 

The microsco{>ist who wishes to study the development of zoo- 
spores, as well as several other jdienomeiia of this low type of vege- 
tation, may advantageously have recourse to the little plant termed 
Achlya prolifera,^ which grows parasitically upon the bodies of dead 
flies lying in water. Its tufts are distinguishable by the naked eye 
jis clusters of minute colourless filaments ; and these are found, 

when exfi mined by the 
mica'oseope, to be long 
tubes, devoid of all parti- 
tions, extending them- 
selves ill various direc- 
tions. Tht‘ tubes contain 
a (Hilourless slightly gra- 
nidai* jirotoplasm, the 
paitieh^N of which aii' 
Siam to move slowly in 
streams along the walls, 
as in Chara^ the currents 
occasional ly anastomosing 
with each otluir (fig. 427, 
C). Within about thirty- 
six hours after the first 
appearance of the parasite 
on any body, the proto- 
plasm liegins to accumu- 
late in the dilated ends 
of the filaments, each of 
which is then cut off from 
the remainder by the 
foi’mation of a partition ; 
and witliin this dilated 
cell the movement of the 
protoplasm continues for 
a time to be distinguisli- 
able. Very speedily, how- 
evei*, its endoplasm shows 
the appearance of being broken up into a large number of distinct 
masses, which are at first in close contact with each other ami 
with the walls of the cell (fig. 427, A), hut which gradually 
become more isolated, each seeming to acquire a pi’oper cell -wall ; 
they then begin to move about within the parent-cell; and, when 

1 Comptes lienilus^ vol. Ixxx. 1877, p. 814. 

* [This plant, though, as an inhabitant of water, formerly ranked among AlgcOy is 
now generally regarded as belonging to the group of Fungi, on account of its 
incapacity for the production of chlorophyll, and its parasitism on the bodies of 
animals, from whose juices its cells seem to draw their nourishment. It is very 
closely allied to Saprolegnia (see p. 640), a fungus parasitic on the bodies of living 
fish, and causing the very destructive disease to which salmon are liable. — E d.] 





Fig. 427. — Development of Achlya probfera : A, 
dilated extremity of a filament h, separated 
from the rest by a partition a, and containing 
zoospores in progress of formation ; B, end of 
filament after the cell-wall has burst, and 
setting free zoiisporos, o, 6, r ; C, portion of 
filament, showing the course of the circulation 
of granular jiro topi asm. 
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quite mature, tliey are set free by the rupture of its wall (B), and, 
after swarming about for a time, develop into tubiform cells resem- 
bling those from which they sprang. Each of these zoosj)ores is 
{K>ssessed of two flagella ; their movements are not so powerful 
those of the zoospores of Vanclieria^ and come to an end sooner. 
The generative process in this type is j)erformed in a manner that 
may be regarded as an advance upon ordinary conjugation. The 
end of one of tlie long tubiform cells enlarges into a globular dilatji- 
tion, the cavity of which becomes shut oft'by n transverse partition. 
Its contfuiK'd endoplasm divides into two, three, or four segments, 
(‘ach of which takes a glolmlai* form, and ' is then fertilised by the 
penetration of an antheridial tube which comes ofl’ from the fllament 
a little below the partition. The oospores thus producetl, escaj)ing 
from the globulai* cavities, acquire firm envelopes, and may remain 
unchanged for a long time even in water, when no apju’opriate )tidi4S 
exists for them ; but will (piickly germinate if a dead ins(‘ct or other 
suitabhi object be thrown in. 

One of the most curious foi-ms of the lower alga* is the ‘ water- 
net,’ Hydrodictyon reticulatum, which is found in fresh- water pools 
in the midland and southern counties of England. Its frond con- 
sists of a green open network of fllaments, ac(piiring, when full 
grown, a length of from four to six inches, ami c()m})osed of a vast 
number of cylindrical tubular <‘ells, vvliicli attain the length of four 
lines or mon*, and adh(*re to each oth(‘r by their rounded extremi- 
ties, the ])oint.s of junction corresponding to the knots or intersections 
of the network. Each of the.se cells may form within itself an 
enormous multitude (from 7,000 to 20,000) of zoospores, which at a 
(certain stage of their development are obseived in active motion in 
its interior, but come to rest in the course of about half an hour, 
and tlien ari*ange themselves in such a way that by their elongation 
they again form a net of the original kind, which is set free by the 
di.ssolution of the wall of the mother -ctdl, and attains in the course 
of three or four weeks the size of the mother-colony. Besides these 
bodies, however, certain cells produce from 30,000 to 100,000 
‘ microzous pores ’ of longer shape, each furnished with four long 
flagella and a red S*ye-spot ; ’ these escape from the cell in a swarm, 
and move freely in tlie water for some time. Conjugation between 
these .smaller zous]>ores has been observed to take place sometimes 
even with the mother-cell. The resulting body or ‘zygo.spore’ 
1 ‘etains its green colour, but becomes invested with a firm cell-wall 
of cellulose. In this condition these bodies may remain dormant 
for a considerable time, ami are described as ‘ hypnospores ’ or 
‘ resting-spores ; ’ and in tins .state they are able to endure being 
completely dried up without the lo.ss of their vitality, provided that 
they are .secluded from the action of light, which causes them to 
wither and <lie. In this state they bear a strong resemblance to the 
cells of Protococcus. The first change that manifests itself in them, 
when they begin to germinate, is a simifle enlargement ; next the 
eiidochrome divides itself succe.ssively into di.stinct masses, usually 
two or four in number ; and these, when set free by the giving way 
of the enveloping membi'ane, pre.sent the clmnicters of ordinary 
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zoo8{K>reH, eiwli of them [K)«ses8in^ two at its iiiiterior semi- 

tran«|)fuent extremity. Their motile condition, however, does not 
lust long, often giving place to the motionless st.age Ijefore they have 
quite free<l themseUx*s from the pai*ent-c*ell ; they then project long 
angular prwesses, so as to iissuim* the form of iiTegular j)olyhedra, 
at the Hfime time augmenting in size ; and the endcx'hrome contained 
within each of these Imeuks up into a multitude of zf>os|[K)res, which 
arti at iirst <juite indejauident and move mtively within the cell- 
<*avity, but soon unite into a netwcuk that hecoim^s invested with 
a gelatinous (jiivelofH*, and speeilily increases so much in size as to 
rupture the containing <*ell'Wall, on esciiping from wliich it presents 
all the essential churuct(;rs of a young IJ ydrodictijf/it . I’he rapidity 
of tlu* growth of this curious organism is not one of the least 
remarkabh' parts of its lustory. The indiv idual cells of which the 
net is c()mpos<‘d, at tlie tinu‘ of theii* emission as zoospores^ me;usure 



Pkj. 4‘iH, -VanoUH pluiM'm of dt‘Vi*lopnu‘nt of I'cUitt'if mtn yranitldtinn. 

no more than of an inch in length; but in the co\irse of a 

ft^w hours they grow to a huigth of from I’.jth to .\rd of an inch. 

The members of the family Fediastrese were formeily included 
in tlu< Demnidiamv ; })ut, though doubtless related to them in 
certj\iu particulars, they present too many points of ditlerence to b(‘ 
properly as8(x;iated with t.lumi. Their chief point of resemblance 
consists in the firmness of the outer covering, and in the frequent 
interruption of its margin either by the protrusion of ‘ horns ’ (fig. 
428, A), or by a notching more or less deep (fig. 429, JI) ; but they 
ilitfer in these two inqK)rtant particulars — that the cells are not 
made up of two symmetrical halves, and that they are always found 
in aggi'egation, which is not, except in such genera as Scenedesmtts 
whicli connect this group with the Desmids, in linear series, but in 
the form of discoidal fronds. In this tril>e we meet with a form of 
multiplication by motile ^ megazoospores ' which remimls us of the 
formation of the motile spheres of Volvox, and which takes place in 
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«iicli a manner that the resultjuit produet may vary ^'eatly in the 
number of its cells, and consei|uently both in size and in form. 
Thus in Pediastrum yranidatum (fig. 428) the zoos}>ores formed by 
the subdivision of the endcK'hrome of tme cell, which may be four, 
eight, sixteen, thirty-two, or sixty-four in number, escape from the 
parent frond still enclosed in the inner layer of the cell-wall ; and it 
is within tliis that they«levelop them?>elves into u cluster resembling 
that in which they originatetl, so that the frond may be comjK>s(‘d of 
either of tlic just-mentione<l multiples or sub-multiph‘s of lb. At 
A is seen an old disc, of irregular shape, nearly emptied by the 
♦‘mission of its zoospores, which had been seen to take place within 
a few hours previously from the cells c, e ; most of the 

empty cells exhibit the cross slit through which their contents hail 
been ilischarged ; and where this does not }>resent itself on the side 
next the observer, it is found on the other. Three of the cells still 
|K)ssess their coloured contents, but in diiferent conditions. One of 
them exhibits an early sbige of the subdivision of the endoehrome- — 
namely, into two halves, one of which already a])|H"nrs halved again. 
Two others are lilleil by sixteen very closely crowdetl zoiispori's, only 
lialf of which are visible, as they form a double layer. Besides 
thesi*, om* (*ell is in th(‘ vi‘ry act of discharging its zoospori's, nine of 
which have passed forth from its cavity, though still enveloped in a 
vesicle Termed by the extension of its inn(‘rmost miaubi'ane ; whilst 
seven yet remain in its infrrior. Tlie new-boi*n family, as it 
appears imme(liat(‘ly on its complete (‘mission, is shown at the 
zoospores are activ(‘ly moving within the vesicl(‘, and th(*y do not as 
yet sliow any indication (‘ither of symm(»tri(*a] arrangimient or of 
the p(‘culiar form which they ar<‘ subsecpiently to assuim*. Within 
a (piarter of an hour, however, the zoiispori's are obsei vial to sc'ttle 
down into ont‘ plain', and to assume sonu' kind of n^gular arrange- 
ment, most commonly that seen at <J, in which th(*r(‘ is a single 
centi’al body sinTound(‘d by a (‘ircle of live, and this again by a 
circh' of ten; tlu‘y do not, how(‘V(‘r, as y<*t adheri' firmly together. 
Tlie zons[)ores now begin to dev<‘lo]) themst‘lv<‘s into nc'w cells, 
incr(‘ase in sizt', and come into closcu* approximation (D) ; and tin* 
edge of eacli, especially in th(» marginal row , presents a notch whicli 
foreshadows tin* production of its characteristic ‘horns.' Within 
about four or five hours after the escap(‘ of tlu* zoiisjKires, th(^ cluster 
lias come to assume much more of tin* distinctive asjiect of the 
species, the marginal cells having grown out into horns (E) ; still, 
however, they are not very closely connecteil with eiich other, and 
lietween the cells of the inner row' considi'rable spaces yet interveme. 
It is in the course of the set*ond day that the cells bc'come closely 
applied to each other, and that the growth of the horns is com[)leted, 
so as to con.stitute a perfect disc like that seen at F, in wdiich, how- 
ever, the arrangement (^f the interior cells does not follow the 
typical plan.^ The formation of ‘ microzoos {Kires ’ has also Ijeeii 
observed, which have lieen seen to conjugate. 

^ Sec Prof. Braun on TJw Pheyiovienon of Rejuvenescence in Nature^ publinhed 
by the Ray Society in 1853 ; and its subsequent memoir, Algaruni Vnicellularuni 
Genera nova ant niinua cogmta^ 1855. 
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Tlu? varieties which present themselves, indeed, lx)th as to the 
numher of cells in eiicdi clust(*r and the ]>lan on which tliey are dis- 
posed, are such as to Imffle all attempts to l«ise sj>ecific distinctions 
on such grounds ; and the more attentively tlie life-history of any 
one of these plants is studied, the nior(‘ evident does it appeal* that 
nuiny reputed ‘species^ have no real existence. Some of thcvSe, 
indeed, are nothing (^Ise than mere tninsitory forms ; thus it can be 
scarcely doubte<l that the specimen represent<‘d in tig. 1), under 

the name, Pediastram pertaHinuy is in reality nothing else than a 
yoinig frond P.tjranidattnn In the? stage; represented in tig. 428, E, 
but consisting of tlnrty-two c<‘lls. On tlu* otbei* hand, in fig. 429, E, 
we st*e an emptied frond c)f P. (jramflattnit, exbibitnig the peculiar 
surface-marking from whicli the naim* of the sp(‘cios is derived, but 
comtKKsed of no more than eight c(‘lls. And instances every now 
and th(*n occur in which tla* fromi consists of only Ibui* c<‘lls, cacli of 


B 



Pig. 4‘JU — V’drious (?) of ]*<’(! n(sf m m . A, tetinH', B, C, P. Ehrenhergd'y 

D, P. pertiisutn ; E, etiipty fi-oiul of P. (panulatinn. 

them presenting the two-horned shape. Ho, again, in fig. 429, Band 
C, are shown two varieties of Pediastnnn Ehrenheryli, whose frond 
is normally com}K)S(‘d of sixteen cells; wliilst at A is figured a form 
which is designated as P. tetras^ but. which may be strongly suspected 
to be merely a four-celled variety of B and C. Many similar cases 
might be cited ; and the Author would strongly ui*ge those micro- 
scopists who have the recpiisite time and opportunities, to apply 
themselves to the detei*mination of the real species of these groups 
by studying the entire life-history of whatever forms may happen to 
lie within their reach, and noting all the varieties which ja esent them- 
selves among the offsets from any one stock. The characters of such 
varieties are <liffused by the pi*ocess of binary subdivision amongst 
vast multitudes of so-called individuals. Thus it happens that, as 
Mr. Halts has l enmrked, ‘ one pool may abound with imlividuals of 
Staurastram dejectum or Arthrodesmns inevs having the mucro 
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curved outwards ; in a neighbouring }hh) 1 every specimen may have 
it curved inwai*ds ; and in another it may be ^straight. Tlie cause 
of tlie similarity in each |>ool no tlo^ibt is tlvat all its plants are oft- 
sets from a few primary fronds.’ Hence tlie univei'sality of any 
pai’ticular character in all tlie specimens of one gathering is by no 
means sufticient to entitle these to take rank as a distinct species ; 
since they are, properly speaking, but repetitions of the same variety 
by a process of simple multi}>lication, really representing in theii* 
entire aggi'Ogate the one plant oi* tree that grows fi'om a singh* seed. 

Almost every pmd and ditch contains some members of the 
family Confervacese ; but they are esjjecially abundant in moving 
watt‘r, and they constitute the greater* 

})art of those green threads which 
are to be seen attached to stones, 
with their free ends floating in the 
direction of the current, in evtuy 
running stream, and upon almost 
every part of the sea -shore, an<l 
which are comiiunily known under 
th(‘ name of ^silk-weeds,' or ‘crow- 
silk.’ Their form is usually very 
regular, each thread being a long 
cylinder madt‘ iij> by the union of a 
single filament of short cylindrical 
cells united to each other by their 
flattened extnanities ; sometinu's 
these threads give off lateral 
Inauches, which have the same 
structure'. The endochrome, though 
usually green, is occasionally of a, 
brown or purj)h‘ hue, and is usually 
distributed uniformly throughout tla* 
cell (as in fig. 4.’10). The plants of 
this family aie extremely favourable 
subjects for the study of the method 
of c(*ll-multiplication by hhiari/ suh- 
division. This ])rocess usually, b\it 
not always, takes place only in the 
terminal cell ; and it may be almost 
always o})served thei e in some one of 
its stages. The first step is seen to bf* the subdivision (»f the 
endochrome, and the inflexion of the ecto[)lasm around it 
(fig. 4^10 A, a)\ and thus there is gradually formed a sort of 
hour-glass contim*tion acro.ss the ciivity of the [jarent-cell, by 
wdiich it is divided into twa) equal halves (B). The two surfaces 
of the infolded utricle produce a double layer of cellulose mem- 
brane betw^een them. Hometimes, however, as in Cladophora 
(jlmnei'ata (a common species), new cells may originate as branches 
fi-om any part of the surface by a process of budding, which, 
notwithstanding its difference of mode, agrees with that just 
described in its es.sential character, being the re.snlt of the sub- 


A 



Fi(). 4H0. ProoesH of ooll-niultipli- 
catiou ill ('Uulophont f/lomrvatu . 
A, portion of filament with incom- 
plete separation at a, and complete 
partition at b ; B, the separation 
completed, a new celluloso parti- 
tion being formed at a ; C, forma- 
tion of additional layers of cellulose 
wall, Cj beneath the mucous iri- 
% estment, cf, and around the 
eeto})lasm, u, which encloses the 
endfic’lirome, b 
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division of the original cell. A certfiin portion of the ectoplasm 
seems to undergo increased initiation, for it is seen to projeiit, 
carrying the cellulose envelope before it, so as to form a little 
protuberance, and this sometimes attains a considerable length 
liefore any separation of its cavity from that of tlie cell wliicli gave 
origin to it begins to take place. This separation is gradually 
effected, however, by the infolding of the ectojdasm, just as in the 
preceding case ; and thus the end(H*hrome of the branch cell becomes 
completely severed from that of the stock. The branch then begins 
to elongate itself by t\w subdivision of its first-formed cell ; and this 
j)rcK;ess may be I'ejieated foi* a time in all the cells of the filament, 
though it usually comes to be re.stru^ted at last to the terminal cell. 
The very (donga ted (^(dls of some sp(*cies of Confervacea' are 
characterised by the p(jssession (»f a large* number of nuclei. They 
are multiidied by zocJspores, [)roduc(‘d ap])arently indifferently from 
any (jell of a filament, by fr(‘e-cell formation. 'Jdi(\se zoospores are 
of two kinds, larger or smaller ; the larger kind have* (dther two oi* 
four cilia, and g(‘r*minat(* directly; tin* smalhu* are biciliated, and 
conjugation betvve‘en tluun has been oUservaal. 

N(^arly alli(*d to the Confervacejc is a very interesting plant in 
which a trin^ sexual modi* of reproduction has lH‘en obsiu-ved, SphSBro- 
plea annulina, the* dev'elopment and gtuieration of whudi have been 
S{>ecially studied by f)r. F. Oohn.* The* ob:^p()^*e, which is tlu; pnj- 
duct of the sexual proc'ess to lx* pres(*ntly (U‘scrib(‘d, is filled when 
mature with a i*(*d oil, and is bnveloped by Iavo m(‘mbi*anes, of which 
the outer oiui is furnished with stt‘llat(* [)rol()ng!itions (fig. 4*11, No. 1). 
When it begins to V(‘g(‘tate, its endoidironu* breaks up — first into 
two halvi^s (No. 2), and thiui, by succi'ssive subdivisions, into nunH*rous 
segnuuits (Nos. B, 4), at tlu* sanu* time becoming gr(*en towards its 
margin. These s(*gm(*nts, s(*t free by tlu* ruj>ture of tlu*ir containing 
envelope, escapt* in the form of motih* zobspore.s, which are at first 
rouiuh*d or oval, (*ach havdng a .semi-transjiarent beak whence [iroceed 
two cilia ; but they gradually elongate .so as to become fusiform 
(No. h), at the same time changing their colour from red to green. 
These iiujve actively for a time, and tlu*n, losing their motile power, 
begin to develop theniselv(*.s into filaments, ddie first .stage in this 
develo})meiit consists in the elongation of the cell, and the separation 
of the endochroine of its two hah'es by the int(‘rposition of a vacuole 
(No. G), and in more adv anced stages (Nos. 7, 8) a repetition of the 
like interposition gives to the endochroine that annular arrange- 
m(*nt from which the plant derives its specific naim*. This is .seen 
at No. 9, a, as it presents itself in the filaments of the adult plant ; 
whilst at in the sanu* figure, we see a suit of frothy appearance 
which tlie endochroine comes to possess through the multiplication 
of the vacuoles. The next stage in the development of the filaments 
that ai’e to produce the ouspheres consists in the aggi*egation of the 
end(x;hrome into definite masses (as seen at No. 10, a), which soon 
become star-shaped (as seen at />), each one being contained within a 
distinct com|)artment of the cell. In a somewhat more advanced 
stage (as seen at No. 11, a), the m.nssesof endixdirome begin to draw 
^ A?ui. drs Sri. Nat. 4eme Bot., tom. v. 1856, p 187. 
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themselves together again ; and they soon assume a globulai’ or 
ovoidal shape (h), wliilst at the same time clelinite oj>enings (c) are 
formed in their contiiining cell-wjill. Through these openings the 
fintherozoids develoj)ed within other cells gain admission, as 
shown at No. 12, rZ ; and they become ahstn-bed into the hefore-men- 


7 



Fig. 4iJl. — Development and reproduction of Sj/Jurroplea. 


tioned masses, which soon afterwards become invested with a firm 
membranous envelope, its shown in the lower part of No. 12. These 
undergo further changes whilst still contained within their tubular 
parent -cells, their colour passing from gi’een to red ; and a second 
investment is formed within the first, which extends itself into 
stellate prolongations, as seen in No. 13; so tliat when set free 
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they precisely resemble the iimture oospores whicii we have taken as 
the starting-point in tliis curious history. Certriin of the cells (as 
in No. 14), instead of giving origin to odspcmes, hav'e their annular 
(;olle<?tioiiH rif etidcKdirome convei'ted into antherozoids, which, tis 
soon as they hav(j disengaged themselves from the mucilaginous 
sh(*at}i that (‘iivelopes them, mov e about rapidly in the cavdty of their 
w)!itaining c(‘ll (a, h) ai-ound the large vacuoles which ix*cupy its 
interior, and then make their escape through apertures (c, d) winch 
form themselves in its wall, to find their way through similar a[>er- 
tures into th(» intei’ior of the; odgones, fis already desci’ibed. These 
antherozoids are shown in No. 1 5, as they appeal* wlum swimming 
actively through the water by means of tlu' two cilia which each 
possesses. Th(‘ peculiar inter(;st of this history consists in the entii*e 
absence of any sjMciai oi'gans for the generative })rocess, the ordinary 
filamenttnis cell developiiig otisphert's on the oru* hand and anthero- 
zoids on the other, and in the sim[)licity of tlu* means by which the 
fecundating ])ro(a‘ss is accomjilisluMl. 

The QSdogOniaceSB r(‘sembh‘ C.onfervacem in gcuieral aspect and 
habit of lif(*, but difler from them in some curious particulars. As 
the comjiom'iit evils of the filaments extmid themselve's longitudi- 
nally, iKiw rings of cellulose ai*e formed succ(‘ssi\ (‘ly, and are inter- 
(^alatc'd into tlie cell-wall at its ujiptn* end, giving it a ringed apjiear- 
ance. Ordy a single large zoospore is set free fiorn ea(*h c<*ll ; and 
its liberation is accomplished by the almost complet<* (ission of the 
wall of the (atl through one of these rings, a small ])ai t only remain- 
ing uncleft, which serves as a kind of hing(‘ whereby the two parts 
of tlie filament ari* [)r(nented from being altogether separated. 
Hoinetiiiuvs the zoiisport* do(?s not comph'tely «‘xtricat(‘ itstdf from 
the parent-c(‘ll ; and it. may b<*gin to grow in this situation, the 
root-like processes which it puts forth being (Extended into the 
cavity. Tlui zoos} lores are tlu‘ largest known in any class of algic; 
each has a nucleus, a. red ‘ eye-s})ot,’ and an antm ior hyaline s})ot to 
which is attached a tuft of cilia visible ewn before its esca})e from 
its mother-cell. 

In tluur generative }>rocess, also, \\\^(Edo(jonmoiv show a curious 
de})arture from tlu' ordinary type; for whilst the oilsjiheres are 
formed within certain dilateil cells of the ordinary filament (fig. 482, 
A, No. 1), which may be teiiued odgones, and are fertilised by the 
penetration of antherozoids (No. 2), these antherozoids are not, in all 
the s}>ecies, the immediate pnxluct of the s}jerm-c(*lls of the same or 
of another filament, but are develo}>ed within a body termed an 
amirospwe (No. 5), which is set free from within a s})ecial cell (No. 
4), and which, being furnished with a terminal tuft of cilia, and having 
motile power s, very strongly resembles an ordinary zods}K)re. This 
aiidrospore, tifter its perioil of activity laus come to an end, attaches 
itself to the outer surtiuv of an oiigone, or of a cell in close proxi- 
mity to an odgone, as shown at No. 1, ; it then ilev elopes into a 

very small male plant, known as a dwarf-mahs consisting of two or 
three cells ; the terminal of tliese cells is an anther id, from the apex 
of which a sort of lid drops, as .seen in the \ipper part of No. 1, by 
which its contained antherozoirls (No. 2) are .set free ; and at the 
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same time ;ni aperture is formed in the wall of the otigoiie by 
wdiich the antherozoid enters its cavity and fertilises its obsphere by 
l^ecoming absorbed into it. This mas.stl\en becomes an obs})ore (K o. 3), 
invested with a thick wall of its own. but still I'etains more or less 
of the env'elope dei-ived from the cell within which it was developeti. 
The otHces of tliese different cltisses of rt'productive boilies are only 
now beginning to })e und(‘rstood, aiul the iiujuiry is one so fraught 
with physiological interest, and, fi*om the facility of growing these 
plants in acpiaria, can be so easily pursued, that it may be hojH^d 



Flu. 482, A, Sexual }<eneratiou of G^Ulogoimivi riliaiumi 1, filament with two 
odgoiies in proccflH of forniation, the lower one having two andro»pore» attached to 
itB exterior, the i'ontentH of the upjier oiigone in the act of being fertUised by the 
entrance of un antherozoid set free from the interior of its androspore ; 2, free 
antherozoids ; 8, mature oiispore, still invested with the cell-membrane of the 
parent-filament; 4, portions of a filament bearing special cells, from one of which 
an androspore is being set free ; 5, liberated androspore. 

B, Branches of Cluetojjhora elegnns, in the act of clischarging ciliated zoosporeH, 
which are seen as in motion on the right. 


that the zeal of microscopists will not long leave any part of it in 
obscurity. 

Tlie Chsetophoracese con.stitute a beautiful and interesting little 
group of confei’void plants, of which .some species inhabit the sea, 
whilst others aie fouml in fresh and pure water — rather in that of 
gently moving streams, howevei*, than in strongly flowing currents. 
Generally speaking, their filaments put foilh lateral branches, and 
extend themselves into arborescent fronds ; one of the distinc- 
tive chai’acters of the gi’oup is afi’orded by the flic’t that tlie 
extremities of these branches are usually pi-olonged into bristle- 
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shaped prcx^esses (fig. 432, B). As in many preceding caaas, these 
plants multiply themselves by the conversion of the endochrome of 
certain of tlieir cells into zoospores, and thcvse, when set free, are 
seen to be fui-nished with either two or four cilia. ^ Resting- 
spores’ have also been seen in many species. One of the most 
beautiful objects under tlie microscope is Drapaimaldia gloimrata, 
not uncommon in still water. It consists of an axis composed of a 
single row of lai-ge transparent cells containing but a small quantity 
of chloropliyll. From tliis {proceed at regular intervals whorls of 
slemler branches, the endochrome of wliich is deep green, and every 
branch ends in a delicate hyaline hair of extraordinary length. The 
mode of reproduction of the ( ^hcHtophoracew closely I’esembles that of 
the OonfervacPAti, 

The Batrachospermese, whose name is indicative of the strong 
resemblance wliich their beailed filaments bear to frog-spawn, are 
now ranked as humble fresh-water forms of a far higher, chiefiy 
inaiine, grou]) of alga% the Rhodonpermecie^ or red sea-weeds. But 
they deserve special notice lu‘re on account of the simplicity of their 
structure, and the extreme beauty of the objects they afi()rd to the 
microscopist (fig. 433). They are chiefiy found in water which is 
pure an<l gently flowing. ‘ They are so extremely flexible,’ says Dr. 
Ilassjdl, ' that th(‘y obey the slighte.st motion of the fluid which 
surrounds them ; and nothing can surpass the ease and grace of 
their moveimmts. When removed from the water they lose all 
form, and ajqiear like })ieces of jelly, without trace of organisation ; 
on immersion, however, the branches quickly lesume their former 
disposition.' Their colour is for the most part of a biownish green, 
but sometimes they are of a, reddish or bluish pur])le. The central 
axis of each ])lant is at first composed of a single filament of large 
cylindrical cells laid end to end ; but this is subsecpiently invested 
by other cells, in the manner to be piesently described. It bears 
at pretty regular intervals whorls of short radiating branches, each 
of which is comiiosed of rounded cells, arranged in a bead-like row, 
and sometimes subdividing again into two, or themselves giving oft* 
lateral branches. Each of the primary branches originates in a little 
protuberance fiom the primitive cell of the central axis, precisely 
after the manner of the latei al cells of Cladophm'a (jlomerata ; as this 
protuberance increases in size, its cavity is cut off by a septum, so 
JUS to render it an inde})en(lent cell ; and by the continual repetition 
of the pi’ocess of binaiy subdivision this single cell becomes con- 
verted into a beaded filament. Oerbdn of these branches, however, 
instead of imliating from the main axis, grow downwards upon it, 
so 5is to form ji closely fitting investment that seems properly to 
belong to it. Some of the ]’.adijiting branches grow out into long 
transparent bristles, like those of the Chfrtojyhoracece ; and within 
those Jir(‘ pi*oduced antherozoids, which, though not endowed with 
the power of s])ontaneoiis movement, find their wjiy to the oospheres 
contained in other parts of the filaments ; jmd by the fertilisation 
of the contents of these are produced the somewhat complicated 
fructifications known Jis cystocarps, placed in the axils of the 
branches (fig. 433). 
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A very singular relationship, called by some winters an ‘ alter- 
nation of generations,’ exists between Batrachospe^'^num and Chan- 
transia, a genus of fresh-water alga^ previously placed in a totfdly 
different section. This relationship was first descrilied by Sirodot/ 
and his observations have since been confirmed by others. The 
germinating spores of Batrachospermmn put out, under certain 
conditions, a kind of filament, known as ti protonerne^ which develops 
into a Chantrmisia^ a non-sexual foi iii of Batrachospermmn ^ which 
can reproduce itself from generation to generation by simple 
budding, or by means of non-sexual spores, without producing 
sexual organs. Chantransin is especially found in water where very 
little light reaches it. When more exposed to light it undergoes 
metamorphosis, and then a branch springs up from the protoneme 
which is in every respect a Batrachosperrnimif beai-ing true sexual 
organs, as above described. 

This may then go on repro- 
ducing itself, or revert to the 
Chantransia form . 

The ColeochffitaceSB are a 
small oi’der of fresh - water 
Alga3, chiefly represented by 
the genus Ooleochcete, whicli 
forms minute discs or cushions 
attached to submerged [dants, 
from to ^ inch in diameter, 

(insisting, in the simplest 
forms, of a single layer of cells, 
often arranged in rays proceed- 
ing from a common centre. 

Reproduction takes place noii- 
sexually, by means of zoospores, 
or sexually, by the fertilisation 
of an odgone by motile a ntliero- 
zoids, through the agency of a 
peculiar tube known as a trichoijpne, a forecast of the mor*e com- 
plicated process which we shall presently meet with in the Floridea? 
or Rhodospermea^, the highest class of Algje. 

Among the liighest of the Algjc in regard to the complexity of 
their generative appara tus, which contrasts sti ongly with the general 
simplicity of their structure, is the family of CharaceSB,*'^ some 
members of which have receix ed a large amount of attention fr'om 
microscopists on account of the interesting phenoi^ena they exhibit. 
These plants are for the most part inhabitants of fresh waters, 
and are found rather in such as are still than in those which 
are in motion ; a few species, however, may be met with in 
ditches whose waters are rendered salt by communication with the 
seii. They may be easily gi'own for the purposes of observation in 

1 Sirodot, Les Batraclios'permeesj fo. 1884. 

^ [Many of the best authorities regard the Characecc, in consequence of their 
mode of reproduction, as a group of primary character, of equal rank with the Algae, 
and superior to them in organisation. --Ed.] 
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large glass jars ex[){)se(l to the light, all tliat is necessary being to 
pour off the water (xjcasionally from the upper part of the vessel 
(thus carrying away a film that is apt to form on its surface), and 
to re]>hu^e this by fresh water. Each plant is composed of an 
assemblage of long tubiform cells placed end to end, with a distinct 
central axis, around which the branches are disposed at intervals 
with great regularity (fig. 4.*14, A). In Nitdla the stem and 
branches are composed of simple cells, vvdiich sometimes attain 
the lengtli of stweral inches ; whilst in most species of Chara each 
central tube is surrounded by an envelope of smaller ones, whicdi is 
formed as in BfUrachoaj^ermum, sjive that the investing cells grow 
upwards as well as downwards finm each node, and meet each other 
on the stem ludfway between the nodes, their ends (h)vetailing 
into one another. These investing tubes constitute what is terme<l 
the ^ cortex ’ of CAr^m. They are of smaller diameter than the central 
tube, and are tirninged spirally round it, giving the stem a twisted 
appearance. Ejtch ‘ node,’ or zone fnjiu which the branches spring, 
consists of a single plate or layer of small cells, which, in C}tara, are 
a continuation of the cortical layer of the ‘ internode.’ The branches 
are altogether similar in structur(‘ to the ])rimary axis, and 
bu’ininate in a. large elongated pointed cell, whicli is not covered by 
the cortex. From the lower part of the stem ‘rhizoids’ or rooting 
filaments are put out, which attach the jdaiit to the soil. Home 
species have the power of secreting carbonate^ of lime from the 
water in which th(‘y grow, if this be at all impregnated with 
C4il(iareous matter ; and by the deposition of it beneath their tegu- 
ment they have gained their popular name of ‘ stoneworts.’ The 
long tubiform cells of yitelUi, and the terminal uncorticated cells of 
the branches of Chara, aftbrd a very beautiful and instructive display 
of the phenomenon of cydosis, or rotation of protoplasm in their 
interior. Ejich cell, in the healthy state, is lined by a layer of 
chlorophyll grains, which cover every part, except two longitudinal 
lines that remain nearly colourless (fig. 434, B) ; and a constant 
stream of semi-fluid protoplasm, containing starch grains and 
chlorophyll granules, is seen to flow over the green layer, the 
current passing up one side, changing its direction at the extremity, 
and flowing down the other side, the ascending and descending 
spaces being bounded by the transparent lines just mentioned. In 
the young cells the robition may be seen before this granulai* 
lining is formed. The rate of the movement i.s affected by anything 
that influences the vital activity of the plant ; thus it is accelerated 
by moderate waripth, whilst it is retarded by cohl ; and it may be 
at once checked by a slight electric discharge thi’ough the plant. 
Carried along by the protoplasmic sti*eam are a, number of solid 
particles, which consist of staichy inattei*, and are of various sizes, 
being sometimes very small and of definite figure, whilst in other 
instances they are seen as large irregular masses, which appear to 
be formed by the aggregation of the smallei* particles. The produc- 
tion of new cells for the extension of the stem or branches, or for 
the origination of new whorls, is not here accomplished by the 
subdivision of the parent-cell, but takes place by the method of out- 
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growth (fig. 4.*U, B, A), which, as already shown, is nothing 

but a modifittition of the usual process of cell-iuulti[>lication ; in 
tliis manner the extension of the individual plant is eftected with 
considerable rapidity. When these ])lants are well supplied with 
nutriment, and are actively vegehiting under the influence of light, 
warmth, etc., they not amfreqiiently <levelop ‘bulbils/ which are 
little clusters of cells, filled with stjir<‘h, that sprout from the sides 
of tlie central axis, ami then, falling f)ft* evolve the hmg tubiform 
cells characteiistic of the plant from which they were prtxluced. 
'fhere are also several other non-sexual ways in which these plants 


A II 



Fid, 4114. -NiirU<( /ird'ilis: A, Stem and br.uu'lu's of th«^ natural size . our 

wlioi-ls of bi'anclies issuing from the stem; e, /, subdiM.sion of tlie hranchcH. 
B, Portion of the stem and bramdies enlarged . c, /y, joints of stem; e, d, whorls ; 
r, /, new cells, sprouting from the sides of the branches , y/, new cells sprouting 
at the extremities of the branches. 

nrt‘ lejiroduced, but they are peculiar among cryptogams in not 
[ii-odncing true spores, either stationary or motile. Tlie Characem 
may be multiplied by artificial subdivision, tlie separated parts 
continuing to gi'ow under favourable circumstances, and gradually 
developing themselves into the typical form. 

Tlie generative apparatus of Cfumicea^ consivsts of two sets of 
bodies, both of which grow at the bases of the branches (fig. 4.‘ir>, 
A , B), eithei* on the .same or on different individuals ; one set, 
formerly known as ‘ globules,’ are really anthorills ; w hilst the 
other, known as ‘ nucules,’ contain the oospheres, and are true 
obgones or arcliegones. The globules, which are nearly spherical, 

r p 
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an<l often of a In ight led colour, luivo an envelope made up of ei^lit 
triangular [dates or ‘shielrls’ (B, C), often curiously marked, which 
encloses a central jK»rtion of a liglit reddish colrair ; this central 
|H>rtion is [u incipally com[)ose<l of a mass of filaments rolled up 
com[Mictly together. Piom tlie centre of the inner fac(f of each 
shi(*hl a cvlindrical cell termed a waiiuhviitm projjH’ts inv\ aids nearly 
to the centre* of the sjdier**. antherid is su])ported on a shoi t 



1:55. (Jeiu'i'iitiw oixiviis of Ch’iKt fnufilis A, UMtliond or jjlohulo (lt"Vfloj>ed 
II L th« bast* of aivhogtmt* or luit iilf; 13 , iuuhiU' t'olarj^od, and ^jlohule Kiid open by 
the ‘Reparation of its valv<*s; C\ oiio of the witli its j^rou)» of antherulial 

fitainenis oaeh eonaiost'd of a linear senes of cells, within e\erj one of which an 
antliero/.oid i« formed , in 1), E, and E the suceessiNe stages of this formation are 
seen; and at G is slnnvn tlie i‘scap«* of the inatiire antlieio/onls, H. 


tlask-slm[)ed [tedicel, \n liicli also projects into the interior. At the 
ajiex of each of the eight mamdiria is a roundish hyaline cell, called 
a ca jtiitdmn, and at the a[H*x of each capitulum six smaller cells or 
‘ s(*coudarv eapitula.* From the eentre of each of these secondary 
ca[»itida grow four long yN lup-sha[)i'd tilaments (C), constituting the 
mass already refen ed to. The number of tla*st* tilaments in etich 
antherid is about 200, and each of these tilaments divides by 
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ti-iinsverse sej)ta into from 1(H) to ‘200 small flisr-shajHHl cells, which 
miml)er, therefore, from 20,000 to 40,000 in each nntheri<l. In 
ev ery one of these o(*lls thmv is formcil, by a ^raOual change in its 
contents (the siu*cessive stages of which are seen at 1>, E, F), an 
antlierozoiO, a spiral thread t)f protoplasm consisting of two or three 
coils, which, at first motionless, after a time begins to move and 
revolve within the ct‘ll, ami at last the cell-wall ^ives way, and the 
spij-al tbreatl makes its escape ((»). partially strai^ht»ais itself, and 
moves actively throu^di the water for sonu* time (11) in a tolerably 
detei-minati* dii‘ecti<m, by the lashin^jf aetiiai of two lt)nj^ and v'ery 
delicate cilia with which it is furnished. Fla^ (‘\terior of th(‘ nuciih* 
(A. 11) is forim‘d by five or t«‘n spii-ally twisted tn)>i‘s that ^ive it a 
\ (^‘ly j>eculiar aspect.; and these iau‘h)sc a central sac (‘ontainin^ 
pi()to])lasin, nil, aiid starch ^••rain‘^. Ea(‘h of tlu‘sc tnlu's consists, in 
Its lower part, of a very hai^ iiuse^nuaiti'd ctdl ; whih* at. its \ipper 
p.ii*t two small c*ells ai*t‘ se^oiientt‘<l off; and thivsi* small <‘ells of all 
the tubes form to;.(et]icr the ‘ crow n ’ of tla‘ nucule. NVluai ready 
for fcrtilisiit ion the branches of the crown part sli»ifhtl\, forming an 
open pass;i^(* or ‘ nt‘ck <lown t(> tla* central ^(‘rm-ccdl or o<is[)here ; 
ami throui^h this canal th<‘ antlaaozoids mak(‘ theii' way down to 
p(*rform the act of fertdis;ition by b(‘comin^ absorlxMl into tlu* 
suhstanc(‘ <tf the o<tsphere. Idtnnately tin* nucule, which has now 
liecome a hard black lualv, falls off, and the feitilised ^n*i’m-(;(‘ll, or 
o( ►spore, ^iv (*s ori^dn to a new plant at*t<*r t he niicn](* has I’mnained 
tlormant through the winter.* 

.\mon^ those simple A l^^•e whos(‘ ^(*m*rative process consists in 
the ‘ con ju^^ation ’ of two similar <*ells, ther(* are two groups of su(‘h 
peculiar interest to the micro.scojiist as to m*ed a sp(‘cial notice; 
these are the id'Hn'Ptv and the Diaioinumr. Jloth r»f them 

were rankl'd by Ehrcnber^ and some other naturalist.s as animal* 
cnles ; l)ut the fuller knowledge of their life-history and thi* more 
extemled acipiaintance with the parallel histories of other simjd(‘ 
forms of vep'tat ion which have been gained dnriiijLT the last twenty 
vears, are now i^enerally accepted as decisive' of their v(*^^*table 
naturi*. 

The Desmidiacese are minute plants of a bl ight ;>reen colour 
jLjfrowin^ in fresh water ; ^enerallv speaking, the cells are indt' 
pendent of (‘ach other (ti'^s. 4.*h» 4‘>h) ; but sometimes those wliiidi 

‘ A full lU'oouiit of ih<* (Itomnu will \h‘ found in Prof SiM'Iihh Trjcf-lUxtK oj 
Jiottnn/, ‘ir.d Englisli odilion, p ‘itri, Vjiiiouh obsorvors ba\«' asHorted that partn loa 
of thr piotoplasmic contents <d the cells of the ('h(f r(irr(f\ ^^he^ free by the 
rupture of their cells, imiy continue tolue, move, .ind ^row as independent rliizopodH 
J5ut the inter is dispoH«'d to thinh tliat the phenomena tlius K'presented are rather 
to he regarded as eases of parasitism, tlie de< ayinf.C cellsof Nifrflo having bc*eji found 
by Cienkowski {lipifrngc „nr Krnuiniss dn- Mtmadt'n, in Arch, f Mtkr. Anat. Bd i 
istio, p. ‘JOtj! to be inhabited b> minute, spiiidle-shaptni, ciliated bodies, which seem 
to corresjKnid with the ‘ spores ’ of the MifXiitnyt efes^^oxwy' through an aniodioid stage, 
and then producing a jdanmodc wliu'h, after undergoing a sort of encysting process, 
tinally breaks up into spiiidle-shaiied particles resembling tiiose found m the Ni fella 
cells. 

" Our first accurate knowledge of this group dates from the publication of Mr. 
Ralfs’h admirable monograph of the British Desmids m 1H48. Lat«*r information in 
regard to it will he found in the s<jctiou contributed by Mr. W. Archer to the fourth 
edition of Pritchard's lufusoi la, and in Cooke’s British IJcsnnds, 18^>7. 

V P 2 



580 MICROSCOPIC FORMS OF VKOETARI.K LIFE — TIIALLOPIIYTES 


hiive Ih'pii produccMl by binary .subdivision from a singb* parent- 
cell rcnnnin adherent one to another in linear series, so as to form a 
filament (fi^. 440 ; Plate IX, tig, R). 'Limy are distingni.slied ly two 
peculiar features, one of these being tlie semblance of a divishm 
of each cell into two symmetric^d halves by a ‘sutural line,’ which 
is sometimes .so decided as to have led to the belief that the cell 
is really double (Plate VI 11, figs. 2, 6), though in other cases 
it is merely indicated by a slight notch ; the otJier feature is the 
frequ(‘nc\ of jirojections from tla* surface, which ai*e sometimes 
short and inconspicuous, but are often (‘longated into spines 
(Plat(‘ A^llJ, fig. 6), ])re.senting a veiy sxmmetrical arrangement. 
These [»roJ(‘ctions aie generally foiiiasl by the cellulose envelojie 
alone, w4iich jiossesses an almost horny consistence*, so as to retain 
its form after the dis(*harge of its c‘(mtents (fio. 4*h), 11, D) ; while, in 
othei* instances, they are fornu'd by a iiot('hing of flu* mai'gin of 
tlu* cell (lMat(‘ IX, fig. I), which may afh‘ct only the outer casing, or 
may ext(*nd intr) the cell -cavity. The outer coat is surioniided by a 
wry transpar(*nt sh(H*t of gelatinous substanci*, ulii<*h is soim*tim(‘s 
wry distinct (as shown in fig. 440 ; Plate IX. tig. (>) ; but in 
other cases its e.xi.stence is only indicate<l by its preventing the con- 
tact of the cells. Kh*bs states' that in hesmids. as in the other 
< this mucilaginous sheath is composed of tw'o jiortions —a 
honiog(‘neous substance which is but slightly refringiait, and a por- 
tion which consists of minub* i*ods at right angles to the c(‘ll-w'all. 
lie regards the sheath as entirely ind(‘p(‘mlent of the substance of 
the (;t*ll“W’all, and ns derived from the jirotoplasmii* contents of the 
cell by difiiision through tiu* cell wall. The ti ne ctdl-wall encloses 
a j)arietal utricle, which is not ahvays elosel\ a<lherent to it; and 
this immediately surrounds the endochronie. which occupies nearly 
the w’h(>le interior of the cell, and in certain stages of its growth is 
found to contain starch granuh‘s. Tin* endnehrome and starch 
grains ar(‘ arranged symim*trically in tlu* two halves of the cell, 
often in wry beautiful [patterns, such as bamls or stars. 

Man\ species of desmids Iia\e a ])ower of slow’ movement in tlu* 
water, the cause of which is not ob\ ions, these organisms being 
entirely destitute of vibratile cilia. Klebs - describes this movement 
as lH‘ing of four kinds, viz.: — (1) a forwartl movement on tlu* 
surface, one <*nd of tlu* cell touching the bottcmi, while tlu* other eiul 
is more or less <*leyated, and oscillates backwards and forwards; 
(2) an elevatic'ii in a direction vertical to the substratum, the free 
(*nd making wide circulai* movements; (R) a (‘ircular motion, 
followed by an alternate sinking of the free end and elevation of 
the other end ; ami (4) an obliijne elevation so tliat hoth emls 
touch the bottom, lateral luov^ements in this position, then an ele- 
vation and circular motion of one end, and a sinking again to an 
oblique or hoi’izontal position. Klebs regards all these movements 
as due to an exudation of mucilage, and the first two the forma- 
tion during the motions of a filament of mucilage by which tlie 
desmid is temporarily atbiclied to the hottom. and which gradually 

' Vnter8U('}i}(n(feu afis dent Hot. Inst Thhntf/rn, IssO, p 888, 

- Biologtsches Cvutndblatfy 1885, p. 8.'>;J 
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lengthens. The movements of ilesmitls are eNj)ecially aetive wIkmi 
they are in the process of ilividijig. found that, likt' tlie movi‘- 

ments of zoosjnae.s, they are atlec*ted hy light, and always move 
towards the light. 

A • cyolosis ' may he rea<lily observed in many BesiHirliacea , 
and is particadarly obvious along the convex and concave edges <d‘ 
the cell of any vigorous specimen of Closteritnn, with a magnifying 
power of 2o0 or 300 diameters (fig. 4*h), A, H). lly careful focus- 
sing the How may be seen in broa<l .streams over the w'hoh‘ surface 
of the end(H*hrome ; and these streams debich and carry w ith them, 
from time to time, little oval or globular hodi<‘s (A./>) which are put 
forth from it, and are carried by the coui-se of the flow' to tiu' trans- 
parent spaces at the exti'emities, w'here they join a crowd of similar 
l»odi(*s. In (\icli of these spaces (H) a pi*otoj)lasmic iiow jn-oceeds 
from th(‘ soimwshat abi-upt tei*mination of tla^ endochrome towards 
tljeobtus(* end of tin* cell (as indicated by tin* interioi* ai'row’s). 



-JJJij - — ( 'v ( loHi^ 111 ( 'losfrrt K //I h( u iihi A, <‘<>11 sliou ••cntral si'paraijoji at c, 
ai the lar^'c particles, .iic not M*eii ; B, one extrcinity calar^'cd, show 

tlu* nio\ciiiciit of paitKl<*H ni tlie colourless space ; 1), tell in a state of ilivision 

and tin* glolades it (*outains aie k(*jit in a sort of twisting mo\'(anc*ut 
on the Innti' side (ft) of the ]>arietal utricle (ltln*r currents arc* 
seen a[)pnrentlv external to it, which foian thr(*e or four distinct 
courses of })arti(*les. passing towards ainl away from r (as indicated 
by the outer arrfiws). Anotln*r cui'ious movement is oft(*n to be 
w itnessed in tin* interior of tin* cells of nn*mbeis of tliis family, 
wdiich lias been <lescrib(*d as ‘ the swarming of the granules,' from 
the extraordinary resemblanci* whicli tin*, mass of particU*s in activi* 
vibratory motion hears to a sw’arm of bees. Jt is esjiecially 
observable in tbe byalim* terminal portions of the cells of spt*(a(H of 
( 'lofiteriuni, as shown in tig. 430, 13. Tliis motion continues foi* 
some time after the particles liave been exjielled by pr(*ssure from 
the interior of the cell ; and it appears to he an active form of tin* 
molecular movement common to other minute particles fre<‘ly sus 
jK*inled in fluid. Tliis movement of minute ]>ai'ticles aftbisls an 
instance of tlie phenomenon known as ‘Brownian movement,’ and 
is probably of a pui ely mechanical nature. 
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Wlifjii single cell 1ms come to its full niatiiritv it coninionly 
multiplies itself Ly />i//rcy 7 / ; but the plan on which this 
takes place is often j)ecnliarly modifiecl, so as to iiiainLun the 
symmetry characteristic of the tribe. Jn a cell of the siiiiph* 
cylindrical form of those J)e8mldm7ii (fig. 440), little more is 
necessjiry than the separation of the twi) halves at the sutural line, 
and the formation of a partition between them by the infolding of 
the primordial utricle ; in this manner, out of the lowest cell of the 
filament A, a double c(41, H, is produ<*ed. l>ut it will })e observed 
that each of the simple cells has a bifid uart-like ]>rojection of tlu* 
cellulose wall on (dther side, and that tlu* half of this projection, 
which has been apju-opriated by each f>fthe two new cells, is itself 
becoming bifid, though not symmetrically ; in pi*ocess of time, how' 
ever, tlui increas<'<l dev(‘!o[>ment of the sides of the cells which re- 
main in contiguity with i‘ach other brings u]> the smaller jirojections 
t(» the dimtaisions of tlu* larger, and the symmetry of the cells is 
r<*stored. In (jloHtenidih (fig. ; Plat(‘ IX, fig. ‘2) the two halves of 
the endochrome first retreat from one a notlu*r at the sutural lim»,and 
a constriction takes plac(‘ rouiul tla* cellulose wall; this constriction 
dee[)ens until it iHK’omes an hourglass liki* contraction, which pro- 
cimds until tlu* cellulose wall <‘ntirelv clos<*s round the primordial 
utrick^ of t he two segments ; in this state one halfcommoidy remains 
passive, whilsf, the other has a motion from side to side, which 
gradually becomes more active* ; ami at last one segment (juits the 
other with a sort of jerk. At this tiuu* a constriction is seen across 
the middh* of the primoi’dial utricle of (*ach segment, indicating tlu* 
formation of tlu* sutural band ; but there is no <li\ ision of the cell- 
cavity, which is that belonging to one of the hal\ es of the original 
(‘iitire c(*II, The cyclosis, for soiiu^ hoins j)reviously to subdivision, 
and for a f<‘W luiurs afterwards, runs (piitt* round tlu* obtuse end. e, 
of tlui (‘iul(»chrome ; hut gradually a transparent space is formed, 
like that at the o])j)osite t‘xtremity, by tlu* retreat of the colouri‘d 
layer; whilst at the same time its obtuse form becomes changed to 
a moi’e elongated and contracteil shape. Thus, in five or six hours 
after the separation, tlu* aspect of each extremity lK*comes the s,ime, 
and t*acli half resemhh*s the c('ll by the division of whi(*h it 
o!-iginatt*d. 

The process is .s(*en to be pt*i*formed aftei* neai ly the same method 
in Stiiurastram , tlu* <livision taking place across the central con- 
striction, and each half gradually ac(pnring the symmetry of the 
original. In such forms as Cosinarimn, howevei*, in which the (*<*11 
consists of two lobes united togetlu*!* by a nairow isthmus, the<livi- 
sion takes place after a difterent method ; for when the two halves 
of the outer wall se})arate at the sutural line, a semi-glohular [irotru- 
sion of the (*nd(K‘hrome is put forth from each half; these protru- 
sions are separated from each other and from the two lialves of the 
original cell (which their interposition carries ajiart) by a naivow 
nock ; and they progressively increase until they assume the appear- 
ance of the half-segments of the original eell. In this sLite, there- 
fore, the plant consists of a i*ow of four segments lying end to end, 
the tw'o old ones forming the extremes, and the two new' ones (which 
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<lo not iLsually at*quire tlie full size or the charaeteristie markings of 
the original before the division oceiirs) occupying the intermediate 
place. At last the centi'al fission bt‘comes coui})lete, and two bi* 
}Mirtite fronds are formed, each having one old and one young seg- 
ment ; the young segment, however, soon acipiires the full size and 
chamcteristic asjx?c*t of the old one ; and the siime process, the 
whole of which may bike place within twenty-four hours, is rejieated 
ere long. The same general plan is followeil in }[ia'<i8teyia8 ; but 
as the small hyaline liemisphere, put forth in the fii*st instance from 
each half-cell (fig. 4^17. A), enlarges with the flovving in of the endo- 


ABC 



Fi(’r 487. Suctt"ssi\e stagch of binary Bubdivibion of Mivnisfv} inn denticulata. 

ehrome, it undergoes pi-ogressive subdivision at its edges, first into 
three lol>es (B), then into five (U), then into seven (1)), then into 
thirteen (E), and finally at the time of its si^paration (F) acquires 
the chanicteristic notched outline of its type, being only distinguish- 
al)le from the older half by its smaller size. Tlie wliole of tliis 
process may take place within three hours and a half. In 
SpJtcerozosma the cells thus produced remain connected in rows 
within a gelatinous sheath, like those of Desmidium (fig. 440) ; 
and ilifterent sbiges of the process may commonly be observed in 
the diflferent pu ts of any one of the filaments thus formed. In any 



'58^ MICROSCOPIC FORMS OF VEOETABLE LIFE— THALLOPHYTEs 

siicli filament it is obvious tlmt the two oldest segments are found at 
its opposite extremities, and that eac;h subdivision of the inter- 
mediate veils must carry them feirther and farthei* from each oth«n-. 
'Phis is a very different mode of increjise from that of the Cotiferracptv^ 
in which commonly the terminal cell alone undergoes subdixision, 
and is consecpiently the one last foi rned. 

The sexual generative process in the Demiidkweip , which occurs 
l)ut rarely compared vvitli that of binary division, always consists of 
an act of ‘conjugation.’ It commences with the dehiscence of the 
firm external envelope of (»ach of the conjugating cells, so as to 
separate it into two valves (fig. 438, C, I); fig. 439, C). Tlie 
(nmtents of each cell thus set free without any distinct investment 
blend with those of tlie otlier ; and a zijijospore is forinial by theii* 
union, which soon acipiires a truly cellulose envelojieJ This <‘nve- 

lojie is at first very delicate, and 
is fillcil with green and granulai- 
consults; by degi*(*(*s the envidope 
accpiires increased thickness, and 
its contents becona^ brown or real 
Ultimatidy the envelojie becomes 
<liflerentiat(‘d into thi’e(* layers, of 
which the inmu’inost and outer 
most are colourless, whih* the 
middle one is firmer and brown. 
The outm* surfsu*e is sometinn^s 
smooth, as in ( dosterhmi and its 
allies (fig. 439 ; Plate IX, tig. 8) ; 
hnt in (fosmarheut it becomes 
granular, tubereulated, or spinous 
(fig. 438, 1); Plate V^ILl, tigs. 1, 
4), the spines Ixdng sonadinu's 
simph' and soimdimes foihed at 
their extremities. The modt‘ in 
wliieb eonjugation takes placi^ in 
the filamentous species coir^titut- 
ing the Deamidlecv proper is, how 
t‘ver, in many respects ditfermit. The filaments first separatt* into 
their eomponent joints, and wdien two eells approach in (jonjugjition, 
the outer cell-wall of eaeli s])lits or gjipes at that part wliich adjoins 
the other cell, and a luwv growth takes plact^ wdiich fia ins a sort of con- 
ueeting-tube that unites the cavities of the two eells (fig. 440, I), E). 
Through this tube the entire eiidoehrome of one cell pas.ses over 
into the eAvity of the other (I)); and the two are commingled so 
to form a single mass (E), as is the case in many of the (^onyajaUv. 
'fhe joint which (*ontains the zygospore can scarcely be di.stingiiished 
at first (aftei* the separation of the empty cell), save by the greater 
density of its contents; but the projier coats of the zygospoiv 
gradually become more distinct, and the enveloping cell-wall disa])- 
pears. 

‘ In certain species of Closteriiim^ as in many of the Diatomacra’^ the* act of 
conjugation gives origin to two zygospores. 



4a8 t'onjngatioii of (U)stn<trn(in 
botrytis. A, mature cell; R, enijity 
cell-envelope ; (\ transverse view ; 
1), zygospore with emjity cell enve- 
lopes. 
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Tlie siil»se(|iieiit history of the zy^^o.s|Mn‘e 1ms been followetl out 
in tile case of Cosmarium hotrijtis. After remaining at rest for a 
considerable time, it germinates by the b\irsting of the two outer 
<*oats, the protoplasmic contents escaping while still enclosed in the 
innermost coat. In this body the proto]>lasm and endochrome are 
already divided into two halve.s, which contract somewhat, ami the 
whole beconm.s enveloped in a iieA\ cell -wall. A constriction has, 
in the meantime, made its appearance between the two halves, 
which are of somewhat une<jiial size, and thus tin' nt'w desmid is 
foianed. 

The subdivision of this family into genera, according to the 
method ot ]Mr. llalfs (‘ llritish 1 )esmi<liea* ’), as modified by Mr. 
Archer (Pritchard’s ‘ Infusoria ’), is liased in the first instance U]>on 
the connection or disconnection of the individual cells, two groups 
being thus formed, of which one includes all the genera whose cells, 
when multiplied by binary tlivision, remain unite<l into an elongati'd 
filament ; whilst the 


other and much larger 
one compi'ehemls all thosi' 
in whi(‘h tlu' c(‘lls beconu* 
s(‘pai*ated by the comph'- 
tion of the fission. The 
further division of tlu' 
filamentous group, in 
whi(;h the zygos[)ores are 
•always globular and 
smooth (Plate IX, fig. 8), 
is bas(‘d on tlu' fact that 
in oiKi set of genera the 
joints are many times 
longer than they ai*e 
hroad, and that they are 
neither constricted nor 
furni.shed with lateral 
teeth or jirojections ; 
whilst ill the other set 



4aa, C’oiijiij;ation of Closin lum i>t riolotu m . 
A, oidiiuiry cell ; B, empty cell ; C, two cellw in 
« oiijupitioii, witii zygOHpore. 


(fig. 440; Plate IX, fig. il) the length and hiamdth of each 
joint are nearly equal, and the joints are nioi*e or less (;on- 
stricted, or have lateral teeth or projecting angles, or some otlu'r 
figure ; and it is for the most part ujion the vai-iations in these last, 
particulars that the generic characters ure based. The solitary 
gi'oup presents a similar basis for }irimary division in the marked 
difference in the proportions of its cells, such elongated forms as 
(Hosierhnn (figs. 4‘f6, 4di) ; Plate IX, fig. 2), in which the length is 
many times the breadth, being thus sepirated from those in which, 
as in Micra^teria^ (fig. 4^17 ; Plate IX, fig. 1), (Ujsinai'itnn (fig. 438 ; 
Plate VIII, fig. 2), and StauraHtt'Kiu (Plate V’^III ; figs. 5, (5, 10), 
the breiidth more nearly equals the length. In the former the 
zygospores are smooth, w hilst in the latter they are \ ery commoidy 
spinous (Plate VIII. figs. 1, 4) and are sometimes (prulrate. In this 
group the chief secondary characters are derived from the degree of 
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supply. 1 f tlie l>ottleR l>e freely exj>ose<l to solar light, these little 
plants will floui'ish, apparently as well as in their native |k>o1s ; aiul 
their vaiious phases of niultiplieation and re])i*odu<*tion may he 
observed during successive months or e\'en years. If the [x>ols be 
too deep for the use of the hand and the scoop, a collecting-bottle 
attiiched to a stick may be employe<l in its stea<l. The ring-net 
may also be advantageously employed, especially if it be so con- 
structed as to allow of the ready substitution of one pit‘ct‘ of muslin 
for another. For, by using several pieces of previously wetted 
muslin in succes.sion, a large number of these minute organisms 
may be separated from the water; the pieces of muslin may be 
brought home folded up in wi<le-mouthe<l bottles, either separately 
or several in one, according as the organisii\s are obtained from one 
or from seseral waters ; ami they are then to be o])ened out in jars 
»)f filtere<l i‘iv«‘r ^^ater and exposed to the light, when the desmids 
will detach tliemselves. 

The Diatomaceae or Bacillariacese, like tin* Ih'smidiacea*, are 
simple cells, having a firm external coating, within u Inch is included 
an endochrome whose superficial layer constitutes a ' parietal 
utricle,’ but th(‘ir external coat is consolidated by sile.r^ tlie [)!•('- 
serice of which is one of the most distinctive characters of the 
group, ami gives l iso to tin* [)eculiar su r face- mai kings of its membm’s. 
It has b(*eu thought by soim* that the solidifying mineral forms a 
distinct lay(‘r exiuh'd from the (‘xterior of tin* c(‘llulose uall; but 
then* seems good reason f(u* i-egarding that wall as itself inti*r- 
[)enetrated by the silex, sinct* a membrant* bearing tin* characteristic 
surface-markings is found to rt'inain after its rc'inoval by hydro- 
fluoric acid. The endochronu* of diatoms consists, as in other 
[dants. of a \ iscid [)r()to})lasm, in which float the gramdes of 
colouring matter. In the ordinary condition of the cell these 
granules are diffused through it with tolerable uniformity, exc(*pt 
in the central spot, which is occupi<*d by a infclens ; round tin's 
nucleus they commonly foi*m a ring, from which radiating lines of 
granules may be seen to diverge into the cell-cavity. Instead of 
being bright green, however, the endochrome is a, yellowish brown. 
The inineipal colouring substance appears to b(^ a modification of 
ordinary chlorophyll ; it takes a giH‘en or greenish-blue tint with 
sul})hui’ie acid, and often assumes tliis hm* in drying; but with it is 
combined in greater or le.ss propoi-tion a yidlow colouring mattei* 
termed (Uc(t07/iui, which is very unstable in the light and fades in 
drying. At certain times, oil-globules are observable in the 
protoplasm : these* seem to re‘preseiit the star(‘h -granules of the 
I)esmidiacea and the oil-globules of other pi'otophytes. A distinct 
movement of the granular particles of the emlochrome, closely 
resembling the* cvclosis of the DesmUllftce(t\ has been noticed by 
Professor W. Smith in some of the larger species of Diatoiuacem. 
such as Strrh'elld hiseilata^ ^Vitzschia scalar is, and ( Uiinpplodisctcs 
spiralis, i\m\ by Professor Max Schultze in BkUlalplda. 

ami Rhizosolenia but this movement, has not the regularity so 
remarkable in the preceding group. 

The name of the class is derived from the ease with which the 
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parts separate freni other. Tliis is well seen in tlie genns 

Diatoma^ formed of rectangnlar individual frmtnles, wliere th(* 
arrangement resulting from tlie prineiph‘ of lateral union causes 
them to develop into filaments or zigzag cliains, the frustules remain- 
ing perfectly distinct, and united only hy a small isthmus or cushion 
at the angles. A similar cohesion at the angles is seen in the allieil 
genus (ilrmnmatophoni (fig. 452), in Isthmia (fig. 457), and in many 
other <liatonis; in liiddolphla (fig. 445) there t^ven seems to be a 
special o**gan of attachnnuit at these points. In some diatoms, 
however, the frustules ])rodiiced })y succes.sive acts of ]>inary sub<li- 
vision habitually remain cohm-ent ont‘ to another, and thus are pro- 
duced fihunents or clusters of \arious shaj)es. Thus it is obvious 
that wlnm each frustult* is a short cyliiuhn*, an aggrt^gation of such 
<‘ylinders, end to (Uid, must foi*ni a roun<le<l filament, as in MoX(m\r(i 
(fig. 444) ; and, vvhatt‘V'ei’ may be tl»e form of the siiltvs of the 
frustuh\s, if they b(‘ parallel one the other a Him'njht tilament 
will be j)roduce<l, as iii Achinaithrs (fig. 4G1). Jlut if, instead of 
being f)arallel, th(‘ si(h‘s somewhat inclimxl towards each othei*, 
a curved band will b(‘ th(‘ result ; this may not continue entire, 
but may so divider itself as to form fjin'sha[)ed (expansions, as those 
of Licino'phord. flahdhtia (fig. 450) ; or tlu‘ cohesion may b<^ sufficient 
to oc(iasion th(‘ baud to wind itsedf (as it were) round a c(*ntral axis, 
utkI thus to form, not nu'vely a cumplet(* circle, b\it a spiral of sevevid 
t\irns, as in }ferhH(nt rlrvdlare (fig. 44H). Many diatoms, again, 
possess a, or stalk-like a))])(‘udag(‘, by which aggiegations of 

irustuh's are attacduxl to other plants, or to stones, ])ieces of wood, 
Ac.; and this may be a simph' foot-hke appendage, as in Ar/ma/ft/iPs 
lotKjipes (fig. 4f)l), or it may lx* a composite })laiit-like structures as 
in Jjicmojdiont (tig. 450), (Unnphoitenid, (fig. 4fi2), and Mastoijloia 
(fig. 405). Little is known respecting the nature of tliis stipe ; it 
is, howt*vm‘, cpiite fl(‘xil)lcs and may bes conceived to be an extension 
of the cc*llulosc‘ coat, unconsolidated by silt*.\, analogous to the 
pi’olongations which Ir-n e bcxui seen in the* /)psftndiftre(t\ and to tin* 
filaineiits which .sometimes connect the cells of the Palmdlaceo\ 
Some diatoms, again, have* a mucous or gedatinous investment, whicL 
may ewen be so substantial that. thcMr frustules lie — as it were — in a 
bed of it, as in AfasUxjloia (figs. 41)5 H, 400), or may form a sort of 
tubular shc'ath to tliem, as in SchUoneixa (fig. 4(34). In a larg(‘ 
proportion of the grouj), liowevm-, the frustules are always met wdth 
cmtirely fre(\ neither remaining in the least degive coherent one to 
another after the process of binary subdivision has once been cjoin- 
pleted, noi* being in any way connc'cted, cdther by a sti 2 )e, or by a 
gelatinous investment. Tliis is the case, for example, with Tricera- 
tiitiu (fig. 442), Pleurost(/m<f (Plate 1, figs. 1, 2), Actinocijdus^ 
Actuwptychus (fig. 4(37), A rach noldiscus (Plate XTl), (Jainjiylodiscus 
(fig. ^r}A)^Surtrella (fig. 455), CoscumUscm{P\i\%i^ I^fig!^. 3, 4, fig. 455), 
Heliopelta^ and many others. The solitary discoidal forms, how ever, 
when obtained in their living state, are commonly found cohering 
to the surface of aquatic plants. 

We have now to c^xamiiie more minutely into the curious struc- 
ture of th(^ silicifuxl casing which enclost's iwery diatom-cell or 
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frustule and tlie presence of which imparts a peculiar interest to 
the group; not merely on account of tlie elaborately marked pattern 
which it often exhibits, but al>o thrtnigh the j)erpetuation of the 
minutest debiils of that pattern in the specimens obtained from 
fossilised deposits. Hhis silicilie<l causing is usually formed of two 
perfectly symmetrical valves united to one another by means of tw’o 
embracing rings which constitute tin* connecting zone or (jirdle^ and 
thus exactly represent a minute box which serves for the reproduc- 
tion of the species. This process is knoNv n as tlie encystment, and 
is not uncommon, especially amongst tlie Xavicnlea^ frustules being 
fre(piently found amongst tlu*m o]>en from tlu* separation of the two 
valves, showing the two rings covering each otlu‘r, as tlu* lid of a 
box may cover a [lortion of tlu* box itself. 

The following definitions of terms used in ilescribing the siliceous 
envelope of diatoms have been j)ro[H>sed by tlu* late eminent diato- 
niologist, Mr. J. Deby. Tlu* railiating lines (called by .some ‘ costa* ’ 
oi' ‘ caiialiculi ’) starting from the outer margin of tlu* valve, and 
converging towards tlu* intt'i ior of tlu* <lisc, are rays or marginal 
rays. They may be sinijile, which is most usual; or moniliform, 
/.<?. composed of a single or double row of ‘ beads ; ’ or infundibuliforiii, 
having the outline of a, funnel w ith a long outlet ; tlu* upper broad 
portion is the * funm*!,’ the slend(*r ])art the ‘ stem.’ Tlu* central 
])ortion of the valve inside the intc'rnal teianination of tlu* rays is 
till* r/m/ ; it may he smooth and hyaline, or it may lx* striati*, or 
sinijily iiuncbite or dott(‘d, tlu* dots forming regular lim‘s or els(* 
being irregularly scatter(*d. If this area b(*(*omes r(‘duc(*d to a 
median linear blank space, or to a sinpdi* (*l()ngated lini*, it is knowni 
as tlu* rapJir or psrudo-rajdte. 

!)r. (). Muller j)ropos(*s tlu* t(‘rm epithrca for tlu* ovc*rla]>ping 
half-cell of the <liatom, the underla[)ping lialf-cell being the /if//)0 
theca ; for the girdl(*-bands he ])ro])os<*s the term pleara\ 

In describing diatoms, the aspect in wdiich tlu* girdle is turn(*d 
towards the observer is known ;is tlu* ‘front’ or ‘giidle’ view ; that 
in which the surface of tlu* valve is turned towai'ds the ohserv(*r is 
tiie ‘side ’ or ‘ valve’ view. 

It is not correct to d<*signate tlu* line sliown in tlu* front view 
of tlu* out(*r ring as the line of * suture,’ since the satare is the line* 
of meeting bounding two surfaces placed on the same plane. Tlu* 
form r<*sulting, how{*V(*r, \ aries wiilely in difteient diatoms ; for 
sometimes each valve is hemisplu*rical, so that tlie cavity is globulai- ; 
sometimes it is a smaller segment of a sph(*r<‘ resembling a watch- 
glass, so that the cavity is lenticular ; sometimes the central portion 
is completely flattened and tlu* siiles abrujitly turiu*d uj>, so tliat tlu^ 
valve resembles the cover of a pill-box, in which ciusci the cavity w ill 
be cylindrical ; and these ami othei- varieties may co-exist with any 
modiflcatioris of the contour of the valves, which may be square, 
triangular (fig. 44‘2), heart-shaped (fig. 4o4, A) ,boat-shaped (fig. 

A), or very much elongated (tig. 449), and may be furnished (though 
this is rare among diatoms) with projecting outgrowths (figs. 458, 
459). Hence the .shape presented by the fru.stule differs completely 
with the aspect under wdiich it is seen. In all instances, the 
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frustule is considered to })reKent its ‘ fi*ont ' view when its line of 
meeting is turned townrds the eye, ns in fig. 453, B, C ; whilst its 
^ side ’ view is seen when the centre of either valve is directly 
beneath the eye (A). Although the two valves meet along the line 
of junction in those newly foimed frustules which have been just 
})r<3duced by binary sulxlivision (jis shown in fig. 445, A,*6), yet, as 
soon as they begin to undergo any increase, the valves separate from 
one another ; and by the silicification of the ('ell-membrane thus left 
exposed a pair of fujopn is formed, each of which is attfmhed by one 
edge to the adjac^ent valvii, wliile the othei* edge is free.^ As will 
1)6 presently explained, one of the valves is always older than the 
othei*; and the hoop of the older valve partly eiudoses that of the 
younger, just as the cover of a. pill-box surrounds the upper part of 
the >K)X itself.^ As the newly formed cell increases in length, 
separating the valves from one another, both hoops increase in 
breadth by additions to their free edges, and the outer hoop slides 
oft* the inner one, until there is often but a vtuy small ‘overlap.’ 
As growth and binary division are continually going on when the 
frustules ai*e in a healthy vig(3rous condition, it is rare to find a 
specnrmui in which the valves are not in some degr<‘e separated by 
the interposition of the hoops. 

The impermeability of the silicified casing seems to render neces- 
sary the existence of s^iec’ial a[)ertures through whicli the surrounding 
water may come into (‘oinmunication w ith the contents of the cell. 
Somt' have believed that tlu‘y have seen such ap<ntur(‘s along the 
so-called ‘ line of suture ’ of the disc-shaped diatoms, and at th(* extre- 
mities only of the elongatiHl forms. Ehrenberg, followed by Kiltzing, 
has inttu’preted as apertures <u* ostioles tlie central and terminal 
nodult‘s of the X<ivicttle(f,y ( J p and similar forms ; but this 
view is more generally regarded as incorrect. We have, in fact, no 
positive* deiiionstration of the (‘xistence of special apertures (‘ommuni- 
(‘ating between the outride and the inside of the cell ; and we ai e com- 
])elled to ha ve recourst*, on this p^int, to hy})()thesis. It is, however, 
(certain that the diat()m-(*ell is ahvaysc<3mpose(l of at least tw'o valves, 
between whicli the po.ssibility of such a communication must 
necessarily be admittixl, or at least the existen(*e of endosmotic and 
exosmotic currents in the liipiids. In the encysted forms we have 
ascertained also the existence of an interval between the two rings, 
although it may l)e very minute ; wdiile Xavictda Inis been some- 
times seen with the valves ai'tnally separated. 

^ [TIuh refers to tliose diatoms iu which the process of binary subdivision is 
possible; but this, as will be seen luesontly, is not the case in many genera. —Ed.] 

This was long since pointed out by Dr. Wallich in his important memoir on the 
‘ Development and Structure of the Diatom- val ve ’ (Tranaacf. of Mir rose. Soc. n.s. 
vol. viii. 1800, p. 120) ; but his observation seems not to have attracted the notice of 
diatomists, until in 1877 he called attention to it in a more explicit manner (Mon f /if i/ 
Microsc. Jourti. vol. xvii. p. 01). The corroctness of liis statement has been con- 
firmed by the distinguished American diatomist, Prof. W. Hamilton Smith ; but as it 
has been called in question by Mr. J. D. Cox (American Journal of Microscopy ^ 
vol. iii. 1878, p. 100), who asserts that in Isthmia. there are three hoops— -two 
attached to the two valves, and the third overlapping them both at their line of 
junction— the Author has himself made a very careful examination of a large series 
of specimens of Isthmia and Biddulphia, the result of which has fully satisfied him 
of the correctness of Dr. Wallich’s original description. 
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Tlie nature of the delicate markings with which lUmost evei*v 
diatom frustule is beset has been one of the most interesting in- 
4 uii*ies of the students of these forms since the introduction of tlie 
liomogeneous, and especially the aipochromatic, objectives; and it 
cannot be doubted that certain peciiliaidties of structure have been 
demonstiated which were never l^fore seen. In the present state 
of the theoi-y and pwwtice of microscopy it would be extremely 
unwise to give aV)solute adhesion to any present interpretiition of 
what is now held by some students of diatom structure of no mean 
repute and of unrivalled manipulative skill to be the absolute striu*- 
tiu e of some of the larger forms. 

Thus, concerning the group ( ^oscinodhcea^ representing the most 
beautiful of the discoid forms of the whole group of Diatomacece, we 
repi'esent in Plate I, fig. a photo-micrographic image of Cosci'iio- 
disctfs asterotiiphfdns magnified 110 diameters. Hut in fig. 441 
the areola' of this diatom are 
seen under gi*eat magnificjition 
with i*eceiit j)owers. It is 
contended that the diatom, 
although consisting of a single 
siliceous membrane, has a 
double strueture, viz. (‘oarse 
and fine areolatioiis, the latter 
within the formei* ; and then* 
appears little reason to doubt 
this. The coarse areolatioiis 
are for the most ])art circular 
in outline, and the intervening 
silex is thick. Inside these 
areolatioiis is an extremely 
delicate perforated membrane, 
the outer row of whose perfora- 
tions are larger than the rest. 

From the very <lelicacy of this 
membrane, and its consequent 
easy fracture, it is often want- 
ing. In Plate I, fig. 4, we present a, photo- microgiuph of the sjime 
object magnified 2,000 diameters. 

In Isthiula 7m*vo8a^ a side and front view of which are seen in 
fig. 457, a similar construction is discoverable. In this diatom the 
coarse areolatioiis are very large and the .silex corre-spondingly thick ; 
but the inner membrane is excessively thin and delicate. The per- 
foiations are large and irregular in shape around the maigin, but 
small and circular in the centre. In fig. 443 the form of areola- 
tions is shown, and a broken membrane seen, with the fracture 
passing through the perforations.^ 

Not less interesting is the beiiutiful form A idacodiscics Kittonii ; 
a photo-micrograph of this msignified 270 diameters is seen in Plate 
I, fig. 5 ; while a small poi*tion of the centre of a kindred form, 

^ Note on the finer structure of certain diatoms, E. M. Nelson and G. C. Karop, 
Journ. Quekett Club, vol. ii. ser. ii. p. 269, 



Fkj. 441. Magnification of * ultimate struc- 
ture’ of CosnuodiHcuH aHterom-phalm^ 
from a drawing by Messrs. Nelson and 
Karop {Journ. Qurlcott (Uuhj vol. ii. 
Her. li. p. 2(>9). 



5Q2 M[CliO,S< < >IM( i'’< »1LMS ( tK \'K<iKTAiJLE IJFE — THArJ>OI*fiA'rES 

J . 2. (♦<)() tinK*'', i> sliou ii in liu’. <> in tin* smiu* 

pliitn. 

Til*' ‘ lM‘:nI*'*r :ij»|>*';u';tn<-i' <*l' \ i> sn nni\'cr>;il in all 

iliox- wliinli lia\*‘ Immmi <‘Xanniu'<l. that it must !»*■ ifiiar*!*'*! as 
ciunnain to all diatnins. alt h<*niih llii> i> n*.t ynt al*si>liit*‘lv J)1 ov«m 1. 
Ihil, while it is adniitti-il that th*- heading’ of the \alv(‘s may he 
('(Uiniien to all (liatom>. it eannet lie I'e^^^a ithal as jinned that the 
siliei'ons en\ *‘h»|te is (•(»m jn)s***l ol uloljuhir part ides ot .>iile.\ ai'i aii^ed 



Ei(i. tl'i. Trlct'iuiflitni fa riis : A, sidi' view ; B, front view. 
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ill r(i^tllaf rows; while the xariety in the si/i* an<l a n-a Hiienieiit of 
t hes(‘ particles shows t h.d I he\' ai-e correlate*! with the \ ita1 pro 
cessi'S of the organisms, .aial allor*! charactei's foi’ the discrimination 
of th(‘ speed's. The natnr<‘ of th<*se crannies, t heir si/e, and the 
mode' in which they are .irranii*'*! h;i\'<‘ fnmi t he earlier da vs of micro- 
scojiy re'mh’iM'd diatoms ot‘ spe'cial vain*' as ' te'st olije'cts.' d’his 
;i pjx'a ra nee' has hal to t he Use'. *n spe'akine of dia t oins, of t he incorrect; 
tei'iiis ‘ I iM ns\ I'l'se, * loiiLjit ndina h or ‘oliliipie st ria*,' tlu'se* lu'ine in 
truth simply the inteawals which si'parat*' 
t lm honndarie's *>f th«‘ ’ heads.’ api'rtnres. or 
tJieii* <H]uivalent s, whatt'ser they mav ulti- 
mately prove to Im' ; ami this is ch'arlv seen 
wlu'ii they are ohseiwed with objective's of 
snliicii'nt numerieal api'rt un* and jirojior 
tional powi'r. /%‘fn'<tsi(iin<( (( u m is 
one of the most commonly em)»loy(*d test 
objects, ami at the' sanm time one of the most 
relialile, its r<‘markahie constancy renderinf>f 
it cspeci.illy \alual>le for this pnrjiose ; 
w hih'. on the contrary, d fuAlni'Ula 

is extremely \ariahle. and is, as it were, tlu' 
tornmnt of microscojie makers and rival 
not taki' into account the \ariahility of 
this type, foryet t in_e, in laet, that one A . /h'II ma\ he <'xtremelv 
tin*', and anotlu'r, ht'inj^' in truth ;i v.arii'lal form. ma\ Im‘ neaii\' as 
coarsi' as Xitrirnln r}nnnftnHh >i. d’he new a pochromat ic object iA t's, 
and the compt'usat iny eye piei-es. both for tlm I've ami for proji'ction. 
i'onstructed liy /eiss. »*l‘ .lena. have brought about such ju'oeress in 
micrography that the imai.;e of /f (nnftflfUfini apjieai’s to some mimis 
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PLATE X. 



Fleurosigma Angulatum. 

Magnified 4900 diams. 

1 10.11 ,1 Plio.o-Micrograph by Dr. R. Zeiss lakcn with the a in.m. Apochromatic Objective 
N. A. 1.30 an<i projection eyepiece 4. 


Collotype Ptg. Co., 282 High Holborn, VV.C. 
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to leave no doubt as to the details of its structure. If we closely 
examine the phottigmphic image of a portion of P. angulaUmiy pix)- 
<luced under a magnification of 4,800 diametei*s, and sliown in Plate 
X, taken from a photogiaph by Ilr. Zeiss, it will, in the majority of 
cases, leave |>eiha}>s little doubt tliat the valves are covered by the 
beads or apertures in a decussate arrangement. We have, in the 
judgment of Count CVrstracane, to do here with ‘ beads ’ and not with 
‘ cav'ities.' But, from the recent advances of our knowledge, this by no 
means follows ; they may with high proliability be considered jnn*- 
forations in the silex of the friistule. This is, indeed, placed almost 
in the form of a demonstration by tla^ interesting fact that Mr. 0. 
Ilaughton Call siKJcecdcd in fUllng up the ‘dots’ or * pearls’ of the 
ynviculce and the swondary markings of tlie discoid and other forms, 
M) }is to give evidence that the filling must be deposite<l in cav'ities. 
It IS done by soaking clean <liatoms in a solution of mihnitrate of 
iiu*rcury until their markings are filled with it ; tluui they are 
immersed in sulj»hid(‘ of ammonium ; a double decomposition takes 
}»Iace, by wliich black insoluble sulphide of mercury is jiroducod, and 
left in tht‘ minute ca\ ities in w hich it certainly app(*ars to he formed. 
By observing tlu* lines of fractuie, which always follow the interval 
la'tween tv\o rows of ‘ l)ea<ls,’ there will be much suggestion given to 
the observer on this subject. Count Ciustvjwane, referring to Plate 
X, lisked, ‘Would it have been jiossible to hav(‘ seen these pearl-like 
objects isolated, if, instead of beads, we had had apertures or depres- 
sions ? ’ We can only reply that misinterjiretation on such a subject 
is so possible tliat it is only by employing all the aids to inter])retation 
which ingenuity can])lace within our reiudi, that w’e I'an ev«‘r he certain 
a.s to our v’isual interpretation of the.se minute plumoimma. On the 
other hand, the areolated \alves of Triceratiain fuvus (fig. 442) present 
a line of fracture which traver.ses indifferently the hexagonal areolae 
jind the lines in relief wliicli connect tliein. 

Dr. Van Heurck has been able to employ the new’ lens made by 
Abbe, having a numerical aperture of l‘fi8, upon his special subject, 
the DmiouiaceAt' , lie concludes that diatom valves consist of two 
membranes or thin films and of an intermediate layer, the latter 
being pierced ndth openings. The outer membrane is delicate, and 
may be easily <lestroyed by acids, friction, and the several prexjesses 
of ‘ cleaning.’ When the oj^enings or apertures of this interior fK>rtion 
are arranged in alternate rows they assume the hexagonal form ; 
when in .straight rows then the openings are square or oblong. 

It is, however, due t/O Mr. T. F. Smith, who worked at this 
subject for yeai’s, to say that he long maintained this view, and 
Inis pi’esented skilful photo-micrographs in support of his contention. 
In jPlate I, fig. 1, we have a photograph of his, showing the tTiaide 
of a valve of P. angulatuni magnified 1,750 diameters, and ex- 
hibiting the ‘ postage -.stamp ’ fiacture ; while in fig. 2, in the same 
plate, we have the outside of P. angidatum^ showing a different 
structure ; and Mr. Smith has abundant evidence of the existence 
of what he has so long maintained. 

By using the new lens of the great aperture of 1*63, Dr. Van 
Heurck has produced some remarkable photo- micrographs, whic}| 
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rather confirm these o.-iicral mfeiences tluin |)re>(*!it any new daLi 
of knowledp* conceirnn;/ the lU liis ;,n'eat courtesy we 

have heen l‘.i\niii<‘<l Ultli :i | dint < »t \ } >•• pl.itc | »M‘| ».ti (*<1 l)\ 1 )i \ all 
IIenr<;k rmin In'-, own phni n uin i (»”i aidi-. .md tin* HM«|ni will he 
enabled to stiaK 1 1h >c in Ll.itr \ 1 , of u Inch a I'nll ih'script mn is ^rjvcn 
in tlui (*aj‘ll<*l’ pall n| I In', ticatl^r, ^IVlli^ (lcsci‘iptl( ills oi till* plates. 
Pie lias I'm i imi- (Miliaiieed t In* [»lat<* liy giving in fig. 7 a photo inici-o- 
grii]>h <tf Noherl s nmrtnriith hand. 

Diatoms, lik(‘ otlim- oiganisiiis ahc.idv descrilied, are reproduced 
hy conjugation, and mnltipl\ h\ antolis-.!on or division. Repro- 
duction is n6(;essarv to (wan v oigatiisin, while iiinll iplic.il ion hy 
fission belongs only to certain oi g.inic tv pes. In thei-ailv days of 
the study of ditifoins, it would appeal that ovrn that dist i ngnish(*d 
observer William Smith had at. least not. a clr.n idea of the cnev st- 
ing of the frn^iujr oi 
indiv idna 1 diatom, which 
implnss t hi‘ e\isteiic(‘ of 
the two valv(‘s and of 
the double girdle or 
zone <ir connecting ring 
projecting from each 
valve in a direction at 
light angh‘stoits planm 
llmicc*, nist(‘ad of lind- 
ing, asa result of lission, 
a ])r()gi(*ssiv(‘ diminu- 
t mn of the dianudm’ of 
t In* frn.stnh's, Mr Smith 
sjM'aks of their increase, 
of wliich he is unable to 
olfei ,in\' explanation, 
'rin* fart tliat in Melosira 

(fig. 444, A) 

and .1/ variam (fig. 
ill- I ’») lai g(' and small 
1 1 list nlcs are s{M*n unit (‘d 
in lovvs, ought to he siillicieiit to show th.it tln‘v are d(‘p(*ndent not 
onlv on hinaiv sid idi v ision. hut also on the spi'cial conditions of 
evolution ot tin* new trust uh*, h\ which it is ahh* to increase 
matenalh in si/e Thi . pow (‘r of diat ( mis to ('Xjiand tin'll silici'ous 
coatings has thereloie h(‘en (h'liied hv sonn*. who an* induced to 
mainlain (his neee.saiv eoiisiMpn'in'i* of the divisinii of enevsted 
iiiistules. \ 1/ tin* progn'ssive demeas(‘ m si/(‘ of the oung 
fiiisluh's. whnh would thus i (mcIi the smalloNt possihh* dinn*nsions. 
Phis has h‘d Dtit/ei ' to imagine that when diatoms have reached 
tin'll smallest possihh* dinu'iisnms hv 'epeati'd hinarv division, 
the process oi' conjugation t.ikes pkiet* htawri'n them, resulting 
in the formation of an ro/a-es-pe/v', eapalih* of H'producing two 
s|.M)i*angial frustuh's of eoiisiderahlv laiger si/c. vvlin'h would again 
give rise, hy tissioii, to a new scries of iliiniidslmiir frustules, 
' Untei '<iirii H N(/rn nber lUui n. Kni inckt hmq d( > JUii /Ihi > u n, Xyo Bonn, 1871. 



Melosini lunmn'^ 



PLATE XI. 


Fig. 1. Fig. 2. Fig. 8. 



Dr. H. Van Heurck» phot. Collotype Pig. Co., 282 High Holborn, VV.C. 

Test Objects for the Microscope. 

Objective by C. Zeiss, N.A. i Go; Eyepiece 12. Monochromatic illuminati )n by sunliglu. 
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until these again reiich their minimum size. This theory has, 
in the judgment of Count Castracane, deceived many botanists, 
from the idea that it was founded on mutual observation, and luis 
at the same time been in harmony with the natural tendency to 
genera lisiition, in attributing to the whole family of diatoms that 
faculty of division which has been regarded as the univei*sal property 
of the vegetable cell. The ‘ auxosjxn-e' theory rests on the supjx)sed 
inability of the siliceous walls of diatoms to expand ; ami implies, 
secondly, the idea that all diatoms are capable of binary sub- 
division ; and thirdly, that there is no mode of repioduction except 
by anxospores. That the siliceous w'alls of diatoms are capable of 
distension seems to result from the examples already given of yfelosira 
suhffej iUs and J/. mriayis, as also from some other species in which 
there may often be observed a sudden variation in diameter in frus- 
tides united together in a row. But the power of increase in size of 
the siliceous diatom-cell is evidently proved by the sporangial frus- 
tules of OriltosiTa Dickiei^^ where, in the chain of cylindrical friis- 
tules of the same diameter, the sporangial fi nstule is dilated in its 
etpiatorial axis, but much more so in its polar axis, pushing back the 
base of the next cell and forcing it to fold itself up so as to occupy 
the whole cell-cavity, and .sometimes even that of the next frustule. 
The exactness and fidelity of the figinv given in Smith’s ‘ Synopsis,’ 
besides being guaranteed by the authority of the distinguished a,uthor 
and by the signature of the celebrated artist Tufien West, Count 
Castracane was able to confirm l)y a magnificent jaeparation 
of these diatoms in which are a nuiubei- of s}>orangial frustides. 
'riie auxospore theory supposes the fact that all diatoms are capable 
of binary subdivision, since the auxosjxn e is understood, accoiding 
to Pfitzer, to provide for the piogressive deci-ease in size of the 
frustnles, with the production of larger sporangial frustules, destined 
to commence a new descending series. But bina ry subdivision cannot 
take jdace in genei-a with unequal valves, as it is univei-sally 
acknowledged that the two new valves which are formed in the 
piocess of binary subdivision must stereotyjie themselves on the old 
valves ; and for this I'eason the pi*oc‘ess cannot bike place in thost 
genei*a in which the axes cross one anothei-, like (Jampf/lodiscHs^ or 
in those in which the two valves, although equal, yet constantly 
unite in such Ji way that the similar })arts alternate with one 
another, as may be seen in Asterolawjyi^a. That it is im}.)osaible for 
binary subdivision to take place in these three classes of foi-ms, is 
confirmed by the fact that, notwithstanding that thei-e are recorded 
not less than seventy-five observations of the process of division in 
them, not one affords an exception to the rule given above. 

Where multi plicfition by binary subdivision occurs among the 
DiatomacecF,, it takes place on the same general plan as in the Des- 
rnidiacece, but with some modifications incident to peculiarities of 
the structure of the fonner grouji. The first stage consists in the 
elongation of the cell, and the formation of a ‘ hixip ’ adherent to 

* See Castracane, ‘ The Theory of the Reproduction of Diatoms,’ Atti delV Accad. 
Pontif, dei Nuovi Lincet, May 81, 1874 ; and * New Arguments to prove that 
Diatoms are reproduced by means of Germs,’ ibid, March 19, 1876. 
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eacli orid-valve, so tliat the two valves are separated by a band, 
which progressively increases in breadth by addition to the free 
edges of tlie hoops, as is well seen in fig, 445, A. In the newly 
formed cell 6, the two valve.s are in immediate apposition ; in d a 
band inteiwenes; in a tliis band lias become much widei’ ; and in h 
the increase has gom^ on until the original form of the cell is com- 
pletely changed. At the same time tlie endocbrome separates into 
two lmlv(*s ; the nmrleiis also .subdividi‘s in the manner formerly shown 
(fig. 417, (1, H, 1); and the parietal utricle folds in, first forming 
a inert? constriction, then an hour-glass contraction, and finally a 
com{)lete double ])artition, as in other instances. FYom each of its 

adjacent surfaces a new 
.siliceous valve is formetl, as 
.shown jit fig. 445, A, (J, ju.st 
as a new celluh)se wall is 
generated in the subdivision 
of other cells ; and this valve 
is usually the exact counter- 
part of the one to which it 
is opposed, and fiirms with 
it a complett‘ cell, .so that 
the original frustule is re- 
j)Iaced by two fru.stules, each 
of which has one old and one 
new valve, ju.st as in Denini- 
d\(icp(v. (Generally speaking, 
the new valves are a little 
.smaller than their [irede- 
cossors ; so that, after re- 
peated .subdivisions (as in 
chains of l8thmin)^ii diminu- 
tion of diameter becomes 
obvious.^ But .sometimes 
the new valves are a little 
Fio. 445. Biddidphia pnlch(dla : A, chain of larger than their predeces- 
cgIIh in different Htates : a.fullHize; 6, eloii- sors ; so that, in the fila- 
Kation preparatory to subdivision ; r, forma- tyimv 

tion of two new cells; rf, e, young cells; B, species, tlieie mrl> 

end view ; C, side view of a coll more highly he ail increase sulucieilt to 
magnified. (X'casion a gi'adual widening 

of the filament, altliough 
not peix’eptible excej)t when two continuous frustules are com- 
pared ; wliiLst, in tlie free forms, fi'ii.stules of difterent sizes may 
he met with, of which the larger are more numerous than the 
smaller, the increase in number having taken place in geometrical 
progre.ssion, whilst that of size was uniform. It is not always clear 
what becomes of the hoop. In Melosira (fig. 444, A and B), and 
perhajis in the filamentous sjiecies generally, the hoops appear to 
keep the new frustules united togetlier for some time. This i.s at 
first the case also in Biddidphia and Isthinia (fig. 457), in which the 

1 ^ could not be explained on the hypothesis of the rigidity of the walls within 
which fission takes place. 
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continued connection of the two frustules by its means gives rise to 
an appearance of two complete frustules having been developed 
within the original (fig. 445, A, C) ; subsequently, however, the two 
new frustules slip out of the hoop, which then bei'omes completely 
detached. The same thing happens with many other diatoms, so 
that the hoops are to be found in large numbers in the settlings of 
water in which these plants have long been gi*owing. 

But in some other cases all trace of the hoop is lost, so that it 
may be questioned whether it has ever been properly silicified, and 
whetlier it does not become fused (as it were) into tlie gelatinous 
envelo})e. During the healthy life of the diatom * the process of 
binary division is continually being repeated ; and a very rapid 
multiplicfition of frustules thus takes place, all of which must be 
considered to be repetitions of one and the siime individual form. 
Hence it may happen that myriads of frustules maybe found in one 
locality, uniformly distinguished by some peculiai'ity of form, size, 
or marking, which may yet have had the same remote origin as 
another collection of frustules found in some difterent locality, and 
alike distinguished by some peculiarity of its own. For there is 
strong reason to believe that such differen(‘es spring up among the 
pi ogeny of any true generative JU‘t, and that when that progeny is 
dispersed by cairrents into different loc*alities, eiich will continue to 
)uultiply its owui .special type so long as the process of binary division 
goes on. 

We have seen that division is of tlie nature of multiplication, 
and not of reproduction ; ami that, where it does take place, it must 
be regarded as the exception, and not as the rule. As respects 
reproduction, Count Castracane, who w’as an observer during 
thirty years devoted to the study of diatoms, had the opportuiiity 
of noting in what way the process differs in paiticular cjises. 
He contended that lie had been able to see in a Podasphpnia tlie 
emission of gonids or s}K)rides or embryonal forms, in the same way 
in which Babenhorst saw it in Melosira varians^ and O’Meara in 
PlpAiromgiiia Hpencprii ; and in aiiotlier case there were seim a. 
number of oval cysts of a species of Navicula easily recognisable. 
The greater number of these were in a quiescent state ; but some 
few ’were seen in motion by means of two fiagelliform cilia ; so that 
these larger or smaller cyst.s represented zygospoi*es, and some of 
them wei*e shown to V)e zoozygo.s{K)res. Castmcane had the good 
fortune to meet with a number of large and. small oval cysts 
imbedded in a gelatinous mass, all of them having in the centre two 
.similar corpuscles. From the condition of two greenish oblong 
indistinct forms, these went on, by an easy transition, to manifest 
themselves as naviculoid types, and at length developed into full- 
gro\vn frustules of Mastogloia, All this proved, in his judgment, 
how reproduction in diatoms may present itself in diflerent forms 
and witli different peculiarities ; for which refison one ought to 
avoid arguing from special cases to general laws. The only thing 
w hich can be asseHed of all cases of reproduction, is that it must 
be preceded by conjugation, which results in the fei-tilisation of the 
^ This refers to those diatoms in which binary sabdivision can take place. 
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sporules or gonicls, which, after a period of repose or of incubation 
inclosed within a cyst, or within a membranous frond, or within a 
frustule, attain a condition for living an independent life and 
reproducing in every respect the adult type of tlie mothei**cell ; thus 
the cyst, the membranous frond, oi* the frustule, performs the 
function of a sjK)i*ange. Castramne was of opinion that these gonids 
oi* embryonal forms could have no traces of silex in their cell- walls, 
scarcely yet formed, until a few years ago,^ among the diatoms 
of a marine deposit of the Miocene period, he met with a perfect 
frust\ile of Coscmodiscua jmnctaiaa, which, between the two planes 
of the valves, and therefore within the cell, exhibited some round 
marks which admitted of no other interpi‘etati{)n except that of 
impressions or traces of the embryonal forms surprised by death 
wliile still attached to the mother-cell. Moie recently he met with 
other eases identical in cbaim‘ter, so that he has no longer any 
<loubt as to the presence of silex in the cell -walls of diatoms whicli 
hav(* not yet emerged to the light. 

The formation of ‘ emlocysts ’ within the frustule of diatoms has 
also been observed by Oomber, Mui*ray, and others. 

No one appears at prescmt to have given attention to a circum- 
stance desci’ibed by Castracane ^ in relation to a specimen of Striatella 
nnipnvctata, which has passed thousands of times under the eyes of 
all, Without its sigriificaiice being recognised. The diatoms which 
wo have most fre(piently under our observation do not always 
exhibit the siune arrangement of their endochroine. The attempt 
has, indeed, been made to found the classificiition of diatoms on the 
arrangement of the ondoclu'cim*, according as it is present in the 
form of plates or of gi*anules; thus distinguishing the ;>^«coc4n>a?r//.<V 
and the coccochrowatic forms ; but a difficulty is presented in the 
way of this classification by cerbiin types which sometimes belong to 
the one, sometimes to the other class. And this cannot be the 
result of Jiccident. Such valuations might occur in some diatoms 
as the result of special biological conditions of the individual. 
There may frecpiently be seen, for example, a specimen of Melosira 
varia'iis with its cell-cavity filled with endochroine, not in a (*ondition 
of unequal amorphous masses, but of uniform rounded coi [)uscles ; 
and this demands jiarticular attention, or at letist gives good gi'ound 
for sjiecial research. A diligent examination instituted in these 
cases has demonstrated the existence in them of a special organi- 
sation ; and the determination of a narrow an<l well-defined limit of 
outline seems to prove that these were perfectly distinct and 
independent of one another. From the perfect resemblance of 
these to the gonids and embryonal forms seen to escape fi'om the 
mother-cell by Ilabenhorst, O^Meara, and Castraaine, he concludes 
that this sjiecial aiTangement of the endochroine must be interpreted 
os a prelude to the procesvS of reproduction. 

These obsei*vations may possibly attract the attention of some 


' See ‘ Observations on a Fossil Diatom in relation to the Process of Reproduc* 
tion/ Atti delV Accad, Pontif. dei Nuovt Ltncet^ May 17, 1885. 

* See ‘The Diatoms of the Coasts of Istria and Dalmatia,’ Atti delV Accad* 
Pontif, dei Nuovi Linceij April 27 and May 25, 1873. 
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who are applying tliem.selves to the study of diatoms to so imj)ortant 
an argument, on which may depend the possibility of establishing a 
refdly good classification of diatoms which will at length satisfy 
diatomists. At present preference is generally accorded to the 
classification pro{K>sed by H. L. Smith, which establishes the class of 
Rapliideo' fi’om the presence of a raphe in the plane of the valves. 
If there is, on the valves, in place of the raphe, a simple line of 
division, the forms thus characterised are termed Pseudoraphidecp ; 
while those in which the valves have neither raphe nor its equivalent 
are called Cryptm'aphidete, or, better, Aim7:aphide(V. While, there- 
fore, in the present state of our knowledge of diatoms, any classific4i- 
tion Ciui only be regarded as provisional, we do not propose any 
innovation on this ]^K)int, although we are disposed to accord our 
prefer(*nce to that suggested by H. L. Smith. 

Conjugation, so far as is at present known, tiikes place aiiumg 
tile ordinary Diatnmacea’ almost exactly as among the J)f*8'7iiidi(U'>ea% 
except tliat it sometimes results in the production of two ‘ zygo- 
s[)ores ’ instead of a single one. Thus in Surirella (fig. 45*1), the 
valves of two free and adjacent friistules separate from each other, 
and the two endochroines (probably included in their parietal 
utricles) aie discharged ; these coalesce to form a single mass, 
which becomes miclosed in a gelatinous envelope, and in dm^ time 
this zygospor(‘ shapes itself into a frustule resembling that of its 
parent, but of larger size. But in Epithemia (fig. 440, A, B), the 
first diatom in which the conjugating prix’ess was observed by 
Mr. Thvvaites,^ the endochrome of each of the conjugating frustuh*s 
(C, D) ajipears to divide at the time of its dischargt^ into two halves ; 
each lialf coalesces with half of the other endochrome ; and thus 
two zygospores (E. F) are formed, which, as in the preceding case, 
become investeil with a gelatinous envelope, and giadually assume 
the form and markings of the parent frustules, but grow to a very 
much larger size, the spoi'angial masses having obviously a, power of 
self-increiuse u[) to the time when their envelopes arc* consolidated. 
It seems to he in this way that the normal size is recovered, after 
the ])rogre.s.sive diminution which is incident to repeated binary 
multipliciition. (3f the subsequent history of the zygosjxmc^s much 
remains to be learnt ; and it may not Ixi the same in all cases. 
Appearances have been seen which make it almost ceitain that the 
contents of each zygospore break up into a brood of gonids^ and 
that it is from these that the new genei-ation oiiginates. These 
gonids, if each be surrounded (tis in many other cases) by a distinct 
cyst, may remain undeveloped for a considerable period ; and they 
must augment considerably in size before they obtain the dimensions 
of the jmrent frustule. It is in this stage of the prcK^ess that the 
modifying influence of external agencies is most likely to exert its 
efiects ; and it may be easily conceived that (as in higher plants and 
animals) this influence may give rise to various diversities among 
the res{>ective individuals of the same brood ; which diversities, as 
we have seen, will be transmitted to all the repetitions of each 

^ See Annals of Natural History'voX. xx. »er. i. 1847, pp. 9, 348 and vol. i. 
ser. ii. 1848, p. 161. 
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that are [)rodiiced by the procens of binary division. Hence a very 
considerable latitude is to be allowed to the limits of species, when the 
different forms of Diatomacece are compared ; and here, as in many 
other cases, a most imj)ortant (question arises as to what are those 
limits— a question which can only he answered by such a cjireful 
study of the entire life-history of every single tyi>e as may advan* 
tageously occupy the attention of many a microscopist who is at 
present devoting himself to the resolution of the mai'kings on 
diatom- valves, and to the multiplier it ion of reputed species by the 
<letection of minute <lifferences.^ 

Tin's formation of what are terme<l aHA'OHp&reH — as serving to 

augment the si/e of the 
A B ^ ** cells which are to give 





origin to a new genera- 
tion— takes place on m 
very different j)lan in 
some of those filamentous 
types, such as Melosira 
(lig. 444, A, B), in wliich 
a, strange inecpiality 
presents itself in tlie 


E f diameters of the differ- 

cells of the same 
filament, the larger ones 
I /i 1 being usually in various 

i'l I I ! jj stages of binary sub- 

J 1 F division, by which they 

Pv/ lUf ill/ multiply themselves 

^ longitudinally. Accord- 
iug to the ol)servations 
of Mr. Thwaites {loc, 
Fm. 446. -Conjugation of Epithemia turgtda: A, rit.). these also are tlie 
front view of single frustule ; B, Hide view of the , 

same ; C, two frustuleH with thinr concave surfaceH P' Oailcts OI a Kind Ol 
in close apposition ; II, front view of one of the conjugation between the 
frustules, showing the separation of its valves E, adiaceiit cells of th© or- 
F, side and front views after the formation of the t’ t i • 

zygo«poroH. «linarv diameter, taking 

place before the comple- 
tion of their separation. He describes the endochrome of particular 
frustules, alter sepirating as if for the formation of a pair of new cells, 
^ moving bac^k from the extremities towards the centre, rapidly 
increasing in quantity and aggiegating into a zygospore (fig. 447, 
No. 2, a, h, c) : around this a new envelope is developed, wliich may or 
may not resemble that of the ordinary frustules, but which remains 
in continuity with them ; and this zygospoi'e soon undei’goes binaiy 


^ See on this subject a valuable paper by Prof. W. Smith ‘ On the Determination 
of Species in the DiatoinacecVy in the Quart. Journ. of Microsc. Science, vol. iii. 
18d6, p. 180 ; a memoir by Prof. W. Gregory ‘ On Shape of Outline as a Specific 
Character of Uiatoniacea?,' in Tranks, of Microsc. Soc. 2nd senes, vol. iii. 1856, 
p. 10; and the Author’s Presidential Address, in the same volume, pp. 44-50; ‘On 
Navicula crassinervis, Fntstulia saxonira ^ and N. ides, as Test-objects,’ by 

W. H. Dollinger, Monthly Micro. Jonim. 1876, vol. xvii. p. 1; also an Additional 
note on the identity of these, by the same Author, ibid. p. 178. 
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subilivisioii (No. 3, «, ft, c), the cells of the new series thus developed 
presenting the character of those of the original filament (1), but 
gi*eatly exceeding them in size. Fi*om wliat has been alrea<lv stated, 
it seems probable that a gi'adual reversion to the smaller form takes 
place in subsequent subdivisions, a further reduction being checked 
by a new formation of zygospores. The various modes of foimiation 
of auxosfK)res in the Diatoinjiceae are classified by Klebahn under 
five different heiids, viz. : — (1) Rejuvenescence of a single cell, accom- 
panied by an increase in size ; this is the simplest type, and one 
of the most common. (2) Two daughter-cells^; are produced from the 
protoplasm of a mother-cell, and from these arise two auxos^xires 
{Achnanthes longij^s, Rhahdonmia arcuatum). (3) Two cells lying 
side by side wivst off* their old valves, and each grows into an 
auxospoi-e, witliout any previous fusion, or any visible interchange 
of contents ; this is the commonest type of all. (4) A true conjuga- 
tion takes place ; the protoplasmic contents of tlie two cells fuse 



Fig. 447. Self-coiijugation (?) of Mclomru itaUca [Aulacosira eirnidata 
Thwaites) : 1, simple filament; 2, filament developing auxospores ; ri, 6, r, succob- 
sive stages m the formation of auxospores ; auxospore-frustules in HlH•ceHsi^ e stages, 
n, b, r, of multiplication. 

together into one, and this mass grows into an auxospore. (5) Before 
conjugation, the protoplasm of each of the two cells divides before- 
hand into two (laughter-cells, and two auxospores ai*e formed by 
the fusion of a daughter-cell from each mother-cell witli the 
daughter-cell of the other one lying opposite to it ; this is the most 
complicated process (^Amphora ovalisy Ejnthe'ttvia Arytts, lihopa- 
lodia gibba, &c.). 

The most curious phenomenon presented by diatoms is un- 
doubtedly their power of movement, which induced Ehi'enberg nnd 
the other early observei’s of these oi*ganisms to place them erro- 
neously in the animal kingdom, although it affords no evidence of 
consciousness. This power of movement, if not (common to all 
diatoms, is very evident in those species which are normally or 
accidentally free, and most conspicuously in oblong forms, such as the 
species of Navicida, In those also which are stalked it has been 
noticed that if, from any cause, a frustule becomes detached, it is 
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endowed with a motion similar to tliat of the species which are 
normally free. This circumstance hsis caused the abandonment 
of Mr. W. Smith’s propfjsal to assign a generic value to the condition 
in which the frustule is jx>ssessed of this property without regard to its 
form. Hence those genera are not now generally recognised which differ 
only in being enclostid in a membranous frond, or in being stalked, 
especielly since friistules eonbiined in a sheath, for example in Schizo- 
up.ma^ have been seen to escape from it, and to be prevented from' 
returning jjgain to it in company with the sister NavicidcB. Hence 
the genera Schizoiiema^ Herheleya^ and Dickiea must be reunited to 
Navicula ; (Joccoiieina^ Endotienia^ and Colletf}nermi to (^yrnbella ; and 
Hoimodadia to Nitzschia. The singidar phenomenon of movement 
which may be observed in ina-ny genei‘a of diatoms — among which 
the most singular is that presented by Bacillar la par acloxa (fig. 449), 
in which th(3 rod-like fimstules are seen to be continually gliding one 
along anotlier, in a retrogr'ade direction, before they become debmluMl 
— is found to be in general a movement backwards and forwards in a 
straight line so far as they meet with no impediment, while the 
intervention of obstacles determines a passive change of direction. 
The backward and forward movements of the Naincidm have been 
aliH^ady described ; in Sainrella (fig. 45*1) and Campylodiscns 
(fig. 454) the motion never prcK^eeds further than a languid roll from 
one side to the other ; and in Goviphotmna (fig. 463), in which a 
foramen fulfilling the nutritive office is found at the larger extremity 
otdy, the movtunent (which is only .seen when the frustide is separated 
from its stipe) is a hardly percej)tible advance in intermitted jerks 
in the direction of the narrow end. The cause of this movement is 
uncertain. It has been referred by different authors to the action 
of endosmose aud exosmose ; to cilia ; to the projection of pseudopode- 
like masses of protoplasm through orifices in the raphe, or of a single 
elongated })roto})lasmic thread ; but the most pr(d)al)le interpretation 
attributes it to the action of the changes resulting from the nutrition 
of the cell, which must necessiirily absorb food in a liquid condition. 
'J’aking account, therefore, of the relatively considerable quantity of 
silex necessjiry to the organisjdion of the diatom cell in proportion 
to its minute dimensions, and bearing in mind, at the same time, 
the incalculably small traces of silex in solution in the water, it 
may be understood how active must be the exchange from the 
exterior to the interior of the cell, and vice versa, and hence how 
such an excliange must determine a continual change of [)osition 
backwards and forwards, through the reaction exercised on the 
delicate flcmting friistules. 

The pi'inciples upon which this interesting group should be classi- 
fied cannot be properly determined until the history of the genera- 
tive process — of which nothing whatever is yet known in a lai ge 
proportion of diatoms, and but little in any of them — shall have 
been thoi'oughly followed out. The observations of Focke ^ render it 

^ See Castracane, * Observations on the Genera Homeocladia and Schizonema,’ 
in Atti delV Accad. Pontif, dei Nuovi Lincei, May 28, 1880. 

* According to this observer {Ann, of Nat, Hist, 2nd series, vol. xv. 1855, p. 237) 
Navicula hifrons forms, by the spontaneous fission of its internal substance, spherical 
bodies, which, like gemmules, give rise to Surirella microcora. These by conjuga- 
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higlily probable that many of the forms at present considei'ed as dis- 
tinct from each other would prove to be but different states of the 
same if their whole history were oscerbiiued. On the other U&nd, 
it is by no means impossible that some which appear to be nearly 
l elated in the structure of their frustules and in their mode of 
growth may prove to have quite different modes of repi*oduction. 
At present, therefore, any classifictition must be merely provisional ; 
and in the notice now to l)e biken of some of the most interesting 
forms of the Diatojnacece, the method of Professor Kiitzing, which 
is based u|K)n the characters of the individual frustules, is followed, 
in preference to that of Mr. W. Smith, which was founded on 
the degi*ee of connection I’emaining between the several frustules 
after binary division.* In ejveh family the fiaistules may exist under 
four conditions : — («) free, the binary division being entire, so tlait the 
frustules separate as soon as the process has been com})leted ; {h) 
stipitate, tlH‘ fi*ustuh\s being implanted upon a coiinnon stem (fig. 



Fki. 448 , — Mrndion circuJarc. 


Fio. 449, — Bacilloria i)aradoxa. 


450), which keeps them in mutual connection after they have them- 
selves undergone a complete binary division ; (c) united in a filament, 
which will be continuous (fig. 445, A, B) if the cohesion extend to 
the entire surfiic’es of the sides of the frustules, but may be a, mere 
zigzag chain (fig. 451) if the cohesion l)e limited to their angles; 
{d) aggi'egated into a frond (fig. 464), which consists of numerous 
frustules more or less regularly enclosed in a gelatinous investment. 
Commencing with the last-named division (A), the first family 

tion produce N. splendid a, viYncYx gives rise to N. bifrons by the same process. He is 
only able to speak positively, however, as to the production of N. hifroiia from N. 
splendida] that of Surirella microcora from N, bifrona, and that of N. aplendida 
from SurireUa microcora, being matters of inference from the phenomena witnessed 
by him. 

1 The method of Kiitzing was the one followed, with some modification, by Mr. 
Balfs in his revision of the group for the fourth edition of Pritchard’s Infusoria ; 
and to his systematic arrangement the Author would refer such as desire more 
detailed information. 
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is tliat of EmiotiecB^ of which we have already seen a cliaracteiistic 
example in Epithemia turgida (fig. 446). The essential chai’acters 
of this fiiinily consist in the more or les.s luimte form of the frnstules 
in the lateral view (fig. 446, B), and in the striai being continuous 
across the valves without any interruption by a longitudinal line. 
In the genus Emiotia the frnstules are free ; in Epitlvemia they are 
very commonly adherent by the fLit or concfive surfiu^e of the con- 
necting zone ; and in Jliniantidhtm they are usually united into 
ribbon-like filaments. In the family Meridiem we find a similar 
union of the transversely striated iiulivi dual frnstules ; but these an^ 
nari'ower at one end than at the otlu;r, so as to have a cimeate oi‘ 
wedge-like form, and are regularly disjxjsed with their corresjxaiding 
extremities always pointing in the same direction, so that the fila- 
ment is curved instead of 
straiglit, as in the beauti- 
ful Meridian circtdare (fig. 
448). Altliougli this plant, 
when gathered and placed 
under the microscope, pre- 
sents the appearance of 
circles overlying one an- 
other, it regally gi'ows in a 
helicoid (screw like) form, 
making several continuous 
turns. This diatom abounds 
in many localities in this 
country ; but there is none 
in which it pi’esent;<s itself 
in such rich luxuriance as 
in the mountain-brooks 
about West Point in the 
United Hb^tes, the bottoms 
of which, according to Pro- 
fessor Biiiley, ‘ are litei'ally 
covered in the first waini 
days of spring with a fer- 
Fi(}. 4.'50. Licmophora pabeUala. ruginous-coloured mucous 

matter, about a tpiartei- of 
an inch thick, which, on examination by tlie microscope, proves to 
be filled with millions and millions of these exquisitely beautiful 
siliceous bodies. Eveiy submerged stone, twig, and speai* of grass is 
enveloped by them, and the waving plume-like appearance of a fila- 
mentous body covered in this way is often very elegjint.' The frus- 
tules of MerkUon are atbiched when young to a gelatinous cushion ; 
but this disiippears with the advance of age. In the family lAcmo- 
phoi'ece also the frustules are wedge-shaped ; in some genera they have 
transverse markings, whilst in others tliese are deficient ; but in 
most insbinces there are to be observed two longitudinal suture-like 
lines on each valve (which have received the special designation of 
vittce) connecting their two extremities. The newly formed part of 
the stipe in the genus Liormphwa^ instead of itself becoming double 
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with each act of binary division of the frustule, increi\ses in breadth, 
while the frustules themselves remain coherent, so that a beautiful 
fan-Jike arrangement is pi oduced (fig. 450). A splitting away of a 
few frustules seems ocoisionally to bike place, from one side or the 
other, before the elongjition of the stipe ; so that the entire plant 
[>resents us with a more or less complete flahella or fan u}>on the 
summit of tlie branches, with imj>erfect flabelhe or single frustules 
irregularly vscattered throughout the entire length of tlie footstalk. 
This beautiful plant is marine, and is atbiched to seaweeds and 
zoophytes. 

In the next family, that of Fratj'dcvnew^ the frustules are of the 
siune breadth at each end, so that if they unite into a filament tliey 
form a straight band. In 
r>ome genera they ai*(' 
smooth, in others trans- 
versely stiiated, with a 
central nodule ; wlien stria' 
are present, they run across 
tl\e valv(\s without inter- 
i-uption. To this family 
belongs tlu' genus Diatoiiia, 
which gives its name to the 
entire grou[), that 11 a nu' 

(which means cutting 
through) beiT\g suggested 
by the curious habit of the 
genus, in which the frus- 
tules, after division, sepa- 
l ate from each other along 
their lines of junction, but 
remain connected at their 
angles, so as to form zigzag 
chains (fig. 451). The 
valves of Diatoma, when 
turned sideways (a), are 
seen to be .strongly marked 
by tiansverse sti'ia', which 
extend into the front view. 

The proportion betw'een the 
length and the bimdth of 
each valve is found to vary so considerably that, if the extreme forms 
only were com pjired, there would seem adecpiate ground for regarding 
them as belonging to different species. The genus inhabits fresh 
water, preferring gently running streams, in which it is sometimes 
very abundant. The genus Fragila/tna is nearly allied to Diatom the 
difference between them consisting chiefly in the mode of adhesion of 
the frustules, which in Fragilaria form long, straight filaments with 
parallel sides; the filaments, however, as the mime of the genus 
implies, very readily break up into their component frustules, often 
separating at the slightest touch. Its various species are very 
common in pools and ditches. This family is connected with the 



Pu;. 451. 


Fh!. 452. 


FiCr. 451. vidyare: a, Hide view of 

frustule; b, fruBtuk* undergoing divitjion. 

Fio. 452. Grafmnatojjhora serpentina \ a, front 
and Hide yiewB of wingle fruHtule ; b,h, front 
and end views of divided frustule ; c, frustule 
about to undergo division ; d, frustule com- 
pletely divided. 
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next by the genus Nitzachia^ which is a somewhat abeirant form, dis* 
tinguished by the presence of a prominent keel on each valve, divid- 
ing it into two portions which are usually \inequal, while the entire 
valve is sometimes cui-ved, jus in N. siymoidea^ wliich has been used 
as a test -object, but is not suitable for that pui pose on account of 
the extreme variability of its striation. Nearly allied to this iws 
the genus Jiadllaria^ so named fi*om the elongated staff-like form of 
its frustules ; its valves have ji longitudinal punctated keel, and 
their transverse striae are interrupted in the median line. The 
principal specnes of this genus is the whose remarkable 

movement has been alieady <lescribed. Owing to this displacement 
of the frustules, its filaments seldom present tliemselves with strjiight 
[wirallel sides, but nearly always in forms mor(* or less oblique, sucli 
jis those represented in fig. 449. This curious object is an inhabitiint 
of salt or of bi jickish water. Many of th(i species formerly ranked 
under this genus ai'e now referred to the genus Diatoma. The 


genera 



Nitzschia find liaeillaria hjive b(‘en associated by Mr. llalfs 

with some other generji 
which Jigi'ee with them 
in the bacnllar or stjiff- 

j 

! and in the presence 

i in the sub-family a i'Y;:;- 

’ ^Synedrpce, con- 

and its jdlies, 
which the bjwilhu- 


Pio. 453. — Surirella constricta ; A, Bide view ; form is retained, but 

B, front view ; C, binary subdivision. the keel is WJintillg, 

jind the vjilves are 


but little broader than the front of the frustule. 


In the SuHrellece proper the frustules are no longei' Uudlhir, 
and tlie breadth of the valves is usujilly (though not jilwjjys) grejitei- 
than the front view. The distinctive cluiracter of the genus 
Surirella, in addition to the presence of the suppOvsed ‘ canaliculi,’ 
is deiived from the longitudinal line down the centie of each valve 
(fig. 453, A) and the prolongation of the margins into ‘ ahe.’ 
Numerous species are known, which jire mostly of a somewhat ovate 
form, some being broader and others narrower than S. consitdcta ; 
the greater jmrt of them are inhabitants of fresh or brjickish water, 
though some few are marine ; and several occur in those infusorial 
earths which seem to have been deposited at the bottoms of lakes, 
such as that of the Mourne Mountains in Ireland (fig. 468, h, c, k). 
In the genus Campylodiacua (fig. 454) the valves aie so gi’ejitly 
increased in breadth as to present almost the form of discs (A), and 
at the same time have more or less of a peculiar twist or saddle- 
shaped curvature (B). It is in this genus that the supposed ‘ cana- 
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liculi ' are most developed, and it is conseqnently here that they may 
be best studied ; and of there being here really coatee^ or internally 
projecting ribs, no reasonable doubt can remain after examination 
of them under the bin(x*ular microscope, especitilly with the ‘ bljick- 
ground ’ illumination. The form of the valves in most of the species 
is circular or nearly so ; some are nearly flat, whilst in others the 
twist is greater than in the species here represented. Some of the 
species are marine, whilst others occur in fresh water ; a very 
beautiful form, the C, ch^pem^ exists in such abundance in the 
infusorial stratum discovered by Ehrenberg at 8oos, neai* Ezer, in 
Ilohemia, that the earth seems almost entirely composed of it. 

The n&xt family, the Striatellecdy forms a very distinct grou]), 
differentiated from every other by having longitudinal costic on the 
connecting jKu tions of the frustules, these costie being formed by 
tlie inward projection of annular siliceous plates (which do not, 
however, reach to the centre), so as to form septa dividing the ciivity 
of the cell into imperfectly sej>arated chambers. In some instances 
these annulai* septa are only formed during the production of the 



Fi(}. 454. ~C<unpj/lo(Uscu>i rostatus: A, front view; B, side view. 

valves in the act of divi.sion, and on ejich repetition of such produc- 
tion, being thus always ilefinite in number ; whilst in other cases 
the formation of the septa is continued after the production of the 
valves, and is I’epeated an uncertain number of times before the 
1‘ecurrence of a new valve -production, so that the annuli are bulpfinite 
in number. In the cuiious GranimatopJujra se^'pentina (fig. 452) 
the septa have several umlulations and incurved ends, so as to form 
serpentine curves, tlie number of which seems to vary with the 
lengt.h of the frustide. The lateral surfaces of the valves in Gram 
niatophora are very finely sti iated, and some species, as G. suhtiliaaima 
and G. marhm^ are used Jis test-objects. The frustules in most of 
the genera of this family .sepanite into zigzag chains, as in Diatoma ; 
but in a few instiinces they cohere into a filament, and still more 
rarely they are furnishe<l with a stipe. The small family Terpaiiweaf 
wtis separated by Mr. Ralfs from the Striatellecp^ with which it is 
nearly allied in general characters, because its septa (which in the 
latter are longitudinal and divide the central portions into chambers) 
are transverse, and are confined to the lateral portions of the 
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frustules, which apj)eai' in the front view as in JHddulphiece. The 
typical form of this fiimily is the TerpainoU Tmmca, so named fi'om 
the resemblance which the markings of its costae bear to musical 
notes. 

We next come to two frimilies in which the lateral surfaces of 
the frustules are circular ; so that, ac*cordiiig to the flatness or con- 
vexity of the valves and the breadth of the intervening hooped band, 
the frustules may liave the form either of tliin discs, short cylinders, 
biconvex lenses, oblate spheroids, or even of spheres. Looking at 
the striHJture of tlie individual frustules, the line of demarcation 
between these two fa-milies, Melosirew and Coscinodiscem, is by no 
means distinct, the principal difference between them being that 
the valv(3S of the latter are commonly areolated, whilst those of the 
former are smooth. Another imporbint difference, howtwer, lies in 
this, that th(3 frustules of the Coschwdiscpcc ai*e always free, wliilst 
those of th(‘ MeloHire(p. remain coherent into filaments, which often 
so sti’ongly l esernble those of the sim[)le Conferraceui to be readily 
distinguishable only by the effect of heat. Of these last the most 
imporbuit genus is Melonira (fig. 444). Home of its species are 
marine, otlmrs fri‘sh-water ; ont3 of the latter, M. ochracea^ seems to 
grow best in boggy }>ools containing a ferruginous inipi‘egnation ; 
and it is stated by Professor Pihrenberg tliat it takes up from the 
wat(3r, and incorporates with its own substance, a consi do ruble 
quantity of iron. 14ie filaments of Melosira very commonly tall 
apart at the slightest touch, and in the infusorial earths in which 
some sjiecaes abound the frustules are always found detached 
(fig. 4(58, u, (ly d, d). Hre meaning of tire remarkable difference in 
the sizes and forms of the frustules of the same filaments (fig. 444) 
has not yet been fully ascertained. The sides of the valves are 
often marked with radiating strire (fig. 468, dy d) ; and in some 
species they have toothed orseri aterl margins, by which the fi-ustules 
lock together. To this firmily belongs the genus fli/alodiscu^, of 
which H, suhtiliH was first brought into notice by the late Professr^r 
Bailey as a test-object, its disc being marked, like the engine-turned 
back of a watch, with lines of exceeding delicacy, only visible by 
good objectives and wii’eful illumination. 

The family Coscinodiscew includes a large proportion of the most 
Ireautiful of those discoidal <liatoms of which the valves do not 
present any considerable convexity, and are connected by a narrow’ 
zone. The genus CosdiwdisciiSy which is easily distinguished from 
most of tlie genera of this family by not having its disc divided into 
compartments, is of great intei’est from the vast abundance of its 
valves in certain fossil deposits (fig. 467, a, a, a) especially, the 
infusorial earth of Richmond in Virginia, of Bermuda, and of Oran, 
as also in guano. Each frustiile is of discoidal shape, being com- 
posed of two delicately undulating valves united by a hoop ; so that 
if the frustules remain in adhesion, they would form a filament 
resembling that of Melosira (fig. 444, B). The regularity of the 
hexagonal areolation shown by its valves renders them beautiful 
microscopic objects ; in some species the areolae are smallest near 
the centre, and gradually increase in size towards the margin ; in 
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others a few of the central ai*eol«e are the largest, and the rest are 
of nearly uniform size ; wliile in others, again, there are radiating 
lines formed by areolae of a size- different from the rest. Most of 
the species are eithei* marine or are inhabitants of brtickiah water ; 
when living they are most commonly found adhei*ent to seaweeds 
or zoophytes ; but when dead the valves fe-ll as a sediment to the 
l)ottom the water. In both these conditions they were found by 
Professor J. Quekett in connection with zoophytes which had been 
brought home from Melville Island by Sir E. Parry ; and the species 
seem to l>e identical with those of the Riehmoiul earth. The iii- 
vestigsitions of Mr. J. W. Stephenson ^ on Coschwdiscfts ocidits iridia 
show that the peculiai* ‘ eye-like ’ ajipearance in tlie centie of each 
of its liexagonal areola^ arises from the intermingling of the mark- 
ings of two <listinct layers, diffei*ing consi<lerably in structure, the 
markings of the lower layer being* partially seen through those of 
tlie upper. By fnmturiiig these tliatoms Mr. Stephenson succeeded 
in separating portions of tlie two layers, so that each could he 
examined singly. He also mounted them in bisulphide of ear bon, 



Fici. 45."). — Structure of siliceous vahe of Coscuiodiscus ornlus irifha: 1, hexi^onal 
areola of inner or ‘ eye-spot ' layer ; 2, areola of outer layer. 

tlie refnu'tive index of which is higli ; and also in a .solution of 
phosphoi us in bisulphide of cai*bon, which ha>s a still higher I'efiac- 
tive index. If we suppose a diatom to he marke<l with conve,r 
depressions, they would act as concave lenses in aii*, which is less 
refmctive than their own silex ; but when such lenses are immer.sed 
in bisuljihide of caibon, or in the pliosphoi’us .solution, they would 
be convened into convex leiises of the more refractive substance, 
and have their action in air reversed. Analogous but ojDposite 
clianges must take place when convex diatom -len.ses are viewed first 
in air, ami then in the more refractive media. Applying these and 
other tests to Coschwdisciis ocahis iridia, Mr. Stephenson cOiisidei*ed 
Ixith layers to be composed of hexagons, represented in fig. 455 
from drawings by Mr. Stewai't. The upper layer is much stronger 
and thicker than the lower one, and the framework of its hexagons 
more readily exhibits its beaded appearance. The lower layer is 
uetifly tmnsparent, an<l but little conspicuous when seen in bisulphide 
of carbon, except as shown in the figure, when tlie framework of 
i Monthly Microscopical iToumal, vol. x. 1S78, p. 1. 
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the hexagons and the rings in the midst of them appetir thickene 
and more refractive. In both layers the balance of obsei-vations 
tends to the belief that the hexagons have no flooi*s, an<l are in fact 
jf)erforated by foramina like those of minute fwlycystina. Tlie cells 
formed by the hexagons of the upj)er layer are of consideiable 
depth ; those of the lower layer are shallower. Tt is very desirable 
that living forms of Cosclnodisci should V>e Ciirefully examiiie<l ; 
since, if they really have foramina, some inintite organs may be [)ro- 
truded through them. 

The genus Acthmcjfdafi^ closely resembles the preceding inform, 
but differs in the markings of its valvular discs, which are minutely 
and densely punctated or areolated, and ai-e divided radially by 
single or double dotted lines, which, however, are not continuous 
but interrupted. The discs are geneially iridescent; and, Avhen 
mounted in balsam, they ju'esent various shades of brown, green, 
blue, purple, and red ; blue or purple, howcwer, being the most 
fretjuent. An immense number of species ha\e been erected by 
Professor Ehronberg on minute <lifferences presented by the rays as 
to number and distribution ; but since scaicely two specimens can 
be found in which there is a perfect identity as to these particulars, 
it is evident that such minute differences Ix'tween organisms other- 
wise similar are not of sufticieut account to serve for the sepaiation 
of species. This form is very common in guano from Ichaboe. Allied 
to the piHJcediiigare the two AsteroUtyapra wwd Afitproynphalns^ 

both of which have circular discs of which the marginal portion is 
minutely aniolated, whilst the central area is smooth and perfectly 
hyaline in appearance, but is divided by lines into radial compai t- 
ments whicli ext(*nd from the central umbilicus towards the j>eripiiery. 
The difference between them simply consists in this, that in Astern- 
lampra all the compartments are similar and equidistant and the rays 
equal, whilst in Astern mphal its (PI. 1, tig. 3) two of the compartments 
are closer together than the rest, and the enclosed hyaline ray (which 
is distinguished as the median or basal ray) differs in form from 
the othtu’s, and is sometimes specially continuous with the umbilicus. 
Tile eccentricity thus produced in the other rays has been made the 
basis of another generic designation, Spatanyiditini \ but it maybe 
doubted whether this is founde<l on a vali<l (list i notion. These 
beautiful discs are for the mo.st part obtainable from guano, and 
from soundings in tropical and antarctic seas. From these we pa.ss 
on to the genus Actiiioptpchits (fig. 456), of which also the friistules 
are discoidal in form, but in which eacli valve, instead of being fiat, 
hiis an undulating surface, as is seen in front view (li), giving to the 
side view (A) the appeju’ance of being marked by radiating bands. 
Owing to this })e<‘uliarity of shape, the wdi()h‘ surface cannot 
be brought into focus at once except with a low junver ; and the 

• The Author concurs with Mr. Ralfs in thinking it preferable to limit the genus 
Actinocyclas to the forms originally included in it by Ehrenberg, and to restore the 
genus Actinoptychus of Ehrenberg, which had been improperly united with Actiuo- 
ryclits by Professors Kiitzing and W. Smith. 

* See Greville in Quart, Jonrn, Microac, Science^ \o\, \ii 1859, p. 158; and in 
Trans. Microsc, Soc. vol. viii. n.s. 1800, p. 102, and vol. x. 1802, p. 41 ; also Wallich 
in the same Transact inns, vol. viii. 1860, p. 44, 
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difference of luspect which the different radial divisions present in 
hg, 456 is simply due to the feet that one set is out of focus whilst 
the other is in it, since the appearances are reversed by merely 
altering the focal adjustment. The ttumher of radial divisions has 
l>f*en considered a character of sufticient im])ortiuice to serve for the 
distinction of sj)ecies ; but this is probibly subjet’t to variation ; 
since we not unfreqiiently meet with discs, of which one has (say) 
eight, and another ten sucli divisions, but whicli are precisely alike 
in ev(a’v other }Kirticular. The valves of this genus also are very 
abundant in the infusorial earth of llichmond, Jha-muda, and Oran 
(fig. 467, hj 6, />), and many of the same species luwe been found in 
guano ami in the seas of various jwirts of the world. The frustules 
in their living state appear to be generally attached to seawet'ds or 
>coopliytes. 

Tlu* Bermuda earth also contains the very beautiful form 
which, though scarcely separable from ActhiopU/chus except by 
its marginal spines, lias ivceived from Professor Ehrenberg the dis 
tinctive ap[)ellatiou of I [el'wpflta (sun shiehl). The object is repre- 
sented as seen on its internal aspect by the ])arabolic illuminator, 
which brings into view' certain features that ('an scarce d y lu^ secui by 
ordinary transmitted light. 

Five of the radial divisions are 
s(‘en to be marked out into 
circular ariMihe ; but in tlie 
five w'liich alternat(‘ w'ith them 
a minute lieaded structuia' is 
obst'rvable. This may be 
shown, by caridul adjustment 
of the focus, to exist over the 
w'hole intei'ior of the valve, 
even on th(* divisions in which 
the circular aianilation is h(*re dis]>layed ; and it henci* ajijiears pro- 
bable that this marking belongs to the internal layer,’ and that the 
circular areolation exi.sts in the oater layer of th(< silicilital valves. 
In tile alternating <livisions whose surface is h(‘re displayed, the 
areolation of the outer layer, when brought into view by focussing 
<lown to it, is seen to be formed by eijuilatend triangles ; it is not, 
however, nearly so well marked as th(' circular areolation of the 
first-mentioned divisions. The dark spots seen at the end of the 
rays, likt* the dai k centi e, ap|>ear to l)e solid areolations of silex not 
traversed by markings, as in many other diatoms ; they are appa- 
rently not oi'ifices, as supposed by Professor Ehrenberg. Of this type, 
agjiin, specimens are found presenting .six, eight, ten, or twelve radial 
divisions, but in other re.spects (*xactly similar ; on the other hand, 
two siiecimens agreeing in their number of divisions may exhibit 
minute differences of other kinds ; in hict, it is lare to find two 

' It 18 stivted by Mr. Stodder [Quart, Jonrn. Microac. Science^ vol. iii. n.a. 1868, 
p. 215) that not only has he seen, in broken specimenH, the inner granulated plate 
projecting beyond the outer, but that he has found the inner plate altogether 
separated from the outer. The Author is indebted to this gentleman for pointing 
out that his figure represents the inner surface of the valve. 




Fiu. 456 . — Acttnoptijchaa undHlaina , 
A, Bide view ; B, front view. 
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that are prectaeh/ alike. It seems probable, then, tliat we must 
allow a consiilerjible latitude of vaiiation in these forms l)efoie 
attempting to sepJiTute any of them as distinct species, Anothei- 
very beautiful dist^oidal diatom, whi(fh occurs in guano, and is also 
found attaclied to seaweeds from different pai-ts of the world 
(especiiilly to a species employed by the Japanese in making soup), 
is the Armhnoidiscm (Plate XJI), so named from the resemblance 
which the beautiful nairkings on its disc cruise it to bear to a 
spider’s web. According to Mi*. Shadholt,^ who first carefully 
examined its stru(;tui‘e, each valve consists of two layers ; the outer 
one, a tliin flexihle horny membrane, in<lestructihle by boiling 
in nitric acid; the inner one siliceous. It is the former which 
has upon it the peculiar spider’s-web like markings ; whilst it is 
the lattei* that forms the sup[>orting framework which bears a very 
strong resemblance to that of a circular (Jothic window. Tlie 
two can occasionally he s(^parated entire* by first boiling the discs 
for a crmsiderahle time* in nitric acid and th<*u C4irefully washing 
them in distilled water. Ev(*n without such separation, however, 
the distinctness of tlu* two layers can he made out by focussing for 
each separately under a ] - or 1-inch objective; or by looking at a 
valve as an o|KUjue ol»jecl (♦nther by the ]>arah()lic illiimimitoi-, 
or by the Lieberkuhn, or by a side light) with a /^^-inch ohjectivt*, 
first from one side and tlu*n fiom the other. Hut it can be seen to 
very best advantages by tla^ ust* of apochromatic objectives of 
suitable jK)wev and a suitahh* diaphragm for dnTk~\)ro\i)ul illumi- 
nation. 

This family is connect(*d with the succi*(*ding by tla* small grouj) 
ni(*mhers of which agree with the \\\ 

the general character t)f th(*ir diseoitl frustules, and with the Hid- 
dulphlp(t‘ in having {ireolar processes on tlieir lateral siii-faces. In 
the beautiful AiUacodiscHS tlie.se areolations are situated near the 
margin, and are connected with hands radiating from the centre ; the 
surface also is freipiently iidlated in a manner that reminds us of 
Actliioptychas, These foiaus are for the most part obtained from 
guano. 

The meiuhers of the next family, Iikldulphie(t^^ differ greatly in 
theur general form from tlu* preceding, being remarkable for 
the great dev*elopiiu*nt of tlu* lateial valv^es, which, instead of being 
nearly flat or diseoidal, so as only to present a thin e*dge in front 
view, are so convex or inllated as always to enter largely into the 
front view , causing the central zone to appear like a band between 
them. This hand is very narrow’ wlien the new frustules are first 
produced b}' hinaiT division, hut it iiicreuvses gi-adually in breadth, 
until the new frustule is fidly formed and is itself undergoing the 
same duplicative change. In BiddnlphUi (fig. 445) the frustules 
have a (piadrilateral form, and remain coherent by their alternate 
angles (which are elongated into tooth-like projections), so tisto form 
a zigzag chain. They are marked externally by ribbings w hich seem 
to be indicative of internal costa* imrtially subdividing the cavity. 
Xearly allied to this is the l^eautiful genus Isthrnia (fig. 457), in 

^ Trans. Microsr. Soc. Ist series, vol. iii. r. 49. 
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which the fi’ustules have a ti*apezoi(lal form owing to the oblique 
prolongation of the valves; the lower angle of eaeli frustule is 
colierent to the middle of the next one l^eneath, and from the b»usal 
frustule proceeds a stipe by which the filament is attached. Like 
tlie preceding, this genus is marine, and is found athiched to the 
seaweeds of our own shoi*es. The ai*eolated structure of its surfirce 
is very cons[)icuous botli in the valves and in tlie connecting ‘ hoop ; * 
and tliis Jioop, being silicified, not only connects the tw’o new^ frus- 
tides (as at h, fig. 4o7), until they have sepamted from e4ich other, 
but, after such .separation, remains for a time round one of the 
iVustules, .so as to give it a truncated appearance («, c). 

Tlie family Angnliferaiy di.stingiiislied by the angular form of its 
\’alves in tlieir lateral aspect, is in many I'cspects clo.sely allieil to 
the pi-eceding ; but in the comjmrative flattening of their valves its 
inemlx‘rs more re.semble the Cosciiwdiscecv, 
and dJ ajmliscew. Of this family we have 
a chai'acteri.stic example in the genus 
Triceratuuii^ of which striking form a con- 
sidenble number of specie.s are met with 
in the Bermuda and other infu.sorial 
(‘ai ths, while others are inhabitants of the 
existing ocean and of tidal rivers. T.favns 
(fig. 442), which is one of the largest and 
most regularly markeil of any of these, 
occurs in the mud of the Thames and in 
various other estuaries on our own coa.st ; 
it has been found, also, on the surface of 
large sea-.shells from various parts of the 
world, such as tlio.se of Iflppoj^ns and 
Jfaliotisj before they have been cleaned ; 
and it ]U’esents it.self likewi.se in the in- 
fu.sorial eai-th of Peter.sburg (U.S.A.). 

4'he jirojections at the angles which are 
-shown in that .species are prolonged in 
some other .species into ‘ horns ; ’ whilst 
in others, again, they are mere tubercular 
elevations. Although thetriamjtdar foi'm pia. nrrvosa. 

of the frustule, when looked at sideways, 

is that which is characteri.stic of the genus, yet in .some of the species 
there seems a tendency to proiluce qti{id^*a'ii(/tdariuu\ oven peidaqonal 
forms, these being marked as varieties by their exact correspondence 
in sculpture, (*olour, &c., with the normal triangular forms.* This 
departure is extremely remarkable, since it breaks down what seems 
at first to be the most distinctive character of the genus ; and its 
<K‘currence is an indication of the degree of latitude which we ought 
to allow in other cases. It is difficult, in fact, to distinguish the 
.sipiare forms of Tricerathtm from those included in the genus 

^ See Mr. Brightwell's excellent inemoirH ‘ Oil the genua Triceratium ’ in 
Quart. Journ. Microsc. Sciencey vol. i. 1858, p. 245 ; vol. iv. 1856, p. 272 ; vol. vi. 
1858, p. 158 ; also Wallich in the same Journal, vol. iv. 1858, jj. 242 ; and Greville in 
Trans. Microsc. Soc. n.s. vol. ix. 1861, pp. 48, 69. 
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A7nphitetra8^ which is chiefly characterised by the cubiform shape of 
its frustules. In the latter the frustules cohere at their angles, so 
as to form zigzag filaments, whilst in the former the frustules are 
usually free, tliough tliey liave (xjcasionally been found in chains. 

Another gi'oup that seems allied to the Buldnlphiem is the curious 
assembhige of forms brought together in the family Cficetocerece^ some 
of the filamentous tyj)es of which seem also allied to the Meloswece. 
The pec'uliai* distinction of this group consists in the presence of 
tubular ‘ awns,’ frequently {>roceeding from the connecting hoop, 
sometimes spinous and s(irrated, and often of great length (fig. 458) ; 
by the interlacing of which the frustules are united into filaments 
whose continuity, howev er, is easily broken. In the genus Bacterias- 
ti'um (fig. 459) there are vsometimes as manytus twelve of these awns, 
radiating from oacli frustuh^ like the spokes of a wdieel, and in some 

instances regularly bifurcating. 
With this group is associated the 
genus Rhizoaoleiiia, of which sev'eral 
species are distinguished by the ex- 
traordinary length of tlie frustule 
(which may be from six to twenty 



Fio. 458. -Chcctocvros Wtghmnu . a, front Fan —Bacfrrkistnttn 

view, and aide \iew of frusiulo; r, Hide furcatinn 

view of connecting hoop and awns ; 
entire filament. 

times its breadth), giving it the aspect of a filament (fig. 460), 
by a tninsverse annulation that imparts to thus filament a jointed 
appearance, and by the termination of the frustule at each end in a 
cone, from the apex of which a straight awn proceeds. It is not a 
little remarkable that the greater numbei* of the examples of this 
curious family are obtained from the stomachs of Ascatlians, Salpie, 
Holothurise, and other marine animals.^ 

The second principal division (B) of the Diatomacefe consists, it 
w ill be remembered, of those in wdiich the frustules hfiv e a median 
longitudinal line and a central nodule. In the first of the fiimilies 
which it inchides, that of Coccoyieidete^ the central nodule is obscure 
or altogether w^anting on one of the valves, which is distinguished as 

^ See Brightwell in Quart. Jotirn. Microsc. Science, vol. iv. 1856, p. 105 ; vol. vi. 
1858, p. 93 ; Wallich in Trans. Microsc. Soc. ii.s. vol. viii. 1860, p. 48 ; and West, in 
the same, p. 151, 
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the inferior. This family consists but of a single genus, Coccoiieis, 
which includes, however, a great number of species, some or other of 
them occurring in every part of the globe. Their form is usually 
that of ellipsoidal discs, with surfaces more or less exactly p\i*allel, 
plane, or slightly curved ; and they are very commonly found ad- 
herent to each other. The frustules in this genus are frequently in- 
vested by a membmnous envelope which forms a border to them ; but 
this seems to belong to the immature sbite, subsequently disiipj>ear- 
ing more or less completely. 



Pig. 462. -- Gomphofiema gemu 
rni 7mhri- longijjes: g, c,d^e^ natunf. its frustules connected by 

frustules in different a dichotomous stipe, 

stages of binary divi- 
sion. 

Another family in which there is a dissimilarity in the two 
lateial surfaces is that of the Achiiantheoey the frustules of which 
aie remarkable for the bend they show in the direction of their 
length, often more conspicuously than in the example here repre- 
senteil. This family contains free, adherent, and stipitate forms, 
one of the most common of the latter being AcTinanih^jB lorigipes 
(ng. 461), which is often found growing on marine algce. The 
difference between the nifirkings of the upper and lower valves is 
here distinctly seen ; for, while both are traversed by striae, which 
are resolvable under a sufficient power into rows of dots, as well as 
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by a longitudinal line which sometimes has a nodule at each end 
(as in Naviciila), the lower valve (tt) has also a transvei*se line form- 
ing a staaroa, or cross, whicli is wanting in the upper valve (e). A 
persistence of the connecting membrane, so as to form an additional 
connecTtion l>etween the cells, may sometimes be observed in tlil.-^ 
genus; thus in fig. 461 it not only holds together the two new 
frustules resulting from the Hub<livision of the lowest cell, which 
are not yet completely separated the one from the other, but it may 
be observed to invest the two frustules h and c, wdiich have not 
merely sei)arated, but are themselves beginning to undergo binary 
subdivision ; and it may also be percoivecl to invest the frustide 
from which the fi ustule e, Ijeing the terminal one, has more com- 
pletely freed itself. 

In the fctmily (JijmhelUa^ on the other hand, l)oth valves possess 
the longitudinal line with a nodule in the middle of its length ; but 
the valves have the general foj*m of those of tlie Eanotiew, and tla^ 
line is so much nearer one juargin tlian the otJier that the nodule 

is sometimes rather mar- 


A It c 



Fig. 468,—(fOfffj}/tonrma geminatum^ more highly 
magnified: A, Hide view of frustiile; B, front view; 
C, fruntulc in the act of division. 


ginal than central, as wc 
see in (JocconPina (fig. 
468,/). 

The Oomphonem€<p^ 
like the Merxdlew and 
LiCtnojdiOVPir^ have frus- 
tules which are cuneate 
or wedge-shaped in their 
front view (figs. 402,463), 
but are distinguisheil 
from those forms by tlu' 
presence of the longi- 
tudinal line and cential 
nodule. Although there 
are some free foiius in 


this family, the greater 
pirt of them, included in tlie genus Gomphoimna^ have their frus- 
tules either affixed at their bases or attached to a .stipe. This stipe 
.seems to l:)e formed hy an exudation from tlie frustnle, which is 
secreted only during the pi’oeess of binary division ; hence, when 
this process has been completed, the extension of the single filament 
below the frustule ceases ; bvit when it recommences, a sort of joint 
or articulation is formed, from w hich a new filament begins to sprout 
for each of the half-frustule.s ; and when these separate, they cari-y 
Hpai*t the peduncles which support them as far as their divergence 
can take place. It is in tliis manner that the dichotomous character 
is given to the entire stipe (fig. 462). The species of Go7npfionema 
are, with few exceptions, inhabibuits of fresh water, and are among 
the commonest forms of Diatomaceoi. 


Lastly, we come to the large family Naviculeff}^ the members 
of which are distinguished by the symimetry of their frustules, as 
w^ell in the lateral as in the front vitnv, and by the presence of a 
median longitudinal line and centml nodule in lx>th valves. In the 
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genus Xavicula and its allies the frustnles are free or simply 
adherent to each other; while in another hu'ge section they are 
included >\dthin a gelatinous envelope, or are enclosed in a defi- 
nite tubular or gelatinous frond. Of the genus Xmnctda an 
immense nuinl)er of s^^ecies have been descTi})ed, the gi'ounds of 
separation being often extremely trivial. Those which have a 
lateral sigmoid curvature have been separated by Mr. W. Smith 
under the designation Plettroslgma, which is now generally adopted ; 
but his separation of a notlier set of species under the name Pimm- 
laria (which had been previously applied by, Ehrenbcug to designate 
tlie striated species), on the gi*ouuil that its stria? (costa?) are not 
lesolvable into dots, was not t'onsidered valid by Mr. lltilfs, 
bci’ause in many of the moi*e minute species it is impossible to 
distinguish with certainty between strise and cosbx*. Mr. Slack has 
since given an account of the resolution of the so-called costa^ of 
twelve species of Plnnnlarim into ‘ lieaded ’ structures.^ The beauti- 
ful genus Stanronms^ which belongs to the same gi’oup, differs from 
all the preceding forms in having the central nodule of each valve 
dilated laterally into a band fi'ee from stride, which forms a cross 
with the longitudinal band. The multitudinous species of the genus 
Xarlcfda are for the most part inhabitants of fresh water ; and they 
constitute a large part of most of the so-called ‘ infusorial earths ’ 
which were deposited at the bottoms of lakes. Among tl^e most re- 
markable of such deposits are the sulistances largely used in the arts 
for the polishing of inehils, under the names of Tiipoli and rotten - 
stone ; these consist in great part of the frustnles of Narictdw and 
Pi nnnlaria\ Tin* Polier8chiefoi\ or ‘ polishing slate,' of lliliii in 
llohemia, the powder of which is largely used in (iermany for the 
same purpose, and xvhK*h also furnishes the fine sand used for the most 
<lelicate castings in iron, occurs in a series of beds averaging fourteen 
feet in thickness, and these i>resent appearances which indicate that 
they Ijave been at some time exposed to a high temperature. The 
well-know n * Turkey-stone,’ so generally employed for the sharpening 
of edge-tools, seems to be essentially composed of a similar aggrega- 
tion of frustnles of X avicnUfi^ tfec., which have been (‘onsolidated by 
ht*at. The species oi Pleitrosigmu^ on the othei* hand, are for the most 
jwirt either marine or are inhabitiinis of brackish water, and they 
comparatively seldom present themselves in a fossilised state. (3f 
Staiiromis some species inhabit fresh water, wdiile others are marine ; 
and the former i)resent themselves frefiuently in certfiin ‘ infusorial 
earths.’ 

Of the members of the sub-family Schizo'iieifmfe, consisting of 
those Xavicideoi in which the fru.stules are united by a gelatinous 
envelope, some are remarkable for the great external resemblance 
they bear to acknowledged algie. This is especmlly the case with 
the genus Schizo'iiema, in which the gelatinous envelope forms a 
regular tubular frond, more oi* less branched, and of nearly equal 
diameter throughout, within which the frustnles lie either in single 
file or without any definite arrangement (fig. 464), all these frustnles 
having arisen from the binary division of one individual. In the 
‘ Monthly Microscopical Journal^ vol. vi., 1871, p. 71. 
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germs Ma 8 to(jh>'m , wliicl* i> sp(M*i;illy distingiiislied hy having the 
annulus f’urnislird with int< inal cc.^ta* j»i'<)j<*('ting into the cavity of 
t he fi’iisl 111*', <‘a(')i rru>.tid*‘ i> x-jiaiatcly su j)))<>rt<‘d on a gelatinous 
cushinn (lig. lt)A, II). \\hichnia\ it>*-lf lx* cit iu-i* hruia* on a, Inancliing 
stipe (i\). oi' may lx* aggr<‘gat»‘*l with *>th<'is into an ind<*(init<' ma>s 
(llg. -Ihh). The <-ai*‘ful stu<l\ of these c*)mjxjsit*‘ fol uis is a inatt**r 
of great iuiportanc*', since it **iiahl(‘s us to hring into compai'ison 
w itii each o 1 her great uuinlx'rs of frust uh*s \v hi('ii ha\ *' iitKpK'stionably 
a (‘oumioji d<'sc(‘ut, and which must therefore Ix' account***! as of the 
saiiK' spi'cies, and tliUs to obtain an i<lea of tla* vv/y/yc ruf r(( rUition 
j)re\ailing in this grou[>, witliont a hnowhalge of whicli sp<'cilic <lefi- 
nition is altog**t h<‘r unsafe. <)f‘t,h<‘ \ cry st nongK marked \arit‘ti*‘> 
which may occur vvitliin th** limits of a single s[x*ci('s, w*‘ ha\(‘ an 



i’lO. 464. — Sr/ii :<>iif/na dirrlN}! : A, mUniMl B, portion magniBed iiive 
diameters; C, tiliuuent magnitU'd lea diiUiieters ; I), single frustule. 

t‘xamph‘ in tite valves C, D, E, F (fig. 4(55), whicli would scarcely 
havi‘ Ixx'u supposed to belong to tlu‘ same specific type did they not 
occur upon I la* same stipe, 'rin* car*'ful study of these varietiexs in 
e\ery insl.imc in which any *lisposition to \'ariation shows itself, 
so as to /vv7/o/' til*' enormous numlxu- of spec-i<‘s with which our svs- 
teinatic treatises art* loade*!, is a pursuit of far greater real value 
than the multipliaiiiou of speci*‘s by the detection of such minute 
differences as may 1)** ])r*‘s*Mi1 *mI l>y forms discovered in iu*wly 
explored localities; such (litf*‘reiuH‘s as hav** already been pointed 
out Ixung, pi‘ohal»ly, in .a lai’g** j>ropoi tiou ot*cas(‘s, the r*‘sult oftli(‘ 
multiplicat ion of some om* foi-m, w liich. umh'r naxlilyiiig inilut'uc*‘s 
that we do not yet nmh'rstaml, has *h*parli*d tVoni 1 he oidinary type. 
The more faithfully and comprehensively tlii> .^tudy is carried out in 
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r///// (lr|>ai tniriit ot’n.iturnl tlu' iimre (l(u*s it llu^ 

of \ .11 lat lull tUi* iiirattM* than li.nl Ik h‘ 11 ]ti r\ khi^In unai^iiu'il ; 
and t"-j .(‘ciall \ to 1 k‘ tin* caso \\itli >Ufli Iniiuhle 

t>i*gani>ina as tliox' w 0 l)a\ Krcii (‘oiisuli'i iiiu;. siiit-o tliov ai r oU\ ionsly 
liiovt' inllucau-rd than iho.sr t>l' hii^lirr !>}>*'> ])\ thr ronditioii.s imdrv 
whicli tlirv arr drvrloped ; wliiUt. 1 m m tlir \rr\ wnlr L:ro^n*a}'liU‘al 
raiigt* thi'onirli u Inch the sjunr tdi iii.s ar(‘ dilln.s(Ml, tlu‘y jir(‘ Md)|rrt 
to very grr.it (Inri sities of surh <‘on(lition.s. 

The ^rnrial liahits of tlds most interesting gronj) ranin 1 he 
better statrd than in thr wouls of Mr. \V. Smith ‘The 

Tk. 4G5. 



Fio. 465. — Maatogloia Smithil : A, entire stipe; B, frustule in its f^elatmons 
envelope; C-P, different lorms of frustule as seen in side view ; (1, front \n“sv 
H, frustule undergoing subdivision. 

Fio. 466. — Mastoffloui lafirf^ohifa. 

I)latoi}U/(‘r(r inliahit the s(‘a or fi rsh \satrr . hut. th(‘ sprrif^s ])eenliar 
to tlir oiH' ai r iK'Vi'i' found in .a liNinL; sf.iti* in tin* ot hri lora!it\ ; 
though t Ina r ai’r .soi nr u liirh pi (drr a nirdmni of a m i \ rd na 1 in (‘, and 
arc only to lae met with in water more 01 Ir^.s hi arkisli. 'fhr Inttn- .11 o 
often found in great abundance and vniirt s m di.strirts orca>iona ll\ 
Mihjia t to marine influence.s, sucli as mar.sju*^ in the nriglihoin IhhmI 
ol’tlir s(M, or tlie deltas of ri\rr'«, wlinr, on thr ocrii nriiri* of hijuli 
tidrv, th(‘ tM‘slinrss of thr watri is .iflrrtrd h\ (in rol.it 1011 from thr 
ailjoining si i u.uii, or nioi r dll ret l\ h\ tlir occasion, il o\nllo\\ oi’ it- 
h:uds-«. (Ithn* fivoiiiitr habitats of the f < n , nr -tom - of 

inouiitain .sti ranis or \s aterfalks, and tin* .shallow poofs left by thr 
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r<‘t, t at the nioiiths ofLiur larger riv'ers. 'riu-y arc not. how- 
cv(>r, cimfiinMl to llic lo(‘aIilics I li;ive mentioned they ai-c. in fact, 
most nl)i(|iiit-ons. and tlicrc is liar<lly a imdsicF' ditch. \\at**r trough, 
or ci>fci-n, which will not i-cwai'd a scnrcli and Lirnish s[)t‘ciincns 
of' t he ti ihc.' Snell is t heir alaindancc in some ri\ei-s ami (‘stnarii's 
that theii' multiplication is allirmed by Proiessoi* Klireidieig to have 
exercised an important influence in Idocking U]> iiarliouis and 
diifiinishing t la* dept h otchannels ! < tft I extraordinary ahundance 
in certain paits of tin* ocean the best evklence is afibi*d(‘d by tlie 
obsei’v at ions of Sir J . I >. I lookim upon t la* /)}iftotti(K‘i’(r of the soiitbern 
s«*as ; for w it bin t la- A nta ret ic ( fircle they are n-nden-d p(*culia] ly 
conspicuous b\' becoming enclost‘d in tia* newly foi‘me<l ic(*j and by 



Fai. 107 . - Fossil I tiiiloaua-oM*, Ac., I'rom ( )nui : a. a, a, Cosv'niudiscns) (>, h, 
Ad inodjcl ns \ r, J )id nodi [Id jihii/d ; i/, Li t hdstrrisc h s nn/idfiis; a, Spo/Hfo/ifhis 
ddriiltirls : J , f\ ( i ra iiiiiidlojiiinrd paroUrld (sicU; view) ; ij, //, (Jranunatojjl/onr 
ani/iilosd (front \ iow). 

being ^\asbed up in myriads by tla* s<*a on to tin* ‘ pack ’ and ‘ bt'rgsf 
e\(*rywher(‘ staining tla* white ice and snow a pale oclni-ous brown. 
A <k'posit of niial, chi<'lly consi.st ing of tla* silict*ous \ aK (*s of JJiato- 
not less than 1(H) miles long and 120 mil(\s broad, was fmiial 
at a <lepth of bet wct*n 200 and 400 tet‘t. on the flanksof Victoria Land 
in 70° sout h lat it lah*. ( )f the thiekm*ss of this deposit no eonjt-ci nre 
coidd be formed ; but that it mu.st be continually incr(*asing is (*\ i- 
dent, the sih‘X of ^\hich it is in a gia'at na*asuri* composed lK*ing 
imiestruct ibh*. A fact ol peculiar intt*rest in coniK'ctioii with 
this <l(‘posit- is its exO'nsion o\er the submarine Hanks of Mount 
Kr(*bus, an acti\'e volcano of 12.400 feet t*levation, sin(*«* a commu- 
nication bt*tw(*(*n tla* oc<*an wat«‘rs and the bow(.‘ls of a vok'ano, such 
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as tliere are* otlua ini: to 1 m‘ o('(*asi()i).i]l\ foniHal, 

would :u*(‘ouut f*'>i tla* |noM‘Uot‘ ot I htdout^n * tt in \oltMnu' 
and puiuu-o wlncli diM-oviuod by l*i »i hln onlu'i'i:. It 

remarked by 8ir J. T>. Hooker that tlu‘ unnoisal pn'M-nei' «•!' 
microscopic* vegetation throughout tlu* South Pol.ii- (Koun is a most 
imjKU'tant feature, since tluae i'- a uiai ked deiieuaicN in this 
i*e"ion of hitrlier forms of vegetation ; an<l wmeit not toi t luan, t hi‘l e 
would neither I u* food for aquat ic animals, nor (i( it wen* pos.silih* 
f)r lla'^e to maintain themsehes l)v ])re\in^»- on 01m another) could 
tlie ocean watta- Im* pni ilied of tlie carbonic acid winch animal 
n‘^[>irat ion and de( ompositmn would be contninallv nuj'ai t mitlo tliem. 



l'i(, t(is I'd'.-il 1 IiatomtweH*, ttrc , from Mouim Mnniit.oii'-, Ih'I.uhI a n, a, 
( I <1 / f fdHcl Id i t/i- /( ►s / / rO y>/ (M r y a ami t/ y/yv/ n n tut d , (L <L >L (• ^d\i i mid I s nl(‘ \ u*\\ i , 
/>, Sinntlld phtdtd, y, S tidfntild. /. , S t dh <{idii< d , (, ( n>ni /)hmd did 
ffidiih ; /, ( '01 I mil dtd fdstil/iini, (/, 'IdhiUdint Idli/dii'^, A, J ‘ I fi d d Id J Id 

itd< t i/i II s ; /, V imhiliff, /, Siinrihd dliid 

It is mter(‘stin^ to obsri\(‘ that some sjM-cie'' of iii<n me diatoms ,iie 
found throuirli (woiv depict* ol latitinlr hetwioii S| )it /hei i^(‘n an<l 
N'lctoria Land, win Nr othei s ^eem bunted to pai t rcidar 1 e;,dons < )iie 
of the most siiijimlal insfamc'^ of thr { >1 esm \ <tf n at <d diat oma( 0011 
forms IS theil existence in liuano, into winch the\ most ha\r passed 
from the intestinal canals of tlic hinN of whose .leeiiiindated e\< re 
111 el it that suhslam e is composed, t hose birds liaN ini: 1 eee)\ ed t hem i 1 
is piobahle. fioiii shell fish, to which tliese minute oii^anisins ,sei \ e 
as 01 dinar\ food 

'riu* mdesti IK tihle natnio of tla* s]li( iji(‘d casings ol hinlimHunt 
has also sei ved to j>er['-etnati‘ their pix'senee in nniiieious |o<alnio- 
from which tlieii Iniiiir foi ms lia\e long since disa [»p(*a 1 ed , foi the 
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accumulation of sediment foi*me<l by their successive production and 
<leatyi, even on the bed of the ocean oi* on the bottoms of fresh- 
water lakes, gives rise to deposits which may attiiin considerable 
thickness, and which, by subsecfuent changes of level, may come to 
foi*m part of the dry land. Thus very extensive siliceous strabi, 
<u)nsisting almost entirely of marine J)iatoniace(u^ are found to alter- 
nate, in the neighbourhoo*! of the Mediterranean, with ealcai-eous 
strata tdiiefly formcul of Foraminifera^ the whole series being the 
I'epresentative of the chalk formation of Northern Europe, in which 
the silex that was probably (h^posited at first in this foi iu has under- 
gone conversion into Hint, by agencies hereafter to be considered. 
Of the diatonmceous composition of these strata we have a character- 
istic example in fig. 407, which represents tlie fossil Dfatomucece of 
Oran in Algeria. The so-called ‘infusorial earth' of Richmond in 
Virginia, and also that of Bermuda, both marine deposits, are very 
celebrated among microscopi.sts for the number and beauty of the 
forms they Imve yitdchul ; the forimu- constitutes a stratum of eighteen 
fe(4; in tliickness, underlying the whole city, and e.xtending over an 
area whose limits are not known. Sev(‘ral de{>osits of more limited 
extent, and ap[)arently of fresh- water origin, liave ])een found in our 
owui islands ; as, for instance, at Dolgelly in North Wales, at South 
Mourne in Ireland (fig. 4(18), and in the island of ]Mull in Scotland. 
Similar deposits in Sweden and Norw'ay are known under the name 
of lieA'(jmehl^ or mountaiu-fiour ; and in times of scai'city the inlui- 
bitiuits of those countries are accustomed to mix the.se substances 
wdth their dough in making bread. This has been supposed merely 
to have the efiect of giving incrt‘ased ])u1k to their loa ves, so as to 
render the really n\itritive portion moi’e satisfying ; but as the 
Ihnjmphl has been found to lose from a ((uartt*r to a third of its 
weight by exposure to a red heat, there seems a strong probability 
that it contains organic matter enough to render it nutritious in 
itself. When thus occurring in strata of a fossil or sub-fossil 
character, the diatoinaceous ile[)osits are generally distinguishable as 
white or cream-coloured powders of extreme fineness. 

For collecting fresh DkitomacPie those general methods are to be 
had recourse to which have been already described. ‘ Their living 
masses,’ says Mr. W. Smith, ‘ present themselves as (coloured fringes 
attjiched to larger plants, or forming a covering to stones or rocks 
in cushion-like tufts — oi- spread over their surface as delicate velvet — 
or de|K>sitiug themselves as a filmy stnitum on the mud, or inter- 
mixed with the .scum of living or decayed vegetiition floating on the 
sin^face of the water. Tlieir coh)ur is usually a yellow i.sh -brown of a 
greater or less intensity, varying from a light chestnut in individual 
specimens to a shade almost approiiching black in the aggi*egated 
masses. Their presence may often be detected, w ithout the aid of a 
microscope, by the absence, in many species, of the fibrous tenacity 
which distinguishes other plants ; when removed from their natural 
position, they become distributed through the watei*, and are held in 
suspension by it, only subsiding after some little time laxs elapsed.’ 
Notwithstanding every care, the collected specimens are liable to be 
mixed with much foreign matter ; this may be partly got rid of by 
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repeated washings in pure water, and by taking advantage, at the 
vsarne time, of the different specific gi'avities of the diatoms and of 
the intermixed substances, to secui*e their separation. Sand, being 
the heaviest, will subside fii-st ; fine particles of mud, on the other 
hand, will flo^it after the diatoms have subsided. Tlie tendency of 
living diatoms to make their way towards the light will afford much 
assistance in procuring the free forms in a tolerably clean state ; for 
if the gathei ing which contains them be left undisturbed for a suffi- 
cient length of time in a shallow vessel exposed to the sunliglit, they 
may be skimmed from the suiface. Marine forms must be looked 
for upon seaweeds, and in the fine mud or sjind of soundings or 
dredgings ; they are frequently found also, in considerable numbers, 
in the stomachs of Holothurhe, Ascidians, and Halpje, in those of the 
oystei*, scallop, whelk, and other testaceous molluscs, in those of the 
cr«ib and lobster, and other Ci-ustacea, and even in those of the sole, 
turbot, and other flat-fish. In fact, the diatom collector will do 
well to examine the digestive cavity of any small aquatic animals 
that may fall in his way, rare and beautiful forms having been 
obtained from the interior of Xoctihoxt, The separation of the 
diatoms from the other contents of these stomachs must be accom- 
plished by the same ja-ocess as that by which they are obtained 
from guano or the calcareous ‘infusorial <‘arths.’ Of this the 
following are the most essential particulars : The guano or earth is 
first to be washed several times in pure water, which should be well 
stirred, and the sediment then allowed to subside for some hours 
before the water is poured oft*; since, if it be dt^canted too soon, it 
may carry the lighter forms away with it. Some kinds of earth 
have so little impurity that one washing suffices ; but in any case it 
is to be continued so long as the water )*emains coknii*ed. The 
deposit is then to be treated, in a flask or test-tube, with hyih’O- 
cliloric acid, and, aftei- the first eft’ervescence is ovm*, a gentle 
heat may be applied. As soon as the action has ceased, ami time 
has ])een given for the sediment to subside, the acid should be 
poured off and another portion added ; and this should be repeated 
as often as any effect is produced. When hydrochloiic acid ceases 
to act, strong nitric acid should be substituted; and after the fii*st 
tdfervescence is over, a continued heat of about 200° K. should be 
ap[)lied for some bours. Wlien sufficient time has been given for 
subsidence, the acid may be pouied off ami the sediment treated with 
another portion ; ami this is to be repeated until no fin-ther action 
takes place. The sediment is then to be washed until all trace of 
the acid is removed ; and, if tlnu-e have been no admixture of siliceous 
sand in the earth or guano, this sediment will consist almost entirely 
of J)iatomacf,(e, with the addition, perhaps, of sponge-spicules. The 
sepaiation of siliceous sjiml and the .sub<livision of the entire aggre- 
gate of diatoms into the lai-ger and the finer kinds, may be jiccom- 
plishe<l by stirring the sediment in n hill jar of water, and then, 
while it is still in motion, poiii-ing off the supernatant fluid as soon 
JUS the coar.ser particles have subsided ; this fluid should Ije set aside, 
and, as soon as a finer sediment has subsided, it should agfiin be 
poured off ; and this pi-ocess may be repeated three or four times at 
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increasing intei'vals, until no fui*ther sediment subsides after the 
lapse of half an hour. The fii*Ht sediment will probably contain all 
the sandy particles, with, perhaps, some of the hugest diatoms, 
which may be picke<l out from among them ; and the subsequent 
sediments will consist almost exclusively of diatoms, the sizes of 
which will be so gi-aduated that the eailiest sediments may be 
examined with the lower powers, the next with medium powers, 
while the latest will requii e the highest powers — a separation which 
is attended with great convenience.^ It sometimes happens that 
fossilised diatoms are so strongly united to each other by siliceous 
cement as tiot to be separable by ordinary methods ; in this case, 
small lumps of the deposit should be boiled for a short time in a 
weak alkaline solution, which will act upon this cement more readily 
than on the siliceous frustules ; and as soon as the lump is softened, 
so as to crumble to mud, this must be immediately washed in a large 
quantity of water, and then treated in the usual way. If a veiy 
weak alkaline solution does not answer tlie pur})ose, a stronger one 
may then be tried. This method, devised by Professor Bailey, has 
been pi'imtised by liim with miuli success in vainous cases. 

The mode of mounting specimens of Diatomticew will depeml 
upon the purpose which they are intended to serve. If they can l)e 
obtained cpiite fivsh, and if it be desired tliat they slmiild exhibit, ns 
closely as possible, the ni)pearaince presented by the living plants, 
they aliould be j)ut up in aqueous media within cement-cells ; but if 
they are not thus mounted within a. short time after they have been 
gathered, about a tenth part of alcohol should be added to the water. 
If it bo (iesired to exhibit the stipitate forms in their natural position 
adherent to other a(|uatic plants, the entire mass may be mounted 
in Deane s medium or in glycerin jelly, in a deeper cell ; and such a 
preparation is a very beautiful object for the bmikgroiind illumina- 
tion. If, on the other hand, tlie minute .structure of the siliceous 
envelopes is the featurt^ to be brought into vi(^w, the fre.sh tliatoins 
must be boiled in nitric oi* hydrochloric acid, which must then be 
poured off (sufficient time being allowed for the deposit of tlie 
residue) ; and the sediment, after being washed, should be boiled in 
water with a small piece of .soap, whereby the diatoms will be cleansed 
fi‘om the flocculent matter which they often obstinately retain.® 
After a fui’ther washing in pure water, they are to be either mounted 
in balsam in the ordinary manner, or be set up ^ <lry ^ on a very thin 
slide. In order to obtain a satisfactory view of their markings, 
objectives of very large aperture are required, and all the improve- 

^ A somewhat more complicated method of applying? the same principle is described 
by Mr. Okeden in the Quart. Journ. Micronv. Science^ vol. iii. 1855, p. 158 
The Author believes, however, that the method above described will answer ev'ery 
purpose. 

* For other methods of cleaning and preparing diatoms, see Quart. Journ. of 
Micronc. Scirnret vol. vii. 1859, p. 167, and vol. i. n.s. 1861, p 143 ; and Trans, of 
Microsc. Soc. vol. xi, n.s. 1868, p. 4. A little book entitled Practical Directions 
for Collecting f Preservingj Tranaportingy Preparing, and Montding Dtn^o/as (New 
York, 1877), containing papers by Professors A. Mead Edwards, Christopher Johnson, 
and Hamilton L. Smith, will be found to contain much useful information. 

5 See Prof. H. L. Smith in Ame7\ Journ. of Microscopy, vol. v, 1880, p. 257. 
tt is important that the soap should be free from kaolin, silex, or any other Insoluble 
matter. 
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ments which have recently been introduced in the construction and 
mode of using the sub-stage condenser require to be put into prac- 
tice. But to those who have the time, tlie will, jind the appliances, 
there is a fine field now oj>en for working, to a far highei* })oint than 
we have touched at present, the true structui e of sucli diatoms as 
(*;Ui be made amenable to the powei’s possessed by (uir best recent 
optic^al appliances ; and for the leisure of a professional or commercial 
man we know of no more suitable and attractive employment for tlio 
micros(‘ 0 {x». It will often be convenient to mount certain particular 
foi'iiis of ])kttomace(^ separately fi'oin the gen(,n*al aggregate ; but, on 
account of their minuteness, they cMinnot be selected and removed 
by the usual means. The larger forms, which maybe readily distin- 
guished under a simple microscope, may be taken up by a camel’s- 
hair pencil which has been so trimmed as to leave two or thi'ee hairs 
])rqjecting beyond the rest. But the smaller (*an only be dealt with 
by a, single fine bristle or stout sable-hair, w liich may be insert(*(l 
into the cleft end of a slender wooden handle; and if the hidstle or 
hair should bt^ split at its extremity in a hi ush-like manner it will 
he particularly useful. (8uch s[)lit hairs may always be found in a, 
shaving-hrush which has been fin* some time in use; those should be 
selected which have their s]>lit portions so closely in (‘ontact that 
they appear single until touched at their ends.) When the split 
extremity of such a hair touches th(» glass slide, its parts s(‘parate 
from each other to an amount proportionat(‘ to the pressurt^ ; and, on 
being hroiight up to the object, first pushed to the edge of the liuid 
on the slide, may generally be made to seize it. A very i‘xperienced 
American diatomist, Profe.s.sor Hamilton Smith, strongly recom- 
mends a tlir(‘ad of gla.ss <lrawn out to capillary fineness and flexi- 
bility, by which (he says) the most delicate diatom may be safely 
taken up, and deposited upon a slide dam})eil by the breath. For 
the .selection and transference of diatoms under the compound 
microscope, recourse may be had to some of the forms of ‘ mechanical 
finger’ which have been devised by American diatomists.* 

Fhaeosporese. — The greater number of the seawe<*ds (whibit a 
higher type of organisation than any tliat Ims liithertolM*en d(‘scribed. 
The old classification of seaweeds into Melaiiosporea', Jihodosjwrea'^ 
aiul (Jhloro8pore(e, according a.s their colouiang matter is olivt'-brown, 
red, or gieen, (‘annot altogether be retiiined. Under the head of 
J^Jut ospm'ece are now included a very largi? number of the bi-own and 
olive browui .seaweeds. In a.sceinling this .series we .shall have to 
notice a gradual differentiation of organs, those set apait for l epro- 
duction being in the fir.st place separated from those appropriatetl 

* For a (leHcription of tliose of Prof. Hamilton Smith and Dr. Rezner, see Journ. 
of Hoy. Microsc. Soc. vol. ii. 1879, p. 951, and that of Mr. Yeeder, vol. 111 . 1880, 
p. 700, of the aame Journal. 

[A very large number of observatioiia have been made during recent years by 
Castracane, O. Miiller, LauterbOrn, Comber, Murray, Miquel, and others, on the 
structure of the diatom- valve, on the various modes of reproduction, and on the 
phenomena accompanying their apparently spontaneous powers of motion, and 
several schemes of classification of the genera have been proj>osed. On these, too 
numerous to mention here, and some of which still require confirmation, the reader 
should consult the successive volumes of the Journal of the Royal Microscopical 
Society. —Ed.] 
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to nutrition ; while the principal pai*ts of the nutritive apparatus, 
which are at first so blended into a uniform expansion or thallus 
that no real distinction exists l)etween root, stem, and leaf, are 
progressively evolved on ty[)es more and more peculiar to each 
respectively, and have their functions more and more limited to 
themselves alone. Hence we find a ‘ differentiation,' not merely in 
the external form of organs, but also in their internal structure, its 
degree bearing a close corresj)ondence to the degree in which tbeii* 
functions are resi)ectively apecialised or limited to ptirticular actions. 
But this takes place by very slow gradations, a change of external 
form often showing itself before there is any decided differentiation 
either in structure or function. Thus in the simple Ulvacece, what- 
ever may be the extent of the tliallus, every part has exactly the 
same structure, and pei*f()i*ms the same actions, as every other part, 
living yb?* and by itself alone. And though, when we pass to the 
higher sc^aweeds, such as the common Facus and Laminaria, we 
observe a certain foieshadowing of the distinction between i*oot, 
stem, and leaf, this distinction is very imperfectly carried out, the 
loot- like and stem-like ]K)rtions serving for little else than the 
mechanical attachment of the leaf-like part of the plant. There is 
not yet any de[)arture from tlie simple cellula/r ty[K^ of structuie, 
the only modification being that the sev'eral layers of cells, wheie 
many exist, are of different sizes and shapes, the texture being 
usually closer on tlie exterior and looser within, and that the tex- 
ture of the stem and roots is denser than that of the leaf-like expan- 
sions or The cells of the PJiceosporece contain a substance 
irlosely resembling starch, and an olive-brown pigment, which they 
share with the Fucacece, known phyco-phcein ov faco-xanthin. The 
group of olive-green seaweeds presents us with the lowest type in 
the family Ectocaipaceoi, which, notwithstanding, contains some of the 
most elegant structures that are anywhere to be found in the group, 
the full beauty of which can only be discerned by the microscope. 
8uch is the case, for example, with Sphacelaria, a small and delicate 
seaweed, which is very commonly found gi*owing inx>n larger algje, 
either near low-water mark or altogethei’ submerged, its general 
form being remarkably chariwterise<l by a symmetry that exteiuls also 
to the individual branches, the ends of which, howevei*, have a 
decayed look. The apical cell of each branch is uncoiticated, and 
frequently develops into a hollow chamber of considerable size, 
termed a sphacele, and filled, when young, with a dark mucilaginous 
substance which, at a later stage, l)ec*omes watery. The Epkacela- 
riacece are propagated in a non -sexual manner by j)eculiar buds or 
gemmse known as propay ales. 

The ordinaiy mode of propagation of the Pha^osporete is by non- 
sexual zoosj)ores ; and these are of tw o kinds, produced respectively in 
unilocular and multilocular zoospomnges. The former are compai-a- 
tively large, nearly spherical, ovoid or pear-shaped cells, the contents 
of which break up into a large number of zoospores. The multi- 
locular zodsporanges have the appearance of jointed hairs, and are 
divided internally inh) a number of chambei's, each of which gives 
birth to a single zoospore. The zoospoi*es from the unilocular 
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spoi*anges appear in all cases to germinate dii'ectly, while those from 
the multilocular spoi-anges sometimes coalesce in imivs before ger- 
minating. The different families of Fhceosporeoi present a most 
interesting gradual ti'ansition fixim the conjugation of swai*m-celLs 
to the impregnation of a female ‘ obsphere ' by male antherozoids. 
In Ectocarpm, Girmvdia, and Scpto^ipkoii, conjugation takes place 
between swaim-celLs from the multilocular sjioranges which appear 
to be exactly alike, but a slight differentiation is exhibited in one of 
them coming to rest and partially losing its cilia l^fore conjugation 
takes place (lig. 469, IT). Male sexual organs also occur in the 
Sp/tacelariacecfi, but no actual process of conjugation has as yet been 
obseiwed. In Cutler ia and Eaiiar- 
dhiia the differentiation is more 
complete. The male and female 
swarm-cells are produced either on 
the same or on <lifferent individuals ; 
the latter are much larger than the 
foi’iner, and come perfectly to rest, 
entirely losing their cilia before 
being impregnated by the former. 

In JDictyota the differentiation is 
carried still further, and the 
female reproductive bodies are true 
‘ ouspheres,^ being from the first 
motionless masses of pi*otoplasm not 
provided with cilia, while the an- 
therozoids exhibit motility only for 
a very short time, and each is j>ro- 
vided only with a single cilium of 
unusual length. In the family 
fjciiiiinariacece, belonging to the 
l^ho’osporece^ are included many of 
the largest of the seaweeds, chiefly 
natives of southern seas, the frond 
often attaining enormous dimen- 
sions, and exhibiting rudimentary 
differeutiatioii into rhizoids or 
organs of attachment, stem, ami 
leaves. Such are Lessonia, which 
grows to a gi’eat height and re- 
sembles a bi*anching tree with pendent leaves twf) or three feet 
long : Mcuyt'ocifstis^ where the stalk like base of each bmnch of the 
leaf is hollowed out into a large pear-shaped air-bladder ; Nereocyatis, 
Lainhiaria, and othei's. 

In the FucaceeB the generative apparatus is contained in the 
globular ‘ conceptacles,^ which are usually sunk in the tissue near the 
extremities of the fronds. In some species, as Fueua platycarpm, 
the same conceptacles contain both ‘ antherids ’ and * oogones ; ’ in 
othei’s these two sexual elements are disposed in different conceptacles 
on the same plant ; whilst in the commonest of all, F, veaicido^m 
(bladder-wi*ack), they are limited to different individuals. When a 

8 s 2 



Fio. 469. — Process of conjugation 
in Ectocarpua nilicnJoaun. (From 
Vines’s ‘ Physiology.’) I. «-/, the 
female zoospore coming to rest ; 

II. , the female zoospore at rest, 
surrounded by male zoiispores ; 

III. a-e^ fusion of male and female 
zoospores. 
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N<"otioTi is ina<lf^ throngli one of the flattened conceptax-les of F. platj/- 
rv//yv^s‘, its iiitcl’ior is sim'Ii to ]»• a, iH*arly glolmlar cjuity (fig. 470). 
lined with hairs. s<.uv(; <*(“ which are greatly elongated, so as to 
project thiongh tlie }>oi-e hy whicli the cavity ojx-ns on tlie .surface. 
Among these are to he distinguished, tow'ards the jxa-iod of tijeir 
maturity, cei lain lilainents (fig. 471, A), the anfh(‘riils. w ho.se 
granular contents ac(jtiire an orange hu(‘, and graihially shajH* 
t luansel \ (*s into o\al bodies (l>), <‘ach with an ora)ige-coloure(l s])ot 
and two \ ihratile cilia of une(|iial hmgth, |^lac(‘d latei-ally. which, 
when disehat'ged In' the ruj»tur«‘ ol the e»»nta!ning <elj. have t(»r a 

t ime a rapid, undnlatory 
motion wlim-ehy these 
a nthvro'.o\<1 H a r(‘ (li jfused 
through the surronnd- 
inglujiiid. Lying amidst 
t he mass of hai r>, lu'ar 
the w’alls of tlu‘ cavity, 

are seen (fig. 470) 
numerous dark ])ear- 

shapi'd l)odi(‘s^ which ai‘e 
1 h(‘ ee;/e>/nv, or paiH'Ut- 
<ells of the oospkeres. 
Each of these oogones 
gives origin, hy hinaiy 
subdivision, to a clustei* 
of eight ’ geiaii cells ’ or 
oiispheres ; and these 

are lihmated from their 
envelopes hefon* t he act 

of l\*rtilisation takes 

|)lacr‘. Phis act consists 
in t he sw arming of the 
a nt hej'o/.oids over the 
surface of the oiispheres, 
to w Inch they communi- 
catt‘ a rotatory motion 
l»y t ht‘ vihration of their 
ow n cilia. Tn the herin- 
a ph n X 1 i t e Fnci this takes 
plact' within the con- 
ceptacles, so that the 
oiispheres do not make 
tlaur <‘.\it tVom tlu‘ cavity until after they havi'lxxm fecumlatixl ; 
hut in t he moncecioiis and dimeious spt'cies I'ach kind of conc“e|)tacle 
s»‘parat(‘ly discliarges its contents, w hich come into contact on tludr 
<‘xt(‘rior. Plu‘ ant heridial cells an‘ usually ( jected entiria hut soon 
J'upture so as to give exit to the antlau-ozoids ; and the oiigoiKss also 
ilischargt^ their oiisphertxs, which, meeting with ant laaozoids, are 
fecundated hy them, 'fhe fertilised ocM/wcx soon ac<piire a new and 
firm env('lop(‘ ; and, under favourahle circumstances, t lac >])eedily 
in to di'velop t heiiiselv<\s into new plants. 'I'he first change is 


Ei(i. 170, Vortical section of conceptacic of Furus 
pldtijca rpn.s lined with filaments, among which lie 
the iintlieridial cells and the oogones containing 
oiispheres. 


i)( 
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other species of Fume, imbedded in the frond, and the ‘ berries * of 
SmgoBswm ha^ccifernm, the ‘ gnlf-weed ’ of the Atlantic, which are 
elevated on pedicels above the surface of the water. The whole 
substance of the FivcacexBj inchuling the reproductive organs, is 
coloured brown by fuco-xanthin, the same pigment as that which is 
found in the Phceoaporece, 

Among the FlorideflB, or i*ed seaweeds, also, we find various 
simple but most beautiful forms, which connect this group with the 
lower algae, especially with the fiimily Coleochmiacece ; such delicate 
feathery or leaf-like fronds l>elong for tlie most pai*t to the fiimily 
(1eramiace(K<f some mernlxu's of which ai*e found u})on every part of 



Pig. 472. 'Arrangement of tetranpores in Carpocaulon ?ne(h'fen‘atiru))i : A, entire 
plant; B, longitudinal section of spore-bearing branch. (N.B.— Where only three 
tetraapores are seen, it is merely because the fourth did not happen to be so placed 
as to be seen at the same view.) 

our coasts, attaclied either to i*ocks or stones or to larger alga^, and 
often themselves aftbrding an attachment to zoophytes and polyzoa. 
They chiefly live in deeper water than the other setiweeds, and 
their idchest tints are only exhibited when tliey grow under the 
shade of projecting rocks or of larger dark-coloured alga?. Hence, 
in growing them iU'tificially in aquaria, it is requisite to protect 
them from an excess of light, since othei’wise they become unhealthy. 
Various species of the genera Ce^'amium^ Griffiihsia^ Callliliamnion^ 
and Ptilota are extremely beautiful objects for low powers when 
mounted in glycerin jelly. In many of them the phenomenon to 
which we have pi’eviously refen*ed under the name of ‘ continuity of 
pi*otoplasm ^ is veiy beautifully exhibited. The colour of the led 
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seaweeds is due to the presence of a pigment known as rhodospemim 
or phyco-ef^l/tkrin, soluble in fresh water, which may 1)e separated in 
the form of beautiful regular crystals. 

The only mode of propagation wliich was until recently known 
to exist in this group of seaweeds is the production and libemtion 
of tetraspw'es (fig. 472, B), formed by two successive binary 
subdivisions of the contents of special cells, which sometimes 
foi ni part of the geneinl substance of the frond, but sometimes 
congregate in particular parts or are restricted to special bmnches. 
Jf the second binary division til kes place in the siiine direction as 
the first, tlie tetras)x>res are arranged in linear sci'ies ; but if its 



direction is transverse to that of tlie fiist, the four spores cluster 
together. These, wdien sepfuated by the lupture of their envelope, 
do not comjiort themselves as zoospores ; but, being destitute of 
propulsive organs, are pissively dispersed by the motion of the sea 
itself. Their production, however, taking place by simple cell- 
division, and not being the result of any form of sexual conjugation, 
the tetraspores of the Fl<yridem must be regarded, like the 
zoospores of the Ulva^cecu, as gonids^ analogous rather to the hmla 
than to the seeds of higher plants. It is now known that a true 
sexual process tjikes place in this group ; but the sexual orgiins 
are not usually found on the plants which produce tetrasj)ores. 
Antheridial cells are found, sometimes on the general surfiice of the 
frond, more commonly at the ends of branches, and occasionally in 
special conceptacles. Their contents, however, aie not motile 
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antherozoids, but minute I'ounded particles, known a8 pollinoich or 
‘ rtpei*matia,’ having no power of spontaneous movement. Some- 
times on tlie siime individuals as the antherids, and sometimes on 
different ones, ai'o produced the female organs, which curiously 
prefigure the pistil in fiowering plants. This organ is known as 
the p'ocarj)^ and consists, in its simplest form, e.g. in Porphyra^ the 
‘ purple- lavor,’ of a single cell witli a lateial hair-like appendage, the 
trichofjipie. In the higher forms it is composed of one or more 
fertile cells constituting the carpocjone^ and one or more sterile cells 
which make up the trichojihore^ and convey the fertilising substance 
from the trichogyne to tlte carpogone. Fertilisation is effected by 
the attiichment of one of tlu^ pollinoids to the trichogyne, the walls of 
whicli are absorbed at that spot, so that the fertilising material passes 
down its tube to the trichophore, and thence to the carpogone ; one 
of the cells of the carpogone contains the oosplieie, which, after 
fertilisfition, breaks up into a number of carpospores ; round these 
is freipiently foi-med a hard investment, and this structure is then 
known as a cystomrp ; from it the carpospores ultimately escape, 
and then germinate. I n the true Corallines^ which are Floruletr 
whose tissue is consolidated by calcareous deposit, not only tht‘ 
teti\‘is[)ores, but also both kinds of sexual organ, are produced in 
cavities or conceptacles, imbedded in the. thallus or forming wart-lik(‘ 
swellings ; the female concoptacle opens by a terminal orifice or 
ostiole ; the pollinoids ar(^ furnishcMl with wing-like appendages. 
In a considerable number of the red seaweeds, as, fin* example, in 
Dudresnaya, the process of fertilisiition is more complex than this, 
and consi.sts of two distinct stages. Fir.st the trichogyne is inipreg’ 
nated by tlie [)ollinoi(ls ; and secondly, the fertilising principle is 
then conveyed from the trichophore-cells at the base of the tricho- 
gyne to the cells which ultimately produce the carpospores, and which 
may be at a considerable distance from the trichogyne, even on a 
different branch. This transference is eftected by moans of long 
simple or branched tubes which are known as ‘ fertilising tubes.’ 
The late Professor F. Schmitz hehl that, in the higher Florideie, 
there are two acts of fertilissition, that of the pollinoid with the 
trichogyne, and that of the fertilising tube with the cells which produce 
the carposj[)ores ; but this view is not accepted by all authorities ; 
and it is (loubtful whethei* more than one true act of fertilisation, 
i.e. the fusion of male and female nuclei, bikes place. The sexual 
mode of reproduction has, however, at present been observed in 
comparatively few species of seaweed ; and considering the number 
of species of Fknndece found on our coasts, there is no branch of 
microscopical observation which is more likely to reward the young 
investigator with new discoveries. 
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CHAPTER IX 

FUNGI 

Fuxgi, as already mentioned, (lifter essentially from algje in the 
absence of chlorophyll, and therefore in tlie absence of any |X)wer of 
directly forming starch or other similar substance by the mutual 
decom2)osition of carbonic acid and water, accomjmnied by evolution 
of oxygen. They must therefore, in all cases, be either sapi'ophj/t^s 
or parasiteSy dtuaving their nourishment from already organised food- 
materials, either, in tlie former ca.se, from decaying animal or veg(‘~ 
table substances, or, in the latter case, from tlie living tissues of 
other jdants or of animals. Fungus-jxirasites are the cause of most 
(^f the diseases to which jdants, and of a large number of those to 
which animals, are subject. 

The individual fungus always consists of one or more hypluv^ 
slender filaments containing 2)rotoi)hi.sm and a nucleus (excej)t possibly 
in some of the most simple forms), but no chlorojfiiyll and rarely any 
2)igment. The cell- wall is comjK).sed of a substance differing some- 
what in its proj^erties from ordinary cellulose, since it is not coloured 
blue by iodine after treatment with sulphuric acid ; it is known as 
fttngm-cpllulose. These hypha) may be quite distinct or very loosely 
attached to one another ; those which penetiate the soil, or the 
tissue of the ‘ liost ’ on which the fungus is parasitic, constitute the 
inycele. In the lai'ger fungi, such tus the mushroom, the portion 
above the .soil is com2)o.sed of a dense mjiss of these hyphce, lying 
side by side, constituting a so-called jiseudo-pm'michy'nxey but never a 
true tissue. In .some families the hyphae have a tendency to become 
agglomerated into balls of great hardness called sclerotesy which have 
tne jjower of maintaining their vitality foi* very long jjeriods. The 
modes of rejiroduction of fungi, both sexual and non -.sexual, are 
very various. Among the latter the most common are by non- 
motile spores or gonids, and by zoospm'es. The former are very 
minute bodies, each corapOvsed of a .single cell, or le.ss often of several 
cells, which are either formed within a sjx)re-case or sporangSy or 
are detached from the extremity of hyphae by a proces.s of pinching 
off or abstriction. From their extreme lightness they are wafted 
through the air in enormous numbers, and thus bring about the 
extraordinarily rapid spread of many fungi, such as moulds. The 
zoospores ax'e, like those of the lower algae, minute naked maases of 
protoplasm provided with one or more vibratile cilia, by means of 
which they move very rapidly through water, and finally force their 
way into the ti.ssue of the ho.st, where the zoospore loses its cilia, 
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invests itself with a cell-wall, an<l proceeds to geniiinate. This is 
effected, both in the case of the zoospores and in that of the ordinary 
sjx>re8, by putting out a germhxaiing jUament, which ultimately 
develops into the new fungus plant. In a large number of fungi 
no process of sexual reproduction is known. The various modes 
which do occur will be descril)ed under the separate families. 

Home families of fungi tire characterised by the remarkable pheno- 
menon known as alternation of (jeneratio7i8. Each species occurs in 
two (or sometimes three) perfectly distinct forms, which bear no 
resemblance to one another, and were long supposed t<j belong to 
widely separated families. Each phase or ‘ genei-ation ’ has its own 
mode of reproduction, but does not repioduce its own special form, 
but the other or one of the othei* foims ; and two or three generations 
are thus required to complete the cycle. Each member of the cycle 

is, generally speaking, pirasitic on a totally different plant from the 
‘ host ' of the other foi*ms. 

The classification of fungi is attended with very great clifficulties, 
owing to oui* still imperfect acquaintance with the mode of reproduc- 
tion in sevoi'al of the gi*onps. The following are the more distinct 
and remarkable types : ‘ — 

The Hyxomycetes, Myxogasti*es, or Mycetozoa, ai*e a group of very 
singular organisms, on the very confines of the animal and vege- 
table kingdoms, doubtfully included among the fungi, and believed 
by many to have a clos(u* aflinity to the rhizopods. They appeal*, 
indeed, at one period of their life-history to have an animal, at another 
[)eriod a vegebible mode of existence. Several species are not un- 
common on decayed wood, bark, heaps of decaying leaves, t'tc. The 
* plasinode ’ of ^Ethallam sejytlcmn, known as ‘ flowers of tan,’ forms 
yellow flcKJCulent masses in tan-pits. The develojunent of othei* 
species is represented in fig. 474. Commencing with the germina- 
tion of the spores, each sjm'e is a spherical cell (C) enclosed in a 
delicate membranous wall ; and when it falls into water this wall 
umlergoes ruptui*e (D), and an ama*ba-like body (E) escapes from 

it, consisting of a little ma.ss of protoplasm, with a round central 
nucleus enclosing a nucleole and a contractile vesicle, and having 
aUKcba-like movements connected with the protrusion and withdrawal 
of peculiar processes or pseudojxides. This soon elongates (F), and 
becomes pointed atone end, wdiencea \or\g Jlayelliini is put forth, the 
hxshing action of which gives motion to the body, wdiich may now’ be 
termed a swa^^m-spoi'e. After atime the flagellum disappears and the 
active movements of the spore cease ; but it now begins again to put 
forth and to withdmw finger-like pseudopodes, by means of which it 
creeps about like an Amoeliay and feeds like that rhizopod upon solid 
particles which it engulfs within its soft protoplasm. These swarm - 
cells may multiply by bipai'tition to an indefinite extent ; but after 
a time ‘ conjugation ’ takes place between two of these mijxammhcfi 
(H), their substance undergoing a complete fusion into one body (I), 

^ [The classifioation of fungi here adopted is essentialW that of Be Bary in hin 
Comparative Morphology and Biology of the Fungi^ Mycetozoa^ and Bacteria. 
Owing to the very large recent additions to our knowledge of the structure of fungi, 
it has been found necessary entirely to rearrange this portion of Br. Carpenter’s 
work. — En.] 
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from which extensions nre })iit fortli (J) ; and hy flu* union of a 
number of these bodies aio prodiict'd tin* niotilo protoplasinie liodit's 
known ns 27kt8r}wcle8, the ordinary fi>rm in wliicli t li(‘st‘ sino-ular l)odi< s 
are kno^vn. These continne to grow by tlie ingosiion and assiinila 
tion of the solid nutriment which tliev tako into Ihoir sul)sian(H' ; 
and, by the ramification and inoscidation of tlnse oxti'usions, a 
complete netwoi*k is formed. 

The filanHMits of this network exhibit active undidatory move- 


Fio. 474. — Deve\oj)ment oi Mi/xotfiJ/cetrs : A, ]ilasm(Mle of IJuhjnnin// srrjitrht ; 
successive stages, a, a', by of sporaugcs of Arcyria Jiava) C, rii)o Hpon* of 
Phj/sarum album; D, its contents escaping; E, F, G, the Bwann-spoie llisl 
becoming flagellated, and then amoeboid ; H, conjugation of two amceboidK, wliu li, 
at I, have fused together, and, at J, are beginning to put out extensions and ingest 
nutriment, of which two pellets are seen in its interior. 

uiouts. winch in tlic largrr onos aio \ isil)]o undri- an ordinary lens, 
or ovfii to tlu* nake<l eye, Imtwhii-li it i-equires niici'oseopie |io\ver to 
<[is<'(‘rn ill the smaller. Witli sulliei<*nt]y high m nij ililieation, a eon- 
staiiT ino\ement of granules may la* seen llow ing along the t lii-e;ids. 
and streanring from hraneh to liraneh. lime and lliere oilshoofs of 
the protoplasm aj (‘ projected, and ag'ain w ithdi aw n. in the imunier ot 
the ]tseudo}»odes of an Arnoiba; while the whole oigeniMn may Is* 
occasionally seen to abandon the support over which it had grown, 
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and to creep over neighbouring surfaces, thus far resembling in all 
respects a colossal ramified Ammba, The plasmodes are often found 
to have taken up into them and enclosed a great variety of foreign 
bodies, such jih the spores of fungi, parts of plants, &c. They are 
curiously sensitive to light, and may sometimes be found to have 
retreated during the day to the dark side of the leaves, or into the 
recesses of the tan over whicli they had been gi-owing, and again to 
creep out on the approach of night. Undei* certain conditions the 
swarm-spores may lose their p()wer of motion and become encysted ; 
they are then known as micfrocysts^ and may remain in this resting 
condition for a considerable time, esp€?cially if desiccated. If again 
placed ill water, they return to their motile swarming state. The 
plasmodes may also enter a resting state, in which they assume a wax- 
like consistence, and dry uj) into a brittle horny mfuss. They are then 
known as sclerotAs. In a few genera the spoi-es are not contained in 
sporanges, but are borne on external suiijxirts or aporopfm'es. But 
in the great majority of genera the plasmode becomes ultimately 
transformed into sporanges (B, a, a\ h) ; either each plasmode 
becomes a single sporange, or it divides into a larger or smallei- 
number of pieces, each of which undergoes this transformation. 
When mature, the cavity of the sporange is either entirely filled 
with the very numerous spores, or in most genera tubes or threads of 
different forms occur among the sjKires, and constitute the capillitmvi. 
These capillitium-tubes have often a spiral appearance, owing to 
irregular thickenings of the cel I- wall, and are very beautiful objects 
under the microscope. The growth of many species of Myxomgcetes 
is exceedingly rapid, going tlirough their whole cycle of development, 
with its various phases, in the course of a few days. 

The ChytridiaoeSB are a group of minute microsco})ic fungi showing 
an affinity in some respects to the Myxomycetes, and even to the 
infusorial animalcules. Their ordinary mode of propagation is by 
zoospores bearing one or two cilia, which either germinate directly 
or conjugate to produce a resting-spore. They are parasitic on fresh- 
water organisms, both animal and vegetable ; and their chief interest 
to the microscopist is that their zoospores have appai*eiitly frequently 
been mistaken for antherozoids of the ‘ host.^ 

The UstilagineeB are fungi parasitic on flowering plants, attacking 
the stem, leaves, and other parts, where they form brown or yellow 
spots. They are often exceedingly destructive to vegetation, causing 
the diseases of cereal crops known as bunt, smut, <fec. The course 
of development of these fungi is not yet in all ctxses accurately 
known. The mycele, consisting of slender segmented hyphse, spreads 
extensively within the tissues of the host, and bears spores which 
either reproduce the mycele again directly, or with the intervention 
of so-called ‘ sporids.^ 

The UredinesB afford the most i-emarkable illustration among 
fungi of the phenomenon already mentioned, that of alteimation of 
generations ; forms previously considered to belong to widely separated 
groups being now known to be stages in the cycle of development of 
the same species. A striking instance of this is furnished by the 
well-known and very destructive disease of wheat and other grasses 
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known .i'> ' imkk w, produced U\ tlio .ittat'ks of tl\n para^itu- Innmi^ 
PiLCcinid <//'<( //it d is. It w.t'' lon<jf .ii^o (►]»st‘i\i‘d that wlnMt \\a'> 

especially liablo to tins dist'a.M* in t]u‘ xu'iiiit N ol l»arl)or!\ kiislu'N . 
and it is now known tliat a fnni; ns parasitic on karluaiN lra\os. Idi 
inerl\ known as ^I’Jcnl t // //t />/ is t}u‘ ‘ a'cidiosport' al 1011 

of the same species of w huh Pfurtiiin tf/•<^lintil.s is tlu* * (I'haitovjmi o ’ 



Elo. 47r» Pfirruua //> ii /in)//', I’loiii 1 ><• Bai \ \ ' C'o3ii() iiMt i o Mdi .ljmI 

Biology of the Fungi.’ (The CTaieiuloii PreHs.j jiortion ol leal ot lirrhrn.s 
with young aecidiuni; I., section through leaf containing leeidia : Hpermo- 

gones; a, ascidia opened; p, j>ei*idinni ; IT., group of iipe teleutoH^iores 
bursting through the epiderm e in leaf of l'//f/ri//t/ t(‘jtr//s /, t» N utM^poo , 
III., teleutosiKires t, and uredospoies /</ , 1 slighth ni.t^nihid II I'Ht, 
HI X 890. 

gone] ,d ion Tlu* (\ a aplot «* <'\ eh' of' d<*\olopincnt of' 1 hr itrst known 
( /'r/Iid/dt, ^ncli as tlir iiiilihwv (tig. 475), i.s this Tlir loim known as 
J*/d-<’/ // (/( if /'/////( 1 / IS \n'iH\\\vvs tiiick walk'd spoirs, honu' 

usually in pails, .»t t lu‘ r \1 1 rinil V of I'longat cd cidls known has ids 
Ol sti^/'K////itl(/ Ka< ]i of t lu-'^r trlriltiispoi rs gi\ 4'^ 1 I'-r, on gri umiatillg 
Within the tissiu* of tlu* gi’a.s.Sj to a hvplia tiv jz/'o/n ///'• Ii\ tlir irimin.d 
ct'lls of wliicli dcvt*loj>, on sleiHlm* hasnls, ('ach a singii' s])orc on 
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sjtnri*! . 'TIh'sc spoi ids will only on the leaves of the har- 

l)cir\'. whole tiio\ prndnco, first of nil, a mass of interwoven hyjiliie 
within tlie tissue, ami then the peculiar reproductive bodies known 
as uA'idtd. (fig. 47t)). The ‘jeeidium ' is a cup shaped receptacle of a 
hrighi red oi- yellow colour, which hn^aks through the epideriu of 
the leaf, and discliarges a lai-ge number of (rridioKpfu'es, which are 
pi-odiiced in lows oi- chains springing from liasids at tlie base oi* the 
receptacle, 'flie^r are accompanied, cifteii Oil tlie other surface of the 
leaf, )i\ .^jx'rnKuffnn-s, siiialh'i* spherical OI* fiask-sluiped receptacles, 
w hich also eventually hr(*ak t hrough the epideriii, and filled w ith 
hari en hyphse known as Among these are other short (u- 

hyjiha* or ‘ sterigmata,’ from the »*xtrcmities of which arc ahstrictiMl 
narrow ellijisoidal ci'lls, the Hpvnudtla, The purpose of tlmsc is 
unknow'n ; hut they may he male (‘Imnents w hicfi havt* lost tludr 
fuiK'tion. a‘cidiospor(‘S will germinatt* only on tlie biases and 

st ems of grass(‘s, (*ithcr pi*oducing the teleutos])oro-form directly, or 



Fio. 470. — JEcidhnn f Hssilarji nts : A, portion of tlu* plant, magnified ; B, section 
ot ono of Mu' ‘u'c idia ' with its spores. 


giving rlsi* t<o a third ‘ urtalo-form.’ This consists of filiform hasids, 
(‘ach of w hich hears a round oval spore, the ureilospore, which ger- 
min.al ( s very r.apidly. constant ly reproducing the same form. The 
Siime luycidc which produces tin' uredodbrm idso giwss rise snhst*- 
quently to the t(‘lcutosporr* foi-m. The l‘migns iisu.dly liihcrnatcs 
and remains in a state of rest in tin* l(*lcntospoi(' form. 

Of tlie Peronosporeae (llg. 177) soim* spccii's grow on the dead 
liodics of anim.'ds and on dead [»lants. others arc ))arasitic in the 
li\ ing tissues of llowering plants, causing widespread <lisi*a.ses, such 
as the potato hlighl. (hi the mvci'lc, consi.sting of a number of dis- 
tinct s('ptat(‘d hypha*. :in* produc'd tlu* sexual organs, oocjoiies and 
iiulftrrids. Ih'ii ilisat ion is not **lfectcd liy im'ans of motih* antlu'ro- 
zoids, ;is in ollu'r ('lasses of fungi and ofalgie, hut tlu* .antiu'i id puts 
out a cylindrical or coniivd tulx' liki* proci'ss, tlu* /c/yc. 

ddu' anthm ids ;ind oiigon(*s :n (* (‘.-ich siiygh* <*nla rg«‘d c(*lls prodiict‘d in 
clos(‘ proximity to one anotlu'r: tlu* tcrtilisation-tube is produced 
from the part of tlu* :intlu*rid w hich is in immediate contact w ith 



Fz(J 477. — A-G, ('{/stojpus caiuhdufs'. H, Phytuphthora mfestaUH, A, braiicli of 


loycele growing at the apex, f, with hauntoriay hj between the cellH of the pith of 
Lejndium sativum \ B, branch of mycele bearing gonidH ; C, D, E, formation of 
«warm-spores from gonids; P, 8warm-sj)oreH germinating; G, swarm-8i>ore8 
germinating on a stomate and piercing the epiderm of the stem of a potato at H. 
After De Bary ; magnified about 400 timea. From ‘ Outliiiew of Claaaificdtion and 
Special Morphology of Plants,’ by Dr. K. Goebel. 


addition to the sexual oi’gans of reproduction, many species of Perono- 
sporeie also produce noii-sexnal epwes or (jonids^ which are borne on 
sjiecial branches .springing erect from the mycele, the sporophw'ps or 
gonidiopfu^res. A similar difterence is exhibited in the further 
development of these spores. Either they germimite directly in water 
into a new mycele, or the protoplasmic contents break up into a 
number of zoospores which germinate in the same way. In those 
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species which are* parasitic on living plants, such as Phytophthora 
infeatamy which produces the |X)tato-disease, and Cyatopus camlidtta, 
veiy common on cress and other crucifeious plants, the lapid spi ead 
of the disease is caused by the great facility with which the spores 
are diss(;minated by the wind ; falling on leaves in moist weather, 
they there germinate ; the gei'ininating tube passes through a 
stomate, Jind the iiiycele is developed with 
great rapi<lity within the tissue of the 
Iiost. The most favouialde Condition in 
the case of tin? potato-disease is said by 
Professor I)e i3aiy to consist in an 
undue thinness of tlie cuticle, accompanied 
)>y excessive lunnidity, wliei eby the spores 
of tlie fungus will germinate on the sur- 
face of tlie plant, stmding out pnx^esses 
which penetrate to its interior, though 
othiU’wise germinating only on cut sur- 
face's. 

The SaprolegnieSB are saprophytic or 
[iaiusitic fungi, nearly allied to the Pero- 
iiosporecH^ and differing from them chietly 
in two points : although oi'gaiis are 
known in juany species closely I'esem- 
blijig the antherids of the Peronoaporerv, 
the act of impregnation has not actually 
been observed, the oiispori^ being, at least 
in many cases, apparently produced par- 
thenoyeneticallip i.e. without impi‘egna- 
tion. Jn some specie's a single oospore is 
produced within each oogone ; but more 
often the contents of the latter break up 
into a number of o()S])ores, each of which 
gives rise to a mycele, or breaks up into 
zoosjMU’es. In some genera, e.g. Adilya 
(fig. 478), zoospores are also produced in 
very large numbers by tlie breaking-up 
of the contents of zo'Oaporangea, special 
(‘ularged cells of tlie mycele. The well- 
known salmon disease is caused by the 
attacks of the parasitic Saprolegnia ferar 
on the living flesh of the animal. 

The Mucorini are filamentous fungi, 
I’esembling the two last oi-ders in their 
vegetative ilevelopment, but diftering in 
their mode of reproduction. To this family belong some of the most 
common moulds which make their apjiearance on damp or decaying 
organic substances. The ordinary imxle of non sexual reproduction 
is by eivdjogenoiia apores^ produced within a sjxii’ange (fig. 479, A). 
The sporanges are borne at the ends of sjxn’angiophores, long, erect, 
unseptated hyphee, springing directly from the mycele or from 
the onginal germinating filament. Several other kinds of non- 



Vio. 47S. — Two zoosporanges of 
Achhja. From (TOGbel’s* Out- 
liaes of ClaHsificatiou and 
Special Morphology.’ a, Btill 
closed ; B, open to discharge 
the zoospores ; a, zoospores 
ejected, out still resting; c, 
zoospores which have left 
their membrane at b behind 
them. Magn. about 800. 
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sexual sporas occur in the family, including chlamydospoi'fSj repro- 
ductive cells formed ^vithin the ordinary cells of the hyphxe. Sexual 
reproduction takes place by means of zygospores (C), but is at 
present known only in a few species. Either from ordinary liyplue 
or from spoi*angiophores spring a pair of short branches, the 
extremities of which become firmly attached to one anotlier. These 



Fi(r. 479. — B, mycele (three days old) of Fhynomyceft nitens^ grown in a drop of 
mucilage with a decoction of plums; the finest ramifications are omitted ; <y, the 
conidiophore of Afncor in optical longitudinal section; C, a germinating 

zygospore of Mucor inucedo \ the germ-tube, A, puts out a lateral conidiophore, tf. 
Ill D are conjugating branches, h b, the extremities of which, a a, though they have 
not yet coalesced, are already cut off by transverse walls; tlie zygospore is formed 
from the coalescence of the cells a a. A, C, D, after Brefeld, greatly magnified ; 
B, from nature, slightly magnified. From (xoebers ‘ Outlines of Classification 
and Special Morphology.’ 

swell out greatly into an obconical fonn, on account of the passage 
into them of a large amount of nutrient material. A larger or 
smaller piece is then cut off fi*om each of them by a transverse 
wall ; the median cell-wall which separates them disappears, and the 
two terminal portions thus cut off coalesce to form the zygosjK)re, 

T T 
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which often swells to a considerable size, and its outer coat be- 
comes frequently beautifully covered with warts or other protu- 
berances. After a period of rest the zygospore germinates, its 
inner coat of cellulose bui*sting through the outer wai*ty and 
cuticularised ejnapore^ and developing into the fii’st germinating 
filament. 

Very nearly allied to the Mucorini are the Entomophthorem, 
parasitic fungi, the mycele of which develops within the bbdies of 
living insects, especially caterpillars and flies, and after death 
spreads outside the body as a flocculent felt. An example of this 
family of fungi is frequently presented in the destruction of the 
common house-fly by Empuaa muscm. In its fully developed con- 
dition the spore-bearing filaments of this plant stand out from the 
body of the fly like the ‘ pile * of velvet, and the spores thrown oft' 
from these in all directions form a white circle round it, as it rests 
motionless on a window-pane. The filaments which show them- 
selves externally are the fructification of the fungus which occupies 
the interior of the fly’s body, and this originates in the spores 
which find their way into the circulating fluid from without. A 
healthy fly shut up with a, diseased one takes the disease from it by 
the deposit of a spore on some pai-t of its surface ; for this, beginning 
to germinate, sends out a process which finds its way into the 
interior, either through the breathing-pores or between the rings 
of the body ; and, having reached the interior cavities, it gives oft 
the gemiinating filaments which constitute the earliest stage of the 
Emptiaa, Again, it is not at all uncommon in the West Indies to 
see individuals of a species of Poliatea (the representative of the 
wasp of our own country) flying about with plants of their own 
length projecting from some part of theii* surface, the germs of 
which have probably been introduced (as in the 2>i*eceding case) 
through the breathing-pores at their sides, and have taken root in 
their substance, so as to produce a luxuriant vegetation. In time, 
however, this fungus gi*owth spreads through the body and destroys 
the life of the insect ; it then seems to grow more nx2)idly, the 
decomposing tissue of the dead Ixaly being still more adapted than 
the living structure to afibrd it nutriment. 

The Ascomycetes include an enormous number of species, most 
of which are pamsitic on living, or saprophytic on decaying leaves, 
many of them microscopic. The mycele always consists of branched 
and septated hypha\ In only a comparatively few species is a 
sexual mode of reproduction known ; the speciid character of the 
group is the non-sexual reproduction of dscoajm'ea within elongated 
sacs or tubes known Jis (isci. These are commonly collected togethei* 
in masses ; the collection of hyphte which give birth to the asci is 
known as the hymeniiim^ the* mass of tissue enclosing or bearing the 
hymenia as the receptacle or fructification. Its form and structure 
vary greatly in the different sections of the family. The ascospores 
are always produced within the ascus by free -cell formation, and 
their number is almost always four or a ‘ power ’ of four, most com- 
monly eight, occasionally less than four. The asci are usually 
surrounded by enlarged club-shaped or sterile hyphee, the para- 
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phyaea. In many Ascomycetes, in addition to the iiscospoi*es, 
ordinary exogenous aporea or conids are pi*oduced at the extremity 
of aparophores or conidiophores (fig. 480, A). This is the case with 
a large number of moulds or mildews, of which the common blue 
mould, Penicillium gtaucum^ may be taken os a type. The fixmiliar 
form of these moulds is that in which they procluce these s[X)res in 
enormous quantities ; but, under certain conditions, especially when 
the supply of nutriment is limited, the sexual iikkIo of reprod\iction 



Fi(i. 480. — Development of Eurotium repenn: A, bmull part of a mycele w'itli the 
coiiidiophore, r, and young ascogones, as ; B, the spiral ascogone, <i«, with the 
antheridial branch, p ; C, the same with the filaments beginning to grow round it 
to form the wall of the sporocarp ; D, a sporocarp seen from without ; E, F, 
young sporocarp in optical longitudinal section ; parietal cells ; /, the filling 
tissue (pseudo-parenchymatous) ; as, the ascogone ; G, an ascus ; H, an ascospore. 
After De Bary. A, magnified 190, the rest 000 times. 


sets up (fig. 480, B~H). One of the branches of the mycele 
elongates, and coils spirally upon itself into a corkscrew-like lx)dy, 
the carpogone or ascogone^ which constitutes the female organ ; 
whilst another branch acts as the male organ or antherid, extending 
itself over the spii-e and impregnating the ascogone by tlie passage of 
its protoplasm into the latter organ. The structure thus foimed 
becomes enclosed in a mass of sterile tissue, and within this are 
developed the asci, each containing numerous spores, which 
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genninate <lirectly into a new mycele. The enveloping tissue, together 
with the asci, is known as the aporocarp. In a large number of 
Ascomycetes the asci are, however, foi-med witliout any previous 
sexual process that has yet been detected. According to the struc- 
ture of the matiire sporocarp, the Ascomycetes may be arranged 
under three sections : the Discomycetea^ in which the spoi'ocarp is 
expt)sed, and is then known as an apothfce ; the Pyrenomycetes^ in 



Fio. 4Hl. — JJotnjftH hasftiana : A, the fungus as it first appears at the orifices of tli<* 
rttigiuas; B, tubular fihiments bearing short branches, as seen two days aiter- 
wards ; E, magnified view o£ the same ; C, D, appearance of filaments on the fourth 
and sixth days; F, masses of mature spores falling off the branches, with filaments 
proceeding from them. 

which the pe^'iihece is enclosed in a flask-shaped cavity with open 
neck ; and a third section, in which the sporocarps are completely 
enclosed. 

In some Ascomycetes a tendency is exhibited to the formation of 
sclerotes, dense hardened masses of interwoven hyphte. An example 
of this is furnished by the structure known iis ‘ ergot, ^ the sclerote 
of a fungus of this kind, Clavicepa pwrjrni^ea, which attacks the ovary 
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of rye and other grasses. Many species of Feziza have h j)eculiar 
form known as the hotrytis form, reproducetl by conids only, and 
long believed to be altogether distinct from the Ascomycetes. Of this 
nature is the so-called Botrytisha^aia'tm (fig. 481), a kind of mould, the 
gi'owth of which is the real source of the disease termed miisca^'dine 
which foimerly carried off silkworms in huge nund)ers, just when 
they were about to enter the chrysalis state, to the great injury of 
their breeders. The plant presents itself under a considerable 
variety of forms (A-F), all of which, however, are of extiemely 
simple structure, consisting of elongated or rounded cells, connected 
in necklace-like filaments, very nearly as in the ordinary ‘ bead- 
moulds.^ The spores of this fungus, floating in the air, enter the 
breathing-pores which open into the tracheal s 3 ’stem of the silk- 
worm ; they first develop themselves within the aii*-tnbes, wdiich 
are s(X)n blocked up by their growth ; and the}' then extend them- 
Nelves through the fatty mass beneath the skin, occasioning the 
(k‘struction of this tissue, which is very imj^ortant as a l eservoir of 
nutidment to the animal when it is about to pass into its chiysalis 
(jondition. The disease invariably occasions the death of the grub 
wJiich it attacks ; but it seldom shows itself externall}' until after- 
wards, when it rapidly shoots forth from beneath the skin, especially 
at the junction of the rings of thelK)d 3 % Although it spontaneously 
attacks only the larva, yet it may be communicated bv inoctdation 
to the chrysjdis and the moth, as well as to tlie grub ; and it Inis 
also been observed to attack other lepidopterous insects. A careful 
investigation of the circumstances which favour the development of 
this disease was made by Audouin, who first disco\'ered its real 
nature ; and he showed that its spread was favoured b}’ the over- 
crowiling of the worms in the breeding establishments, Jind parti- 
cularly by the practice of throwing the bodies of such as clied into a. 
heap in the immediate neighbourhood of a living silkworm ; for this 
heap speedily l>ecame covered wdth this kind of mould, which 
found upon it a most congenial soil ; and it kept up a, continual 
supply of spores, which, being diffused through the atmosphere of 
tlie neighl)ourhood, were drawn into the breathing- pores of indi- 
viduals previously healthy. The precautions obviously suggested by 
the knowledge of the nature of the disease, thus afforded by the 
microscope, having been duly put in force, its extension was success- 
fully kept down. A similar growth of difterent species of the genus 
Sphceria takes place in the bodies of certain caterpillars, in New 
Zealand, Australia, and China ; and being thus completel}^ pervaded 
bv a dense substance, which, when dried, has almost the solidity of 
wood, these caterpillars come to present the appearance of twigs, 
with long slender stalks that are formed by the gi-owthofthe fungus 
itself. The Chinese species is valued as a medicinal drug. 

Some forms of Ascomycetes, such as the genus Tuber ^ to whicli 
the truffle belongs, are formed completely undergi*ound. 

The Saocharomycetet are now generally regarded as a tlegraded 
form of the Asoomyoetes. They resemble the Schizom^'cetes in the 
simplicity of their character and in their ‘ zymotic ’ action. The most 
familiar form of this femily is the Sacchai^omyces (Toriila) cerevwimy 



FUNGI 


646 


the presence of which in yeast gives to it the power of exciting the 
alcoholic fermentation in sacciharine liquids. When a small drop of 
yeast is placed under a magnifying power of 400 or »500 diameters, 
it is seen to consist of a large number of globular or ovoid cells, 
averaging about diameter, for the most part 

isolated, but sometimes connected in short series ; and each cell 
is filled with a nearly colouidess * endophism,’ usually exhibiting 
one or moie vjumoles. When placed in a fermentable fluid con- 
taining some form of nitrogenous matter in addition to sugju*,^ 
they vegetate in the manner represented in fig. 482. Each cell 
puts forth one or two j)rojections, which seem to be young cells 
developed as buds or offsets from their predecessors ; these, in 
the course of a shoi-t time, become complete cells, and again per- 
form the same process ; and in this manner the single cells of yeast 
<levelop themselves, in the course of a few hours, into rows of four, 
five, or six, which i*emain in connection with each other whilst the 
pljuit is still growing, but which sepirate if the fermenting process 
l>e checked, and return to the isolated condition of those which 
originally c,(3nstituted the yeast. Thus it is that the quantity of 
yeast first introduced into the fermentable fluid is multiplied six 
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Fio. 482 . — Saccharotnyces cereviauPy or yeast-plant, as developed during the process 
of fermentation : a, c, «?, successive stages of cell-multiplication. 


times or moi’e <iuring the changes in wdiich it takes part. Under 
certain conditions not yet determined, the yeast-cells multiply in 
another mode — namely, by the breaking up of the endoplasm into 
segments, usually four in number, around each of which a new ‘ cell- 
wall ’ forms itself ; and these endogenous spores are ultimately set 
free by the dissolution of the wall of the parent cell, and soon enlarge 
and comport themselves as ordinary yeast-cells. The process of the 
formation of these spores resembles in all essential points the 
formation of ascospores ; and hence Tovula is regarded as a low or 
degraded type of that order. Many other fungi of like simplicity 
have the pow er to act as ‘ ferments ; ’ thus in wine-making the 
fermentation of the juices of the grapes or other fruit employed is set 
going by the tlevelopment of minute fungi whose germs have settled 
on their skins, these germs not being injured by desiccation, and 
being readily transported by the atmosphere in the dried-up sbite. 

^ It appears from the researches of Pasteur that, although tlie presence of albu- 
minous matter (such as is contained in a saccharine wort, or in the juices of fruits) 
favours the growth and reproduction of yecist, yet that it can live and multiply in a 
solution of pure sugar, containing ammonium tartrate with small quantities of mineral 
salts, the decomposition of the ammonia salt affording it the nitrogen it requires for 
the production of protoplasm, while the sugar and water supply the carbon, oxygen, 
and hydrogen. 
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There is reason to believe, moreover, that a similar ‘ zymotic * action 
may be excited by fungi of a higher grade in the earlier stages of 
their growth, the alcoholic fermentation being set up in a suitable 
liquid (such as an aqueous solution of cane-sugar, with a little fruit- 
juice) by sowing in it the spores of any one of the ordinary moulds, 
such as PenicUlium glauciim^ Jfitcor, or As^pergilhis, provided the 
temperature be kept up to blood-heat ; and this even though the 


solution has been pre- 
viously heated to 284° 
Fahr., a temperature 
which must kill any 
germs it may itself con- 
tain. 

The Basidiomycetes 

are distinguished by the 
entire absence, as fiir as 
is at present known, of 
sexual organs, and by 
the formation of their 
conids or spores at the 
apex of special enlarged 
cells, the basids. They 
include tlie largest and 
most familiar of our 
fungi, such as the genera 
Agaricics, Boletus^ Pohj- 
poi'iiSj Lycopei'don^ Phal~ 
lu8^ <fec. They are sapro- 
phytes, obtaining their 
nourishment from the 
decjiying vegetjible mat- 
ter in the soil, stumps 
of trees, &c,, ckc., among 
which the mycele pene- 
ti*ates, consisting often 
of a dense weft of sej)- 
tiited hyphte, the ‘ spawn ^ 
of the mushroom. The 
acu’ifil portion, known as 



the VGCeptdcle or fructifi- Fio. 483. — Agaricvs campentHs^ formation of the 
cation, l)ears either ex- hymenium : A and B, slightly magnified ; C, a part 

of B, magnified 550 times. The portion marked 
„ , ‘ " with fine dots is protoplasm, ^rom Goebers 

Ot the mushroom (fig. ‘ Classification and Morphology of Plants.’) 

483), or internally, as 

in the ca.se of the Lyooperdon^ or ‘puff-ball,* the fertile portion 
or hyrmnivbm. On this hymenium project the extremities of special 
hyphae, which are swollen into basids ; the non -sexual conids or 
hoMiospm^es are foimed at the extremity of the basids, usually in 
fours, from which they are easily detached, and, from their small 
size and great lightness, are readily carried through the air in great 
quantities. Tn the Ilymmomycetes^ of which the common mushroom 
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{Agcurvcua campeatria) may be taken as a type, the receptacle has the 
form of a cap-shaped pileua (fig. 484), mised on a stalk or stipe ^ 
the whole composed of a pseudo-parenchyme consisting of a dense 
agglomeration of jjarallel hyphae, the cortical portion of which is 
slightly differentiated into an epiderm. In the family to which the 
mushroom belongs, the hymenium is borne at the edge of narrow 
gill-like projections or Imnellce radiating from the aj^ex of the stipe 
on the under side of the pileus. Among the basids are seen other 

cells of similar shape and 
usually larger size, also the 
extremities of special hyphse, 
called cyst ids, the function of 
which is obscure. The basi- 
diospores vary greatly in 
colour in different geneia. 
They are always unicellular, 
and the membrane consists 
of two coats, the endoapm^e 
and exoapore^ the former of 
which consists of fungus- 
cellulose, while the latter is 
more or less cuticularised. 
On germinating the endo- 
s]X)i*e bursts thi'ougli the 
exospore, and grows into a 
germinating filament, from 
which is developed the my- 
cele, and on this ultimately 
the receptacles. 

Lichens. — The micro- 
scopic study of this group 
has acquii-ed a new interest 
for the botanist, from the 
remarkable discovery an- 
nounced in its complete 
form by Schwendener in 
1869 * (and now accepted 
by the highest authorities), 
that instead of constituting 
a special type of Thallo- 
phytes, parallel to Al gee (with 
which they correspond in 
their vegetative characters) and Fungi (to which they are more 
allied in fructification), they are really to be regarded as compo- 
site structures, having an algal base, on which fungi have sown 
themselves and live parasitically. As, however, they do not 
furnish objects of interest to the ordinary microscopist (the 
peculiar density of their structure rendering a minute examina- 
tion of it more than oi*dinarily difficult), nothing more than a 

^ See liis memorable work TJeher die Algeniyven der Flechtengonidien (Basel, 
1869 ). 



Fig. iM.-r^Agaricus campestrisy natural size. 
(From Gofers ‘ ClasBinoation and Morpho- 
logy of Plants.’) 
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geneml account of their curious organisation will here be attempted. 
The algal portion of a lichen l^elongs to one or other of the lower 
groups, and consists of cells termed gonids — usually green, but 
sometimes red or bluish-green — interspersed among long cellular 
filaments. The proportion between these two components of the 
thallus varies in different examples of the type. Thus, in the 
simplest wall-lichens the palmella-like parent cell gives origin, by 
the ordinary j)rocess of cell -division, to a single layer of cells, whicii 
s[>reads itself over the stony surface in a more oi* less circular form ; 
and the ‘ thallus,’ which increases in thickness by the formation of 
new layers ujxai its free surface, has no very defined limit, and, in 
consequence of the slight adhesion of its conqK>nents, is said to be 
‘ pulverulent.’ But in the more complex forms of lichens the thallus 
is mainly composed of long hypluc, which dip down into the supei’ficial 
layers of the hark of the trees on which they grow, and foi'in by their 



Fiq. 48.'>. — L('i)toghim Hcotimnn'. Vertical Bection of the gelatinous tliallus, magnified 
550 times. An epidennal layer clothes the inner tissue, which consists for the most 
part of formless and colourless jelly, in which the coiled strings of gonids lie ; 
single larger cells of the strings (the limiting cells) are of a liigher colour ; between 
them run the slender hypha?.^ (From Goebel’s ‘ Classification.’) 

interweaving a haid crustaceous ‘ thallus,’ in w’hich the gonids are 
imliedded, sometimes irregularly, .sometimes in definite layers, known 
as the gonidial layei' (fig. 485), covered by an envelope of interlacing 
filaments. It is from this algal poi*tion of the structure that the 
soredes of lichens are formed, little projections of the surface, com- 
liosed of single or aggregate gmiidsy invested by hyphae, and falling, 
when dry, into a powder, of which every particle is capable of 
i*eproducing the plant from which it proceeded. 

The frmtijication of lichens, on the other hand, is the production 
t)f their fungal overgi-owths, which are nourished by the algal 
vegetation. The lichen-forming fungi, in fact, live upon their algal 
hosts, like the endophytic fungi (such as the ‘ blights ’ of com), 
which infest the higher forms of vegetation, each of the former 
choosing its own alga, just as the latter mostly attach themselves to 
jiarticulur victims. The peculiarity in the parasitism of the lichen- 
fungi lies in the fact that they are not attach^ to their host externally 
at any one particular spot, and do not penetrate into its cells, but 
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weave themselves round them, and enclose them in their hyphal 
tissue. But not only this : the algal constituent of the lichen 
appears also to derive benefit from, and to be nourished by, the 
fungus-hypha*, affoi*ding an example of the singular kind of mutual 
dependence known as commemalisni or st/mbiosis (fig. 486.) The 
formation of sexually produced ‘ spores * usually takes place in ascl 
arranged vertically in the midst of straight elongated sterile cells 
termed paraphysm^ so as to foi*m a layer that lies either on the surface 



Fig. Exaraples of various algjo which are employed as the gonids of lichens 
h indicates always the hypha of the fungus ; g’ the gonid : A, germinating 
Hpore, 8y of Physcia paHetinay the germ- tube of which adheres closely to Proto- 
coccuR viri(liH\ B, a filament of Sctjtonema 'withhyphm of SiereocaulonramulosiiR 
twined round it ; C, from the thallus of the lichen Phijsma chalaganum — a hyphal 
branch is entering a cell of the Nostoc filament (gonid) ; D, from the thallus of 
the lichen Synalissa symphorea— “the gonids are the alga Glceocapsa; E, from 
the thallus of the lichen Cladonia f areata ; the gonids, which are being sur- 
rounded by the hyphae, are the cells of Protococcus. After Bornet. A, C, D, E, 
magnified f>50 ; B, 650 times. (From Goebel’s * Classification and Special Mor- 
phology of Plants.’) 

of apotheces, or is completely enclosed within peritJieces. Each of the 
asci contains a definite number of ascospores, usually eight, which 
are projected from the receptacles with some force ; and their 
emission, which seems to be due to the different effects of moisture 
upon the several layers of the receptacle, is often kept up con- 
tinuously for some time. The fonnation of these asci, as in the 
case of the ordinary A sconiycetes^ is probably the result of a sexual 
union which takes place between the male pollinoids or ‘ spermatia ’ 
and the female trickogym. These pollinoids are produced within 
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antherids which are often specially designated ‘ spermogones/ formed 
within these cavities, and, when matm‘e, escaping in gi*eat numl)ei*s 
fi*om theii* orifices. Having no power of spontiineous movement, 
they must probably be conveyed by the infiltration of rain-water 
to a trichogyne which lies imbedded in the tissue beneath ; and 
when they have impai-ted their fertilising influence to the contents 
of the ascogone at its base, these develop themselves into a sjK)re- 
bearing apothece, the whole mass of spores wliich this conttuns 
l)eing the pi*oduct of the cell-division of the originally fertilised 
‘ oospore.’ 

The fungus-constituent of lichens belongs, in the great majority 
of cases, to the Ascomycetes, in a veiy few to the liusidioinycetes. 
The gonids have been referred to a very large number of genera of 
algae, among which may be mentioned Protococcm, Chrobcoccm^ 
Gluiocapsay Scytoiiertui^ Nostoc, and Chrodlepus. 

The Bacteria or Schizomyoetes. — At the close of this chapter 
we place the PacteHa, Schizomycetea^ or Jlaaion-fi 11 igi. These micro- 
organisms have been defined as minute vegetable cells destitute of 
nuclei. In spite of the labour which has been bestowed upon this 
group, and vast as the literature is to which it has given rise, it is 
impossible to assign an exac^t and cleiirly definable position to what 
is at the same time a remarkable am\ important group ; and we 
therefore, jus a matter of convenient arrangement, place them as 
Protophytes, at the base of the lowest Fungi, for no other, and 
therefore for the quite insufficient reason in the main, that they 
contain no chlorophyll (Plate XIll). 

There can be no doubt that some forms of the Ikicteria manifest 
affinity with the chlorophyllaceous Algse; but the alfinity is in the 
present state of our knowledge none the less indefinable, even if 
our knowledge of the Bacteria Jis an entire gi’ouj) were complete? 
enough to admit of a general iseition of their relations. On the 
other hand, according to Dallinger, the affinities of the Jiacteriaas a, 
(complete group are closer with the Flagellata than is generally 
admitted ; and whenevtu’ the .stiprophytic Flagellata — which are the 
indis|)ensable agents, not in the putrefactive fermentation by which 
hifuaiona and gelatine maaaea are broken up, but by which great 
masses of organic tissue are reduced — and at the siime time the 
Bacteria, as a whole, have been broadly and comprehensively worked 
out, it may be found that both their morphological .and j)hy8iological 
affinities are of the closest order. It is impossible to take, for 
example, such a form as B. Ihieola, which has an easily demonstrated 
flagellate character, and leproduces in every fission a flagellum, 
common to both dividing forms, which smips at the moment of 
complete division, leaving each fonn with a flagellum at either entl 
— perfect as the primal fonn whence the fission ai’ose — without 
observing how completely this coincides with the mode of fission in 
half a dozen saprophytic monatls. But as an in.stance Cercomoiias 
tgpica (named by Kent) may be given, ^ where the process is 
identical. True, the Cercomonas has a conjugating and subsequent 
resting stage, after which swaniis emerge from spores thus formed. 

^ Manual of the Infusoria^ i. 269. 



6S2 FUNGI 

But a fuller knowledge of B. lineola is cei'tainly wanting before we 
can deny the further analogy. 

No doubt if such affinity were established, it would lead to much 
rearrangement at the base of the organic seiies. 

Since there is an apparent and highly suggestive leaning of the 
Bacteria to those forms of Algae which foim the group of Noatocdcece, 
these also would l)e brought nearer the Flagellata ; while the Myce,- 
tozoa will have singvilar points of contjw^t with these, one of which 
has reference to the mode of aporing of one at least of the flagellate 
saprophytes,^ while it is suggestive that the same grouping, should 
the affinity be esbiblished, would involve a connection with the Alg8& 
and the Fungi. 

It is only definite results leading to a comprehensive view of the 
morphology of the Bacteria as a whole that can l ender generalisation 
in this matter safe. 

By the word Bacteria we mean, strictly speaking, rod-aliappxl 
micro-organisms, but the term is now cximmonly used to indicate 
the whole group of fission- fungi, which includes not only rod -forms 
vaiying in len^h but also sphericjd and egg-sliajved cells. Motile 
forms, whether longer or shorter, are jxissessed, as a rule, of fine 
flagella. The mode of multiplication commonly oliserved is by 
fission. The pi-oducts of successive fissions may remain together in 
a single filiform row loosely attached, or attached by the unbroken 
filament of the flagella, or they may at once separate from the 
pi'imal cell. Multi plictxtion also <x5curs by processes which may be 
considered as representing fructification. 

Of the nature of this simplest cell we have hitherto learnt 
(comparatively little ; the protoplasm is generally hornogeneotis, but 
in gome species contains .starch granules. Thus ClostHdium 
btU]/r%cum gives the starch reivction with iodine. Sulphur granules 
are present in species of Beygiatoa which thrive in sulphur spi’ings. 
Others again contain pigment. The most remarkable of the 
coloured forms uniformly tinged red was found and named by Ray 
Lankester ; ^ other forms, coloured green by chlorophyll, have been 
described by Van Tieghem and Von Engelmann, but it is quite 
possible that these may be Algte, and further researches are required 
before these particular micro-orguiisms can be included among 
bacteria. 

Within the protoplasm of the Bacteria, however, no nuclei have 
hitherto been discovered, but there is a deliciite investing envelope, 
probably a mere thickening of the outmost area of the protoplasm, 
which is often also gelatinous in its outer portions. 

Many forms of Bacteria have the power of entirely free move- 
ment. Frequently this movement is coincident with a revolution on 
the longer axis of the rod, curved or straight, and in the vast 
majority of cases this is directly correlated with a vortical action of 
a front flagellum — an action which may be seen with the utmost 
ease, if the proper means be employed, in the case of SpiriUiwi 

1 J.B.M.S. vol. V. ser. ii. pp. 189-90, fig. 16, Plate V. 

* Quart. Joum^ Mierosc. Sci. new serieB, xiii. 408. 
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volutaiia^ and less easily, but \vith almost equal c^ertaintVy in the 
majority of other forms, not excluding B. temio. 

The simplest forms in which Bacteiia are found are as isolated 
cells of round w ovate shape : these are known as Mm*ococci^ tind 
must be distinguished from immature and developing monads of the 
saprophytic gibup. The fission by which micrococci multiply may 
take place in one direction only, and if the resulting cells remain 
attached they form diplococd. If fission again oc*curs in each of 
these cells and is repeated agjiin and again and tlie resulting cells 
I'emain attached, they give rise to l>eautiful chains, rosaries, or 
streptococci. If fission occurs in single cells in two dii^ections 
tetracocAii are formed, and if in three directions pa(*kets of eight are 
formed, or sarcina-cocci. 

The rod-like forms are found isolated and fi’ee, or in chains. 
Formerly short rods wei*e called Bacteria^ and long I’ods Bacilli ; 
but fis the t(Tm hacteria is a})plied to the whole gi’oup of fission- 
fungi, it is moi e usual now to avoid confusion by speaking of all rod 
forms, iiidej^einlently of their length, as bacilli. Some which are 
fusifoiiii in appearance ar<^* known as (Hostrklia. 

Tlie coiled rods or spiral foi*ms are either (1) closely coiled, when 
they ai’e known as , Spirillum and Spirochtete (more threadlike) ; or 
(2) those more openly coiled are known as Vibrio7i4>8. 

There are also very elotu/ated filiform varieties known as Lepto- 
ihrix and brjinched forms as streptothri.c. In Becpjiatoa the fila- 
iiuuits are fixed at one extremity and stretch the other free in 
the surrounding fluid. 

Cohn classified hactei’ia according to theii* shape, but Ray Ijankester, 
Zopf, and otluus have shown that stwend micro-organisms in their 
life-cycle exhibit successively the shapes charax^teristic of the orders 
of Cohn. These pleoinorpliic species may be illustrated by Begyiatoa 
alba. 

In the refuse waters discharged from factoiies, especially the 
sulphurette<l effluents of sewage works, is found this form — the 
‘sewage fungus ’ of engineers. It may have a thickness of 5^, and 
it maybe as attenuated as to measure only 1 p. It is attached in an 
erect manner to objects in the impure water it affects (fig. 487) ; and 
the filaments consist of i*ows of cells, and in the protoplasm of these 
granules of sulphur are enclosed. The filaments readily break up 
into cells about as long as tliey are broad, and In^come at length 
active but tw entually attJU'h themselves to some object and cxmie to 
rest, when they midtiply V)y fission and mcumulate in masses of 
zooglcea. ‘ They may dev elop into rods, and these again inU) the 
filiiments after the rods have piussed through the swarming state.’ 

Spirally twisted forms also arise in this spe<;ies. These break 
into coiled parts, po.ssessed of flagella, ami exhibit extremely active 
movement. Tlie flagella in these are as strong and easily .seen as 
in the Spirillum volntaiiSy and these forms w eie known at Jin earlier 
period as Ophidomonas. 

Fig. 487 sliow's at 1 a group of the attiiehed filaments of Beggiatoa 
alba : 2 to 5 show’ |X)rtions of filaments of differing diameters ; 5 
shows a filament in the act of multipartition. The small dark circles 
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throughout repi'esent the granules of sulphur ; 6 to 8 show fragments 
rich in sulphui^ with transverse septation developed by treatment 
with methyl -violet solution. In 8 the formation of cocci and spores 



Fio. 487 . — Beggiatoa alha* (From De Bary’s ‘Comparative Morphology of Fiuigi.’) 

is seen ; 9 shows the result of filaments having broken up into spores ; 
10 shows spores in movement. 1 is magnified 540 diameters, the 
remainder 900 diameters. 

Figure 488 shows the growth of the curved and spii’al forms 
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of the same : A is a group of attached filaments ; B to H show por- 
tions of spii-al filaments ; C, D, F, to H represent the act of division 
into smaller fragments but without motion ; in H the separate 
cells are distinctly showTi ; E shows the sepaimtiou of a complete 
spirillum form possessed of flagella and capable of gieat activity. 

Bacteria may be united by some interfusing gelatinous material 
in which all jtction ceases or is of the most limited kind ; and these 
living films, which appear on the surfece or suspended in the interior 
of putrescent fluids, are 
known as Zo6(jlmi\ 

They may also be found 
on the surfaces of solid 
bellies, wheie the putre- 
factive ferment is in 
action. 

Bacteria have been 
divided into two classes, 
distinguished by the 
formation of PMclospm'es 
in the one and of arthro- 
, spares in the other, 

1. The endospmrnis 
forms are those whose 
multiplication is brought 
about bv the formation 
within a cell of a minute 
globular or oval body, 
which, \\hile the sui*- 
I’ounding [)r()to plasm of 
the mother-cell is assim i - 
lated, gimlually reaches 
its mature condition 
What it is that exactly 
determines the act of 
s})ore-formation is not 
known, but it is probable 
that free access to oxygen 
constitutes an iin{K)i*tant 
factor. 

A chosen illustration ^ 0 ^ — Beggiatoa alba, curved and spiral 

of the eiKlosparcnts JBac- forms. (Prom De Bary'n ‘ Comparative Morpho- 
teria is Bacillas mega- Fungi.’) 

theriiLin. It was first 

observed on lx>iled cabbage leaves, and is considered by De Bary as 
an ‘exceedingly instructive form.’ It is 2‘5/x in short diameter and 
al>out four time.s as long as this. It is illustrated in fig. 489. a re- 
presents a motile chain of the Bacilli in active vegetation. This is 
magnifie<l 250 diametei*s. h two active rods magnified 600 diameters. 
p shows the result of treating a form in the condition h with an 
alcoholic solution of iodine, c is a rod with five cells preparing to 
form spores, d to f represent successive stages of a pair of rods in 
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the aet of .s})()res, .-in ]u)ni‘ Intn* tli;ni <1, .mui] ./’an hour 

lat(*r thiiii e. The cells which «li(l not (•<»ntain sp<n'(‘s (lis.ipjM^aicd or 
jxM isliod. r is a qiiadricelliilar rod with s|)or(‘s. y’ is a five- 

cell<*d rod with three ripe sporos place<l iji a nutrient solution aftta- 





p 

a 

Fia. 48tJ. — BacilluH mcffaflioiKiii 
(From l)e Bary’K ‘ Cojiiparativ* 

Morpholoj^y of Fnnj^i.') 

5/i to 20^ in 

length anil Ip to l ^op in width (fig. 490). 
Fig. 491 shows two filamenfs grown on a 
niicroscojiic slide (De Bary) in .a solution of 
meat ext lact, pai’tly in an adwaneed state of 


s(‘veral dav'^ desiccation, y- is the 
same an hour after ; y-^ is the same 
after another two hours and a half. 

is two spores with the walls of 
the mothei-'Cells dried and placed in 
a nutrient solution ; A.j is the same 
forty-five minutes later ; /\ /j, I, thi ee 
stages of germination of the spoi e. 

B(vcilh(s anthracis and />. sffhtlli.s- 
are very typical examples of rnido- 
spoi'ous hactm-ia, 7i. (ittflrracis has 
h(‘(‘n ]>roved to be the virus of 
anthrax 01 * splenic fever. It is 
louml in gr(*at profusion in tlie 
hlood ami tissues of .animals attacked 
))y this disease in llie foian of rods 
.Old lilaimnils 


Firt. 491. — A, Bacillus 
anthracis ; B, B. sii b- 
tilis. (From De Bary ’s 
‘Fungi.’) 


Fig. 400. — Bacillusi anthracis, x 1,200. Blood 
corpuscles mul bacilli uastained ; from an inocu- 
lated mouse. (bViiukcl aud Pfeiffer.) 


spore -formation. At the npp<‘r part of the figure two ripe spores 
l\av(‘ escapeil. Thes<‘ spores ou gei-miuation elongate and give rise 
to new giT)ups of rods and filaments. 
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/?. stMUtSy which is tlie Bacillus common to decomjKJsing hay 
infusion, has a life-history extremely similar to B. anthracis. It 
s|)ores in precisely the s*ame manner. The outer wall of the sj)Oi*e 
is com{)jiratively thick, and the protophism elongates in the direction 
of the longer axis of the sj>ore and of the mother-cell with which 
this coincided. B, fig. 491 , represents the <levelopment of B. mcbtilis : 
1 shows fiugment of filaments with ri})e sjMjres ; at 2 the spore is 
beginning to germinate ; Ji, the young i‘od is ])rojecting from the wall 
of the spore ; 4 represents gei in-rods curved in a horseshoe shape 
iUid with the extremities connected, one of them having one extremity 
subsc(piently released ; 5, germ-tubes with the two extremities 



Fid. 402. Lvuconostoc mcsenteroides: 1, Sporew; 2, Spor<*K after germination, 
sliowiiig gelatinous envelope ; 8, 4, 5, 6, Increase by division ; 7, Glomerular form 
of zoiigUea; s, Section of an old mass ol zoiiglo*a; ‘d, (’occi cliains with iirtliro- 
'•pores (Tiegliern and Cienkowski). 

remaining connected and already gi*eatly increased in size. The whole 
repi esents a magnification of 600 diameters. 

11. Arthi'ospm^ous forms are repro<luced by tlie .separation of 
single membei*s from their ctmneetion with a- group, which then 
give oi igin to new generations. The.se cells, appirently not differing 
from the rest, become larger, w’ith touglier walls an<l more refiuc- 
tive, and while the r€»st of the group die they, having acfpiired the 
pi'opei‘ties of .spores, can produce a new growth in any fresh 
nourishing soil. 

A sufficiently <letjiiled illustration of the arthrosporous Bacteria 
may l^e seen in LmtconoaUjc mesent^yi'oidea (fig. 492). This micro- 
organism (X*curs oc*ca.sionally in l)eeti*oot juice and tlie molasses of 
sugiir-makers, forming large gelatinous masses resembling frog spawn. 
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ChainH of cocci ai e found by mici*oscopic4il examination, and some of 
the cells in a chain are enhirged without changing their form and 
ihwelop into typical ai throspores. 

The Bacteria behave very variously under the siAine ctmditions 
of supply or exclusion of oxygen. The require free oxygen 

in quantity, tie e.g. }>. sithtUia; while in the miaerohic the vital 
activities are promoted by its exclusion. But there can be no doubt 
tint gi'a-dual moditication of either condition will bring about adapta- 
tions. Naegeli has shown that there are forms which usually depend 
on oxygen which continue to vegetate when free oxygen ceases. 


A h 
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Flu. 49}J. - A, liticferivm trnno, each cell furnished with a single fiagelluni. Magni- 
4,000 (liameterH. B, (3, D, Bacterium fiueala, each cell wlien separated 
having a flagolluni at either en<l. Magnified o,000 diameters. (Dalliiiger.) 

Their nutrition is carried on like tluit of other vegetative forms 
<U*void of chlorophyll. The actual typical group are without doubt 
tlu5 saprophytic Bacteria. The rehxtion of the parasitic or pathoffemo 
forms to these is one ot the most interesting problems in miciwopic 
liiology. That they are [ihysiological modifications of the saprojihytic 
forms appears per se a possibility; but in tlie light thrown upon 
biological change and survival by the liypothesis of the origin of 
siH‘i*ies, the suggestion incites to practical iiupiiry and research. If 
the parasitic Bacteria an* physiological modifications of the saprophytic 
forms, to know the ))ath by which they biologically became such may 



Fiu. 494. -Four individuals of Vibrio riujuta^ oach showing flagellum at one or 
both ends; two other individuals, u and b, sei>aratiiig from each other, and draw- 
ing out a protoplasiuie filament to form their second ftagella. Magnified 2,000 
diameters. (Dallinger.) ’ 

be to put more into the hands of medicine than could be accomplished 
by any other means. 

Bacterium te^'mo is the most universally present and abundant of 
the saprophjdiic species. It is Ig to 1*5^ long, and 0*5 to 0* 7/i broad, 
usually of dumbliell form. These Bacteria are usually seen in ‘ vacil- 
lating ’ movement in their free state ; each cell l)€ars a flagellum at 
each end, fis B, 1) (fig. 493), whilst the double cells bear a flagellum 
at each extremity. The formation of the second fhtgellum takes place 
by the drawing out of a filament of protoplasm between two cells 
that are separating from each other (as in fig. 494. a, 6), the rupture 



SPIBILLA 


<5S9 

of which gives a new flagellum to each. Their flagella are so minute 
as to be among the most ‘ diflScult ’ of all microscopic objects, their 
diameter l)eing oilculated fi-om 200 measiii ements by Dallinger 
at no more than inch.^ Although this species does 

not ordinarily multiply in any othei* way than by transverse sub- 
iUvision. yet, under ‘ cultivation ’ at a temperature of 86® Fahr., its 
cells have l>een seen to elongate themselves into motionless rods, 
revsembling tho.se of /kirilU, whose endoj>lusm breaks up into separate 
particle.s that are .set free as small bright alm().st spherical s{Hn'es, 
which sometimes congregate so as to form a zodfjloea-lihn. These 
germinate into sliort slender ro<ls, which are at lir.st motionless, but 
.s(K)n undergo transver.se fi.ssion, and then ac<juire flagella. 

Th(‘ Vihrioitps mny be represented by T. seen in fig. 494. 

They are .slightly curved lods and threa<ls, from (Sfi to 1 6// long, and 
varying in thickne.ss from O to 2/ti. They have well-marked flagella, 
one at each end. They ap[)ear in veg(‘tahh‘ infusions, cuirsing fer- 
mentation of cellulose. 

The S/tirllhf are the large.st forms in tjie group. chai*acterised by 


/ 

\ 


Fill. 4y.") A, Hnduln^ Hliowiit^ at oach end. Magnified 8,000 

dlaInelt‘r^ Spin/htni rofntam. Magnified 2,000 diameters. (Dallinger.) 



their spirally* formed cells and tlieir graceful spiral motion, 'fhey 
are fairlv repr<*.sented in fig. 495 by* Sjnrilltntt uadtda (A) and 
Spirilhnn rolntans (B). The threads of the former are from l lg to 
I '4iu in thickne.ss, and from 9g to 12g in length. They are inteirsely 
active, and po.s.se.ss a flagellum at either end. They are found in 
varviug decomposing infusuais. 

Spirillum volutaus was known to and named by Elirenberg. It 
is from l *5g to 2*3g in thickne.s.s, and varies from 25yu to flO/i or 
more in length. It has di.stinctly granular contents, and a very 
etisily demon.strable flagellum at each end of the spiral ; a fla- 
gellum w as distinctly* sugge.sted by* Ehrenlxn'gon account of the voi*- 
ticnl action vi.sible in the fluid before this spirillum as it advanced. 

With the }>eautifully coi*rected 6mm. jK3w*er of Zei.ss (a|KX5hromatic 
dry* N.A. 0*95), all but the most ditticult of these cfinbe.seen in fresh 
specimens w ith relativ*e ease on a da/rk gronml wdth a 12 or 18 eye- 
})iece, provided they be examined alive with the flagella in motion. 

* Jouru. of Boif. MuroHc. Soc. vol. i. D87S), p, 175 * Ewart, loc. eit. 

c u 2 
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For tlie inoii* ilinicuU ones (II. tf^rmo mjmI H. Umola) move careful 
arrangeinci il art* r(‘t|uirt“tl. In <lri«*«l s|K*('inH‘ns the flagella can be 
tlninonstratcd, anti easily [>h()togia|>lnMl, })y staining them by 
a sp(‘(*ial »n<*tli()il iiiti'otliicctl }>y JjblHer (fig. 

'Plit* germinating jiowt r oftla^ spoivs of llacteria maybe brought 
into opt'iation at ttnet* on their r(*aehing i'i|)i‘iH*ss, or they may be 
<lesiccate<l for an iTelt'finite tina*, and again, on r(*aching suitable 
surroundings, u ill gerininatt* as l>et‘or(*. ddiis povvei- is lieltl in vari- 
ous degrees by diilej*<‘nt foians, hut the whole subj(H*t needs more 
uniform and t'xiiaustivt* in(|nirv. 'The spor<‘s ol H. sffhtilis retain 
th<‘ir vitality Idr yt'ars it ke[)t in a ilry air, while those of 
/;, ttufJu'ftris are stated iw Uasteur to remain alive in absolute 
al<*ohol ; ^ ami Ihvteld Idnnd their powei* to germinate uninjured 
att(‘i- the lapst* ot thr(*(* yt'ars in a dry atmospht*i*t‘. lit* also found 
tliem prtn)l* against tie* ht>iling point t>t water, anti even a higher 

temperature, hut he 
found that fewer and 
fewer survived in boil- 
ing nutrient fluid until 
the end of the third 
hour, wlien all were 
<lt*st rt)\ (‘(1. So I hichner 
ft)untl that the same 
Sport'S \vev(‘ wholly 
killed only al’tt'r three 
or I'oui- hours' ht)iling; ^ 
wljile ]tist(‘uj‘ states 
that groups of un- 
(•(‘I’tain s[)ores can 
withstaml a tempera- 
turt* t)f IdOnJ. There 
is, howt‘\(n-, uncer- 
tainty, because a want 
of uniformity, in the 
Fia. t0(». of Ty|»Iu)i<l Fiiicilli, x 1,000, Htaiiicd rt'sults from Vtarious 

l>y I -iinit'r’s nu'thod. (Friinkt*] tiiitl Pfeiffer.) soiirct'S * tt) C 

)uay be taken as the 

average degree of temperature at which thes,. organisms will f'retdy 
germinate ; hut B. terino, for example, has be<‘n known to gta niinate 
from 0-0^ 0. to 40° C. 

Notliing like ‘conjugation,’ oi- any otlu‘r foiin of se.xual gtuiera- 
tion, has yet been witnessed in any llaeteria ; ami until such shall 
have been discoveretl, no eonlideiice ean bt* felt that we know the 
entire life history (.I'any one type.^ Wlnui tluvse facts are allowed 

' ‘ ('lmrl)on ct Srj)t irt-iiiif,' Coiujit. lion]. Ixxxv. p. 01). 

' l')itrrs. iiltf’f tiifili rr ril::r^ 1H82, p. 220, 

As it sroiiis niKpit'st iojiJiblc ttnit Minoii^ tlio I^^ungi ‘conjugation’ often 

iakt's lit 11 vcvv eui’ly stage ol growth, it s»M‘nis a not very improbable surmise 

(hat the ‘ granular splu'U's ’ ol)s<*rvctl hy Ewart in UnriJhtfi and which 

seem to correspond with the ‘ microplasts ’ ohserved by Kny Lankestei* ' in liis 
Ihirto-noH nihrsrr)i.s, nmy be a iirodiict of conjugation in the ini. rocoeeus stage of 
these organisms. 




BACILLUS ANTHKACIS 


ttieir cliu' wi'iirht. lU) ditHeulty can Lc felt in ailinittin" tlie action of 
liacteria. A'c.. in ])rodiu*in^ (lccoin|H>^it ion uiulm* comlitions which 
might at ticst view ))c tairly ,su|>j>ostMl to ]>cccln(K‘ the |K».sil)ilitv <»t 
theii- ])ies(*ncc. This action is altogetlun- analoi^oiis to that of tin* 
yeast -plant in producing sjiceharim* fennentat ion ; and t lu' careful 
and exact expeiinients ot‘ Ita.'xtciii, iej)catc<l 
and verified in a great \arioty of modes hy 
Lister, Tyndall, and otluM's. leave tio douht 
on these two points — (1) that puti-cfai-t i\ c 
fermentation docs not tak«* j)lact*. «'ven in 
liquids winch arc piaadiarly disposed to pass 
into it, except in the presema* ot‘ Hactiaia ; 
and (2) that neithei- thest* gtnans mu* any 
others arise in such liipiids ih> nnr(t, Vait that 
they are all con\eye<l into them hy tia* aii- 
when not otherwise introduced. It is thus 
also with the })arasitic or pathogenic torms 
of Bacteria iti setting up di^easi*. d'hus 
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Pig. 497. — Spore-beariag threads of BacilluH 
anthrachy double-stained with fuchsiiie and 
methylene blue, X 1,200. (Crookshank.) 


h’i(.. 1 '.' rjiph of H 

pure-('uln\ atioii of Jia 
cillusd Ilf is, ( { 'I'ook 
Hhank.) 


‘ Splenic fever’ is producible by the inoculation of lUmllua anthraciH 
(figs. 497 and 49H) ; and tctaims or ‘lock jaw ' hy inoculation with 
another s[»ccic,s ot />Vnv///ns’, tla* microhes ha\ ing been in both casi's 
‘ cultivate<l,’ so as to he free from other contaminating matter, 
Similai- observations have been made 

upon tuberculosis (figs. 499 and 500), x 

actinomycosis, glanders, so that an 4 

animal suffering under any of these ^ JJ, 

diseases may be a focus of infection 
to others, for precisely tla* same 

reason that a tub of fcrim-nting Ina r * * 

is capable of propagating it> fiuinen- 

tation to fresh wort. A nio>t notable ^ 

instance of such pnjpagation is ^ 

afforded by the spiead of the di.sease Fm. 499.— Bacilli of tubercle in 

termed ‘ |)cl>rinc ' among the silk- Hputum, x 2,500 (from photo- 

WOITOS (>t tl,.- M.ull, „l ITMIK-.-. (CrookBhank.) 

according tt) Pa.steur, is canned by a 

minute organism named A’c.sv //c/ Boirdrycia^ the mortality caused by 
it being estimated to produce a money loss of from thi^ee to four 
millions sterling ajimiaily for se\ eral years following 1853, when it 
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lii-st oroko out with viohnn'O. It h;is Ihmui shown hy microscopic 
investigation th;it ill silk worms st ron.i^Jy iiflcctiMl with this (lis(‘;is<'. 
every tissue mul org;ni in thr IkxIv is swaiuiin*^^ with thoso minute 
cvlin<lric;i 1 (*oi | tus(‘l(‘^ nhout \ 2fi !on_L'‘. :«n<l that t lu-se esen |>ass into 
tlie uiulev (‘tojxM 1 e<^i^s ot the t'emah* motli. so tliat the (lis(*as«* is 
hcrcMlita l iK’ t i-an>mitt<‘(l. Ami if has Immmi liirthoi- ascert a incd 1»\' 
tla- r<“sea iclies ot Itastenr that these corpuscles are the act i\ »* aii'iuits 
in th(“ proiluction ot the thVrase. which is en^^emlered in health\' 
silkworius hy their rec(‘ptiou int<» t heir bodies ; whilst, if due pn*- 
caiitions he taken aeninst their transmission, the malad\' umy he 
<’om jiletely exteiauiuat ed. 



(t h c 

Fi(i. r.(K». 1*110' ( ultivations on j^lyceriiusagar from human tubercular sputum : 

t(, after SIX months’ growtli (hftli sub-culture) ; 6, c, after ten montliH’ growth 
(fourth sub-culture). (CrookBhank.) 

Ikacteriology is now so distinctly a branch of biological s(*ience 
that it would !)<• out of place here to pi-escnt iwen a summary of its 
voluminous details ami metlmds of l esearch. The microscope in its 
most ])erfect forni is an indispensable adjunct to the ra[>idly progres- 
si\e work ol’ t his ( Icp.art ment of biological rt'sc'ai'ch. and tlu' most 
<lclicat(* and relimMl muployment of the microscoja' ami all its 
ad junc t s is in the last d(*grcc impoi-taiit. Only a skilled mieroscopist 
can 1 k‘ a succ'c'sstul hactc'i'iologist. But for the uu'thods of the 
hac*t (uiological lahoratorv we must ret'ea* th(‘ reader to treatises on 
this hram-h ot‘ seimuay^ it l>eing miough Ihum' to rcauark that tin* 

' TIk' taiglish stmlcnt will tind an admirable aid in the 'I'r.rf nf Jhicicno- 
hxjU (Uid Injectin' Jliscdses ( ith ed.), by I'rofessor E. Crookshank. 
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(Plate XIV). The inoculated bacteria, instead of moving freely, as 
they would in a liquid medium, ui^e fixed to one spot, where they 
develop ‘ colonies ’ in a chaiacteristic manner, showing tlieir own 
morphological features (fig. 502). Cleanliness and care, as well as 
practice in manij>ulation, are essential. In the same way we win only 
allude to the investigation of the chemical products of bacteria, such 
as toxins, and to those antidotal substjinces or antitoxins which 
develop in the blood of suitfible animals inoculated with gradually 
increasing doses of toxins. Antitoxins and vaccines are now largely 
used in the treatment of tetanus, diphtheria, typhoid fever, plague, 
cholera, and septic diseases in the hiimfin subject. 

The pathologicixl and therapeutic value of these researches is 
far beyond our present ability to estimate, and must have an 
apparently increasing value. But it is a science with which a work 
of* this sort may not deal further than to show the right use of the 
microscope and its ap[)liances, by which the work of pathological 
Iwicteriology can alone he suc(;essfully done. 



iM.tU- XIV. 
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CHAPTER X 

MICROHCoriC tiTUVCTUUE OF THE HIGHER CRYPTOGAMS 

Hepaticse. — Quittinj^ now t.lu* nlg.il aii<l fungoid types, an«l 
♦filtering the series of t(*iTestrial eiyptogaiiis, we liav’e first to uotie 
the little group of Ilpp(di€o\ oi* liverworts. This grou]) 2 )i‘esents 
numerous ohjec'ts of great interest to the niicToseoj)ist ; aiul no 
species is richer in these than the \**rv eonnnon Marcliaidla pohf- 
morphrt, vvliieh may oft(‘n he fouml growing between the pjiving- 
stones of damp courtyards, but 
whioli particularly luxuriates in 
the neighlx)urhood of springs oi 
waterfalls, where its lobed fronds 
are found cov<U’ing extensive sur- 
faces of moist rock or soil, a<lher- 
ing by the radical filaments (rhi- 
zoids) which arise from their lower 
surface. At the [)eriod of fructi- 
fication these fronds send u[) 
stalks, which cany at theii* sum- 
mits either round shield-like discs, 
or ludiating Ixxlies that bear some 
resemblance to a wheel without 
its tire (fig. 503). The former 
carry the male organs or cot- 
therids ; while the latter in the first instancM* bear tin* female 
organs or which afterwards give place to the sporauyeH^ 

or sjKne-cuises.^ 

The green surface of the frond of Marchantia is seen, under a low 
magnifying ix)wer, to be divided into minute diamond -sha{)ed spaces 
(fig. 504, A, a, rt), bouiided by raised bands (c, c) ; every one of these 
spaces has in its centre a curious brownish -coloured body (/>, h), with 
an opening in its middle, which allows a few small green cells to be 
seen through it. When a thin vei-tical section is made of the frontl 
(B), it is seen that each of the lozenge -shaped divisions of its vSuiTace 
corres}K)nds with an air-chamber in its interior, which is bounded 
below’ by a floor (a, a) of closely set cells, from whose under surface 
the rhizoids arise ; at the sides by walls (c, c) of similar solid 

1 In some species the same shields bear both sets of organs ; and in Marchantia 
androgyna we find the upper surface of one half of the shield developing an therids, 
whilst the under surface of the other half bears archegones. 



Fig. 508. — Frond of Marcftaniia poijf 
tnarphaj with gemmiparous coiicop 
tacles, and lobed receptacles bearing 
arcliegones. 
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parencliyme, the projection of wliose suiniiiits foi-ms the i*aised 
imnds on the surface ; and alwve hy an epi<lerin (ft, ft) formed of a 
single layer of cells ; whilst its interior is f)ccuj)ie(l by a loosely 
arranged parenchyine comjx)sed of branching rows of cells 
seem to si)ring from the flooi*, these cells being what are seen from 
above when the observer looks down through the central apei*ture 
^ just mentioned. If the vertical 

section sliuuld ha})peu to traverse 
one of tlie [)eeuliar bodies whicli 
occupy the centres of the divi- 
sions, it will lu'ing into view a 
structine of itanarkable com- 
^ plexitv. Each of these stomatf^n 
(as they are teiined, from the 
_ (Ireek (TTopa, mouth) forms a sort 
^ ' V" ^ ' of shaft (</), compose<l of four (ii* 

^ five rings (like* tlu^ ‘courses ’of 

hricks in a cliimney) ])laced one 
j / upon the other (//), every ring 

I being madt* up of four or five 
tin* lowest of thes(* 
^ M (0 regulate the 

a])erture by the contraction or 
^ (expansion of tie* (*(*lls which 
‘ ‘ * comj>ose it, and is hence termed 

Fio. f>04. — Sirnf>fnrrt nf frond of tlu* ‘ ol>turator-ring. In this 



FiCi. 504. — Structure of frond of Mnrchan- 


tia poUjmorpha A, portion seen from manner each of the air-chambers 
above; l<«enve-Hlmpc<I d.vi»io„K; „f t,h,. fvond is l>i-()Uf;lit into com- 

6,0, HtomatcH 111 the centre of the lozengeH; • i ^ 

c, c, greeniHli banda aeparnting the mnn](*atlon With file external 
lozenges. B, vertical section of the frond, atmosplim-e, the degree of that 

eonununicMtion being regulated 
chamber, d, d, the epidermal layer, 6, 6, h.V the limitation of the aperture, 
forming its roof ; r, r, its walls ; /, t, loos<3 We sliall liereafter find that tlie 

l-ves of the higher pl;a.ts cote 
wall ;«, cells, forming the obturator-riiig. tain nitercellula-i* spaces, which 

also communicate with the ex- 


communication being regulated 
by the limitation of the aperture. 


terior hy stornates, but that tlie structure of tliese organs is far less 
complex in them tlian in tliis linmble liverwort. 

The frond of Marchantia usually bears ujion its surface, as shown 
in fig. 50d, a number of little open basket-sliaped (jemmiparons con- 
ceptacles (fig. 505), which may often be found in all stages of develop- 
ment, and are structures of singidar beauty. They conbiin when 
mature a number of little green round or oblong discoidal gemniw, 
each composed of two or more layers of cells ; and their wall is sur- 
mounted by a glistening fringe of ‘ teeth/ wliose edges are themselves 
regularly fi*inged with minute outgrowths. This fringe is at first 
formed by the splitting up of the epiderm, as seen at B, at the 
time when the conceptficle and its contents ai’e fii’st making their 
way above the surface. The little gemmte are at first evolved as 
single globular cells, supported ujx)n other cells which form their 
footstalks ; these single cells, nndergoing binary subdivision, evolve 
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themselves into the gemnue ; and these geiimiie, when mature, 
spontaneously detach tliemselves fi*om their foc^tstalks, ami lie free 
within the cavity of the concept4icle. 


Most commonly they are at last 
washed out by rain, and are thus 
carried to different parts of the 
neighbouring soil, on which they 
grow vei'y rapidly when well sup- 
plied with moisture ; sometimes, 
however, they may be found grow- 
ing whilst still contained within 
the conceptacles, forming natural 
grafts (so to speak) u|K)n the stock 
from wliich they have been de- 



veloped or detached ; and many of 


the irregular lobes which the froml 
of Marchmiila puts forth seem 
to have this origin. ^rh<‘ very 
cui'ious obsei’vation was long ago 
made by Mirbel, who carefully 
watched the develojauent of these 
gemhKf ., that stomatt*s are formed 
on the si<le which happens to 
exposed to the light, and that 
rhizoids are put forth from the 
lower side, it being apparently a 
matter of indilfeivnc(‘ which sitle of 



the little geninia is at fii'st f iiriKMl eo,Ko,.Uu l. K 

upwai’ds, since each has the jmwer oiMarchaniiapoJijmorpha: 
of <leveloi)ing either stomates or fully oxixuided, rimn^ from 

, . ^ ... tlie Burftu'C of the frond, o. n, and 

rhizoids 5U‘Cor»ling to tlje influence containinj; iionidial i^omnuH tilroady 
it receives. After tin* temlencv to detached, B, lirnt ai)i)earance of 

the formation of these Olgans has conceptaele on the surface of tin? 

, . , 1.1 frond, showintir the fonnalion oi its 

onire been gi\eii, lio\vt*\ei, by the fringe by tlie splitting of the epidenn. 
sufficiently ])r()longed influence of 

light ii|x)n one side and of darkness and moisture on the other, any 
attempt to alter it is found to he vain ; for if the surfaces of the 
young fronds be then inverted, a twi.sting gi^owtli soon re.stores them 
to theii* original as[>ect. 

When ^farc]lantia vegetates in dam]> .shatly situations wliich 
are fivonrable to the nutritive* j)rcx*e.s.ses, it does not readily proelnee 
the true fructification, which is to be looked for rather in ])lants 
growing in more exjiosed plac<\s. Ejich of the stalked [leltate 
(shield-like) discs contains a number of flask-shajXMl ca vities opening 
upon its up])er surface, which are brought into vi(*w by a vertictil 
section ; and in ejudi of these (ravities is lodged an aniherid which 
is composed of a mass of * sperm -cells,’ within which are develo[)ed 
anihfprozoida like tluise of Chara ; the whole being siuDiounted by a 
long neck that projects tlii ough the mouth of the flask-shaped mvity. 
The wheel -like receptacles (fig. 503 ), on the other hand, bear on their 
under surface, at an eai*ly stage, concealed between memlmanes that 
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The ‘ urn,’ or ‘ capsule,’ of mosses, filled with spores, and borne 
at the top of a long footsbilk that springs from the centre of a cluster 
of leaves (fig. 508, A), is the ultimate result of an act of fertili- 
sation ; for mosses, like liverworts, possess both cmtherids and 
archstjoma. These organs are sometimes found in the siime envelope, 



Pig. 50i). --Antherids and antlierozoids of Pohjtnchnm commune: A, group of 
antheridfi, mingled with haire and aterile filaments (paraphyses). Of the tliree 
antherids, the central one is in the act of discharging its contents ; that on the 
left is not yet mature ; while that on the right has already emptied itself, so that 
the cellular structure of its walls becomes apparent B, cellular contents of an 
antherid, previously to the development of the antlierozoids ; C, the same, 
showing the first appearance of the antherozoids ; D, the same, mature and 
discharging the antherozoids, 

or ^yeriyone, sometimes on difterent parts of the same plant, some 
times only on different indiviiluals ; but in either case they are 
usually situated close to the axis, among the bases of the leaves. 
The antherids are globular, oval, or elongated bodies (fig. 509, A), 
composed of aggregations of cells, of which the interior are ‘ sperm- 
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cells/ eacli of which, iis it comes to maturity, develops within itself 
an antherozoid (B, C, I)) ; and the antherozoids, set free by the 
i*upture of the cells within which they ai*e foi*med, make their 
esciipe by a j)assage that oj»ens for them at the summit of the antherid. 
The aiitlierids are genemlly surrounded by a cluster of hairlike 
filaments (fig. aOf), A ), which are cnlled jHiraphyses \ these vseeiu to 
be ‘sterile’ or undeveloped antherids. in the ‘Iiair-moss/ Poly- 
trichum coninif()h\ one of the largest of our mosses, common on dry 
heaths, these antherids are collected into ctmspicuoxis starlike 
clusters at the (extremities of the Imuiches of the ‘ male ’ plants. 
These are to 1)e seen about April, and at tlie same time the arche- 
gones msiy be detected concealed among the heaves on the ‘female’ 
j)lant ; whih‘ the capsules, or sporaiiges, in this and most other 
mosses, make their appearance late in the summer, and remain 
througli tlie winter. I’he archegones bear a general resemblance to 
those of Mdi'chantia (fig. 507), and tin' fertilisation of their con- 
tained oiispheres, or germ-cells, is accomplished in the majuier 
already <h'scribed. The fertilised (‘n\bryo-(‘ell becomes gradually 
developed by cell-di^'ision into a conical body elevated ujxm a stalk ; 
and this at length tears across the walls of th(‘ flask -shapc'd arclne 
g(me by a circular tlssurt', carrying the higher part upwards on its 
summit as a calyptor or hood (iig. 508, B, c), while the low’or part 
lemains to form a kind of collar i-ound the base of the stalk, known 
as the ra(fin(\ 

Tin* urn, tlu'ca, or sporatiye, wliich is tln‘ immediate product of 
the generative act, is closed at its summit by an operctde^ or lid 
(fig. 508, 1>, o, o), which falls off when the conttuits of the s}K)ninge 
are mature, so as to give thiaii free* exit ; and the mouth thus laid 
opcm is surrounded, in many mosst's, l>y a b(*autiful tootln^l fringe, 
which is termed the pf'i'istomp. This fringi'. as seen in its original 




Fkt. 510. — Moutli of 8porang€* of Fuaaria., 
nliowing tlie peristonif? in situ. 


Fio. 511. — Double p^riHtonie 
of Fontinalis anti pyretic a. 


undisturlied jx>sition (fig. 510), is a l>eautiful ol>ject for the binocular 
microst'ojie ; it is very ‘ hygi’ometric,’ executing, when breathed on, 
a curious movement which is probably conce-rned in the dispersion 
of the sjxu es. In figs. 511-515 are shown three dififerent forms of 
peristome, spread out and detached, illustiating the varieties which 
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it exhibits in different genera of mosses — varieties whose existence 
and readiness of recognition render them characters of extreme value 
to the systematic botanist, whilst they furnish objects of great 
interest and beauty for the microscopist. The peristome seems 
always to be originally double, one layer springing from the outer, 
and the other from the inner, of two layers of cells which may be 
always distinguished in the immature sporange ; but one or other ot 
these is frequently wanting at the time of maturity, and sometimes 
both are obliterated, so that there is no peristome at all. The 
number of the teeth is always a ‘ ]_K)wer ’ of four, vaiying from 
four to sixty-four ; sometimes they are prolonged into straight or 
twisted hail's. The spoi’es, or gonidial cells, are contained in the 
upper part of the .sporange, where they are clustered round a central 
pillar which is termed the colttvid. In the young .siKirange the 
whole ma.ss is nearly .soli.l (fig. 508, (J), the space {1) in which the 




Fio. 512. —Double iierisconie of .51 Jl. — Double peristome 

Bryuin intmuedimn. of (Jmcfidnini (irrftrinn. 

spores are developed being very small ; but this gradually augments, 
the walls lieeoming more condensed, and at the time of maturity 
the interioi* of the sporange is almost entii ely occupied by the spores. 
These are foimied in groups of four by the binary subdivision of the 
mother-cells which first differentiate themselves from those forming 
the capsule itself. The capsule and seta of mosses together consti- 
tute the oi*gan known as the 8poro(jone. 

The development of the spore into a new plant commences with 
the I’upture of its firm yellowish-brown outer coat or exospore, and 
the protrusion of its cell-wall proper, or endo^porp,, from the 
j)rqjecting extremity of which new cells are put foi-th by a pi'ocess 
of outgrowth, forming a sort of confervoid filament known as the 
protoneme. At certain points of this filament its component cells 
multiply by subdivision, so as to form ri^unded clusters or buds, from 
every one of which an independent plant may arise. The Musci, 
therefore, present an example of the phenomenon known as alter- 
nation of generations. The life-history of each individual may be 
ilivided into two ‘ generations : ’ the sexual generation or ^ oophyte,^ 
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vviiioh consists of the lenfy plant hearing tlie male ami female organs ; 
and the uon-sexual generation or ‘ sjKiropliA’te/ (*om[)ostal of tht' 
s|M)rogone with it^s sjun es, these two generations alternating with one 
another in the complete cycle of development. 

The tribe of Sph(njnace(t\, or ‘ hog-mosses,* is now separated by 
mnscologists from true mosses on account of the mai ked difterences 
by which they are ilistingnished, the three gioups, Hepatica^^ 
lU'ffacejv (or ordinary mosses), an<l SplKapidO^n , being ranked as to- 
gether forming the group MaadnHv. 

The stem of Sphaifuff^^Pd' is moi*e dis- 
tiuctly diftereutiat(‘d than that of 
lirj/acpo' into the central or medullaiy, 
the outer or cortical, and the inter- 
mediate or woody portions; and a very 
lapid passjig(‘ of tluiil takes plac<‘ 
tlirough its elongated cells, <‘sp<‘<*iall> 
in tin* medullar\ and cortical layers, so 
that if one of tlu‘ [)lants be plac<‘d dry 
in a tlask of water, with its ros(‘tt<* 
of h‘aves bent downwards, the wat<‘r 
will sp(‘edily drop from this until tlie 

Sp/fafjHrfCPfr exhil)it a very curious de- 
partnre from tin* ordinary t \ pe . for |iC 
instead of beiim small and )K>lv;]ronal, 

“ * , • “ (( il (( 

thev are larijre and elongated (tig. 514) ; 

tlu.y .■oBt.n-n n.. .■liU.vopl.ytl. Imt l.av.. 

Spiral fibres looscdy eoihsl in thmr in- i-mpty ( (‘Hk, a, a, a, with hi>iial 
t(M*i()r ; and their mcMubranous walls hbjvsjandcomiiiuiacalinj'apci - 
I 1 11 i 11*1 tuivs; iiikI tli(* iiit<*r\riuuir 

hiU.- l:ivg<. loun.lo.l iiiH.iUne^l.A whicli of 

th(dr cavities freely com nmnicati* with small clonj^aUMl ihlomiihytlouH 
one another, as is sometinu‘s curiously coIIb. 
evidt*nce<l by the ,pass«g(^ of wheel- 

animalcules that make their habitation in these ehambm s. Between 
these coai-sely sj>iral cidls ai-e some thick-walled narrow olongated 
t*ells conbiining chlorophyll ; Ihesi* whiidi give to tlu‘ leaf its tirm- 
ness, do not, in the \erv young leaf, diti’er much in a]>pearance from 
the others, the peculiarities of both being iwolved by a giadual jiro- 
cess of difierentiation. The antherids, or male organs, of Sphmjddced- 
resemble those of liverworts, I'ather than thosi* of mosses, in tludr 
form and arrangement; they are groujied in ‘catkins’ at the tips 
of lateral branches, each of the imbrit!ate<l perigonal leavi‘s enclosing 
a single glolK)s<* aiitherid on a slender fcMitsbdk, and they are sur- 
rounded by \ery long branche*! pai-aphy.ses of cobweb-like ttuiuity. 
The female orgiins, or archegoues, which do not differ in structure 
from those of mo.ssi^s, are gix>iip<*d together in a sheath of deep gi'een 
leaves at the end of one of the short lateral branchlets at the side of 
the rosette or terminal crowui of leaves. The tw'o sets of organs 
are always distributed (Jii diffei*ent branches, and in some instances 
on different plants. The ‘ sjiomnge ’ which is foi ined as the priiduct 
of the impregnation of the germ-cell is very uniform in all the 
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Hpecien, being almost spherical, with a slightly convex lid, withonfc 
beak or point, and showing no trace of a peristome ; and the spores 
it contains ai e produced in gioups of four (as in mosses) around a 
hemisphericiil ‘columel.’ Besides the ordinaiy spores, however, 
the SphaipuicPAe sometimes develop a smaller kind, the ‘ microspores,’ 
formed by a further division of the mother-cells ; the significance of 
these is unknown.^ The ordinary spoi*es, when germinating, do not 
{)roduce the branched confervoid filament of true mosses, but if 
growing on wet peat evolve themselves into a lobed foliaceous ‘ pi*o- 
thallium,’ resembling the frond of liverworts; whilst if they 
develop in watei* a single long filament is formed, of which the 
lower end gives off rhizoids, while the upper enlarges into a bud, 
from which the young plant is evolved. In either case the pro- 
thallium and its temporary roots wither away as soon as the young 
plant begins to branch. From their extracu-dinary power of imbibing 
and holding water, tlu^ Sphaynacejv are of great importfince in the 
economy of Nature, clothing with vegetation many areas which 
would otherwise be sterile, and serving as reservoirs for storing up 
moisture for the use of higher forms of vegetation. 

Filices. — In the general structure of we find a much nearer 
jipproximation to flowering plants ; but this does not extend to 
their reproductive apiKiratus, which is formed upon a type essentially 
the siime as that of mosses, though evolved at a very different period 
of life. As the tissm^s of which their fabrics are composed ar(^ 

essentially the same as those to be de- 
scribed in the next chapter, it will not 
be re(piisite here to dwell upon them. 
The stem (whei*e it exists) is for the 
most part made up of cellular par- 
enchyme, wliicli is separated into a 
cortical and a medullaiy poi'tion by the 
interposition of a cii'cular series of 
fibro-vasculai- bundles containing true 
WT)o<ly tissue and ducts. These bundles 
form a kind of irregular network, from 
which prolongations are given oft* that 
pass into the lefif-stalks, and thence 
into the midi ib and its lateral bi*?inclies ; 
and it is their peculiai* ariangement in 
the leaf-stiilk of the common brake whic*h 
gives to the transverse section the mark- 
ing commonly known as ‘ King Charles 
in the oak.’ A thin section, especially if somewhat oblique (fig. 515), 
displays exti’emely well the peculiar character of the ducts of the 
feiTi, which are teianed scalariform from the resemblance of the 
regular maikings on their walls to the i*ungs of a ladder. Tliese 
bundles of scalariform ducts or ‘ tracheids ’ ai*e usually surrounded by 
sheaths of sclerenchy7}w, tissue composed of cells the walls of which 



Fio. 516. — Oblique Hection of foot- 
stalk of fern leaf, showing 
bundle of scalariform ducts. 


^ These so-called ‘ microspores ’ are now believed to be spores of a parasitic 
fungus. — E d. 
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umII of* tlu‘ spor.i is composed of finttoiMMl .ijuilictl to (‘acl) 

otJioi* ))N' tlicir rdiirs ; Imt is ^t'nor.illv miio i-o\\ o{’ t 1 u‘s(‘ tliickiM- 

tliim 1 ho post which tVoni 1 lu* jtoilicol, .nid is 

coni iiHUM] o\ or t ho simniiit of* 1 ho sj)or:ini:o. x > ;i>. to i'onn a {n-oj('ct iiii; 

vvhicdi is known a.^ the antmlns (lii^-. olli). ddiis ring has an 
elasticity siiporirn- to tliat of‘ all t ho cost of the wall oi* tins capsnh', 
causing it to split across when inatiiro, so that the contained s|»o]‘os 
may escape; and in nianx' instances the two halves ot’tln* spoi-ango ai‘(‘ 
carri(‘d widolv apart troin (‘ach otln*!', the lissni'o oxtonding to such a 
depth as to separate them c<)m ph't el V. Jn ( (t ho so-callcal 
‘ flow (M ing torn ' or ‘ loyal lorn ’) and Ophtoylossx m (adder’s toiigin^) 
tin* sporangos have no annulus, or one greatly modified, it will 
freijiienth’ happ(Mi tliat s|)ecimens of* f(M*n-t’iMietilication gathered for 
the mi(M'osoo|)«‘ will ho found to have all the sporangi's hurst and 
th(‘ spores disp(Msod, whilst in oth(M‘s loss ad\ano(Ml the sporangos 
may all ho closed ; otluM'S, howt‘V(M\ may ol't(Mi !>(> met with in which 
sonn* of th(‘ spoi-anges ace cIosimI and othm's are open ; and if these 
he watched with suOiciiMd. att(Mition tln‘ rupture of some of the 



Fig. 518.- -Sorus and induHium of 

Asi)i(( i mu . 


Fig, 511). - Sorns and cup-shapod 
iiidusinm of Drjui ria jyf'oli/era. 


sporanges and tin* dispei-sion of the spor(‘s may he ohserved to take 
place vvhih'tln* sj)t‘cimon is und(‘r ohs»‘rvation in the field of the 
mi(M*oscop(‘. In sori w hosi* sporanges hav e* all hurst, the annuli 
coniu'cting theii' two halv(*sar<* the most ciaispicuous objects, look- 
ing, when a strong light is thrown upon them, like strongly l)anded 
worms of a hright hrowu hm*. ddns is pa r1 icularlv^ the case in 
Si'nlopu Hi! !' I mu . w hos(' elongat(*d son are r(Miiarkahiv h(‘autiful 
ohjt'ots foi' th(* microsoopo in all their stages; until ipiite mature, 
how <*V (‘i-, t hey need t o h(‘ brought into v i<*w hy tuiaiiiig hack the 
two indusial folds that c(»ver them, ddie commonest ferns, ind(*(‘d, 
W'hich are found in almost every hedgt*, lurtn’sh ohj(‘('ts of no l(‘ss 
beauty than thos(‘ yi('idt‘d ])y tlu* rarest exotics; and it is in evei*y 
resp(*ct a most valuahh* training to tlu* young to t(‘ach them how" 
much may lx* found to interest, when looked for with int(*lligent 
evM's, ev t*n in tin* most tamiliar, Jind therelore disregai'ded, sjiecimens 
of Nature' s h:i ndi v\ork. 

dda* - spores' (fig. 5*20, A) set free by the hui-sting of the spo- 
rang(‘s, usually ha vi* a somewliat angular foi-m. and ai-e inv <*s(('d by a, 
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y( 41 (mislj 01 ludwiiish <»uTri mat, tin* uhicli is innikiMl 

\fiv 111 tli(‘ ni.iimar ('t‘ polltaiairaius (^li- alia) with points, 

sti'i'aks. iidm*''. 01 rv‘t uailat Kai-" W lu'u jil.ard upon a damp 
sin tart*, and (‘\p()'^(‘<l a stidirirnta of and waiintli. tin* 

spni(‘ h(*iiins to i;(‘i minato. tin* lit st indu-atnin of its M*iict at i\ r 
artivifs l>t*in^ a sh^lit inlaim'Uirnt . which is manifcsti-d m the 
1‘oiiiiflini; otl' ol it-- aimlrs 'Idii-- i^ to]lowt*d h\ tht* puttiiiL; foi 1 h 
of a tnimlar pi ohm ijaf 1 on ( lii; aJU. I >. r/) of‘ tin* i n 1 t*i iia 1 (*(*ll wall 01 
#oa/o,sY>r;/'#Mhrouiih .in apoitnro in tin* <mtrr spore co.n . and nioi- 
tint* hciiiL! .ih-'Oil»od thi’oniih tin--, 1 1 n* (‘t‘ll h(‘(*(>nn*s so di-,|(‘nd(*d a-- 
to hiu>t thr t'\lfin:il miNirldinit intt*i;um<*nt , and soon hi-oins to 
elongate its(‘lf in .1 dll o< t ion opposito to t h. it oftlmliist i hi/oid .\ 
pi-odiietion of nt‘U rrlfs h\ siihdix ision t h(*n takt's jdaci* fioni its oiow 



i'i(i ■<*Jl» t ‘‘lojiiiiciit of proilmlliuin of A,spoi»‘ sot frf*(« loan 

1 lit- spoi , ft, sport- beginmiij^ to j^ermiimte, putting fortli iln Inlailar pni- 
Itnigjition tlio j»i iiicipal cell b; C, first-formerl linear Horn ol t t II , D, pro- 

1 liM llniin t.diaig the ftti m of a I<‘af'likc c\p.iiisiiin , 0, first, himI h « t (.ml i!ii/t)ul; 
t , f/, the t w o lol M--, ,11 ifl t’, I lit- iimIi-mI .a ' ' ' ■ I I lit-m / . / III I I ( .( ' 11 ( 1 1 1 1 1 1 1 1)1 

the protlmlliiim . 7, < > tt-ot.il . ..at ol t i a, A inlln inl 

ing o\f I ( ■lint \ , 1 ill-' .it 111 si pi t.crcds in .1 sinirh* sol 10-. so as to |oi m 
a kind of lonfi'isoid likmiont (< h , hut ihr tthdixi-ion soon t.ikrs 
placi* 1 1 .iiis\ 01 sol-v as wall .is lon;j!it iidin.dl \ o* tliat .. Il.ilit iiod h-.if 
like a\ j'.iiision ( I )) jv, pi ikIik t*tl. s<i <-joso|\ 1 < sonddiim t h.it of .1 s onnii 
l/r/ !'( h't nt i>i .1- t'* ho rt*adi]\ iinstakon foi it 'fins oxp.msion, wlmh 

Is triniad t ha /n of hfiH m tn , \arias m its aiudii;!! I .’it loii III thifaiaid 

spocios. hut It " a-soiit lal st 1 lu t 111 <* alwa\ s 1 amain - t ha s.oik* fd om 
it s nml(*r sin f.M a ,0 a da\ alopath not liiaj al\' 1 ha 1 hl/f ads (a //) whi<h 
sal \(' .It tha s.ima tuna tti li\ it in tha stal ami to siipph if with 
nioistina, hut .dso tlu* littifuiuK and n ri'h* <f<in< s which ( oust Matt 
t ha 1 1 Ua 1 (‘pi asoii t , 1 1 1 \ as t ){ 1 h(“ • -sst n 1 1,1 1 p.n t s of 1 } m ilow ai of h mhai 
plants Soil!,' of t lia formal m.i\ Im dist in^mi-'liad .it in a, oh pai jotl 
<»t tin* d<*\alnpmant ot tha piolh.ilhum (A, //) . and .it tha tnm* o| p- 
aompl(*t (* m ohit ion 1 la-sa hodias ari* .saeii in considai ahh* numhars^ 
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especially in the neighbourhood of the rhizoids. Each has its origin 
in a peculiar protrusion that takes place from one of the cells of the 
prothallium (fig. 521, A, a); this is at first entirely filled with 
chlorophyll-granules, but soon cell-division sets up in it. A central 
cell h becomes distinguished from all the rest by its much larger size 
^ -R n and is surrounded by one 

or two layers of much 
smaller cells known as 
the tapetal or mantle- 
cells. These bike no 
pirt in the formation of 
the antherozoids ; but 
the protoplasmic con- 
tents of the large central 
cell <livide by free-cell- 

Fio. 621. — Development of the aiithendH and anthe- formation into a large 
rozoids of Ftens serrulata: A, projection of one number of cells known as 
of the cells of the prothiilh urn, showing the anthe- antherozold-'iiiother- 

ridial cell with its sperm-cells within the cavity j? / \ % c j-i 

of the original cell a. B, antherid completely yC) ; eacJi 01 tliese 

developed ; a, wall of antheridial cell ; e, sperm- again breaks up into 
cells, each enclosing an antherozoid. C, anthero- ppHt. rmf of firvit 

zoid more highly magnified, showing its li?rge ex- . , 1 ^ -.i r n 

tremity a, its small extremity 6, and its cilia d, d. pi’ovided with cell-walls, 

tlie sperm-cells. Each 
^ of the sperm-cells (B, e) 

is seen, as it apj)roaches 
maturity, to contain a 
spirally coiled filament ; 
and when set free by 
the bursting of the 
antherid the sperm- 
cells themselves burst, 
and give exit to theii* 
antherozoids (C), which 
execute rapid move- 

■ni A I i / 7 A ments of rotation on 

Fia. 622. — Archegone of Fteris scrruiata ; A, as , . , , 

seen from above; n, a, cells surrounding the axes, partly de- 

base of the cavity ; by c, d, successive layers of pendent on the long 
cells, the highest enclosing a quadrangular orifice, with which thev 

B, side view, showing a , a , cavity containing the ^ n *11 
germ-cell, a; b, n, walls of the archegone, made lurnished. 
up of the four layers of cells, 6 , c, d, c, and having The archeyones ai*c 
an opening,/, on the summit ; c c^ a«therozo^ in number, and ' 

Within the cavity; g, large extremity; /i, vibratile x* 1 tx* 

cilia; i, small extremity in contact with the germ- lound Upon a dli- 
cell, and dilated. ferent part of the pi*o- 

thallium. Each of them 
originates in a single cell of its superficial layer, which undergoes 
subdivision by a horizontal partition. Of the two cells thus produced 
the upper gives origin, by successive subdivisions, to the ‘ neck ’ of 
the archegone, which, when fully developed (fig. 522), is composed 
of twelve or more cells, built up in layers of four cells each, one upon 
anothei*, so as to form a kind of chimney or shaft. Tlie lower of the 
two first-formed cells becomes the central cell of the archegone; 
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and this again undergoing horizontjil subdivision, tlie lower half be- 
comes the od&phere or ge^'^n-cell^ whilst the upper t'xtends itself into 
the neck. By the convei sion into mucilage of a central row, an open 
passage or canal is formed, through which the antherozoids make 
their way to the obsphere lying at its bottom (hg. 022, B, a). Tlie 
obspliere, when fertilised by the i)enetiution of the antherozoids, 
becomes the ‘ embryo-cell ’ of a new }>lant, the development of which 
speedily commences^ In the aberrant group of Ophioglossaceiv 
(adder’s-tongue ferns), the development of the prothallium hikes 
place undergi-ouiid, in the form of a small roundish tuber, composed 
of parenchymatous tissue containing no chloi’oj)hylh and producing 
aiitherids and archegones on its upper surface. 

The early develoi>ment of the embryo-cell taki‘s place according 
to the usual method of repeated subdivision, producing a homo- 
geneous globular mass of cells. Soon, liowever, rudiments of special 
organs begin to make their apjiearanci^ ; tlu' cunhiyo grows at the 
expense of the nutiarnent j)re[Kireil for it by the prothallium, and it 
bursts forth from the cavity of the archegonis which organ in the' 
meantime is becoming atroi>hit‘d. In the \ei*y la'ginning of its 
develoimient the tendency is seem in the I'clls of one extremity to 
grow upward so as to I'volve the stem and lea\(*s, and in those of tlu^ 
other extremity to grow' downward to form the i*oot ; and when 
these organs have been siidiciently d(‘velo[)ed to absorb and piepari' 
the nutriment which the young fern recphri's, the prothallium decays 
aw'ay. Thus, then, the ‘spore’ of the fern must h(‘ (*onsidered as a 
generative ‘gonid ’ or detached tlower-bud capahh* of <leveloping 
itself into a prothallium that may be likiuied to a leceptacle bearing 
the sexual ap})aratus. But this prothalhum s(']*M‘s the further pur- 
])Ose of ‘nursing’ the enduyos originat(*d by the gemu’ative act; 
w'hich embryos finally <h‘velop thcm.selves, not, as in mos^tss, into 
mere sporogones, but, as in Phanerogams, into entire plants, com- 

• The study of the de\elopment of the spores of ferns, and of tlie act f)f fertilisa- 
tion and of its products, may be con\enientlv prosecuted as follows: Tjet a frond of 
a fern whose fructification is mature bo laid uixin a piece of fine paper, with its 
spore-bearing surface downwards ; in the course of a <lay or two this paper will be 
found to be covered with a very line brownish dust, which cousists of the discharged 
spores. This must be carefully collected, and should be spread upon the surface of 
a smoothed fragment of porous sandstone, the stone being jilaced in a saucer, the 
bottom of wdiich is covered with water; and a glass tumbler being inverted over it, 
the requisite supply of moisture is ensured, and the sijores will germinate luxuriantly. 
Some of the prothallia soon advance beyond the rc'st *, and at the time when the 
aihanced ones have long ceased to produce anthewds, and bear abundance f)f 
archegones, those which have roniamed behind in their growth are beginning k) be 
(•o^ered with antherids. If the crop be now kept with little moisture for several 
weeks, and then suddenly watered, a large number of antherids and archegones 
simultaneously open ; and 111 a few hours afterwards the Hiirfoce of the larger pro- 
thallia will be found almost covered with moving antlierozokls. Siicli prothallia as 
exhibit freshly opened archegones are now to he held by one lobe between the forefinger 
and thumb of the left hand, so that the upper surface of the jirotliallium lies upon thci 
thumb ; and the thinnest possible sections are then to be made with a thin narrow 
bladed knife, iierpendicularly to its surface. Of these sections, which, after much 
practice, may be made no more than one- fifteenth of a line in tliickness, some will 
probably lay open the canals of the archegones; and within these, wlien examined 
with a power of ‘200 or J300 diameters, antherozoids may be occasionally dis- 
tinguished. The prothallinm of the common Oamunda reqalia will be found to 
afford peculiar facilities for observation of the de\elopment of the antherids, which 
are produced at its margin. 
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plete in everytliing }>ut the true generative orgaiiH, which evolve 
themselves fiom the <letached spores. Here we have, therefoi'e, an 
example of alternation of (jeneratio'tis differing in one importiint 
1 ‘espect from that in mosses. In fenis the ‘ sexual generation ’ or 
‘ odphyte ’ which results from the germination of the spore consists 
of the prothallium only with its archegones and antherids, the leafy 
idant which bears the sporanges constituting the ‘ sporophyte ^ or 
‘ non -sexual generation,’ the ])roduct of the fertilisation of the arche- 
gone by an antherozoid. In mosses, on the other hand, the leafy 
plant beh)ngs to the sexiuil generation. 

The singular disco vmy has recently been made by the researches 
of J)e Bary, Farlow, and others, that the ordinary alternation of 
generations in ferns may be inteiTupted by the suppression either of 
the sporophyte, the non-sexual or spore-bearing genei-ation, or of the 
oJiphyte or sexual genemtion wdiich bears the true reproductive 
organs. These [dienomena. are called respectively afospory and 
apoyainy. The former lias been observed especially in varieties of 
Atkyrimn FUix-fanni aa and PolysticJmm any ala, re, and is shown by 
the production of prothalloid structures liearing antherids and 
archegones on the fronds in the jdace of ordinary sori. The latter 
occuivs not unfrecpiently in Pteria aerrulata, the sporophytic genei’a- 
tion springing directly from the prothallium without the interven- 
tion of archegones and antherids. 

The little grou[) of Equisetacese (liorse-tails), which seem nearly 
allied to the ferns in the tv[)e of their generative appaiatus, though 
that of theii* ^'egetative portion is very different, affords certain 
objects of considerable interest to the microscopist. The wdiole of 
their striuduro is penetrated to such an extraordinary degree 
by silex, that even when its organic portion has been desti’oyed by 
prolonged maceration in dilute nitric acid, a consistent skeleton still 
remains. This mineral, in fact, constitutes in some sjiecies not less 
than 13 [)or cent, of the whole solid matter, and 50 per cent, of the 
inorganic ash ; and it especially abounds in the ejiiderm, which is 
used by cabinet-makers for smoothing the surface of wood. Some of 
the siliceous particles are <listributed in tw'o lines, parallel to the 
axis; others, however, are grouped into oval forms, connected with 
each other, like the jewels of a necklace, by a chain of })articles 
forming a sort of curvilinear cpiadrangle; and these (which are, in 
fact, the particles occupying thc^ guai’d-cells of the stomates) are 
aiTaiiged in pairs. Their form ami arrangement are peculiarly well 
seen under polarised light, for which the prepared epiderm is an 
extremely beautiful object; and it is a.sserted by Sir 1). Brewster 
(whose authority upon this point has been generally hallowed) that 
each siliceous particle has a regular axis of double refraction. What 
is usually designated as the fructification of the Equisebicete foiins a 
cone or spike at the extremity of certain of the stem-like branches 
(the real stem being a hoilzontfd rhizome) and consists of a cluster 
of shield-like discs, each of which carries a circle of sporanges or 
spore-capsules, that open by longitudinal slits to set free the spores. 
In addition to the s})oi-es each sporange contains a number of elastic 
filaments (fig, 523), called elaters. These are at first coiled up around 
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the spore, in the iminiier represented at A, though inoie closely 
applied to the surface ; but, on the liberation of the spore, they ex- 
tend themselves in the manner shown at B, the slightest application 
of moisture, however, serving to make them close togetlier (the 
assistance which they afford in the disj)ersion of the spores being no 
longer required) when the sjx)res have alighted on a damp surface, 
if a number of tiiese spores bespread out on a slip of ghiss under the 
held of view, and, whilst the observer watches them, a bystander 
breathes gently upon the glass, all the filaments will be instanta- 
neously put in motion, thus presenting an extremely curious spec- 
f at;le, and will almost as suddenly return to their [)revious condition 
wlien the effect of the moisture lias passed off. If one of the sporanges 
wliich has o])ened, but has not discharged its spores, be mounted 
in a cell with a movable cover, this curious action may be exhibited 
over and over again. These sjxires, like those of ferns, develop into a. 
])rotha]liuin ; and this bears antherids and arcbegones, the former at 
the extremities of the lobes, and the latter in the angles between them. 

Nearly allied to Ferns, also, is a curious little gi'oup of small 
aipiatic })lants, the IthizocarpeSB (or Peppei-- worts), which either 
float on the siu-face or creep along shallow bottoms. These differ 



Fre r)23. — Spores of Equisriuut, witli their claters. 

from Ferns and Horse-tails in having two kinds of s[)ore, produced 
in sepai-ate sporanges ; the larger, or ‘ megaspores,’ giving oiigin to 
prothallia whicJi prodiuu^ arcbegones only ; and tlie smaller, or 
‘ micTospores,’ undergoing progrc*ssive sidxlivision, usually without 
the formation of a distinct prothallium, each of the cells thus formed 
giving origin to an antherozoid. In this, as we shall presently see, 
there is a distinct foreshadowing of the mode in which the genera- 
tive process is jierfornied in flowering jflants, the ‘ microspore’ cor- 
responding to the pollen-grain, while the ‘ megaspore ’ may be cf)n- 
sidered to represent the pi imitive cell of the ovule. 

Another alliance of Ferns is to the Lycopodiacese (Club-mosses), 
a group which at the present time attains a great development in 
warm climates, and which, it would seem, constituted a large part 
of the arborescent vegetation of the Cai'boniferous epoch. In the 
L}/copodmr proper the sporanges are all of one kind, and all the 
spores are of th(» same size, etich, as in Ophioglosmint, giving origin 
to a subterraneous prothallium that develops both antherids and 
arcbegones. 'Idle plant which originates from the fertilised * germ- 
cell ’ of the archegone attiiins in colder climates only a moss-like 
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growth, with a creeping stem usually branching clichotomously, and 
imbricated leaves ; but is distinguished from the ti ue mosses, not 
only by its higher geiiei'al organisation (which is on a, level with that 
of ferns), but by the chaincter of its fructification, which is a club- 
shiiped ‘ spike,’ bearing small imbricated leaves, in the axils of which 
lie the sjK)i*anges. The spores developed within these are remarkable 
for the laige quantity of oily matter they contain, giving them an 
inflammjibility that aiuses their being usetl in theatres to produce 
‘ artificial lightning.’ But in the allied groups of Selaginellew and 
Isoetfice ther e are (as in the lihizocarpew^ two kinds of spore pro- 
duced in separate spoi*anges ; one set producing ‘ megaspoi es,’ from 
wdiich archegone- bearing prothfdlia are developed, and the otlier 
producing ^ microspores,’ which, by repeated subdivision, give oi*igin 
to antherozoids without the formation of prothallia. It is a very 
interesting indic^ation of a tendency towai’ds the phaneroganxic typt' 
of sexual generation, that the prothallium in this groiqx is chiefly 
developed within the sporange, foi-ming a kind of ‘ endosperm,’ only 
the small pait which projects from the ruptured apex of the spoi*(* 
producing one or moi*e archegones. The arborescent Lepidodemlra 
and Slyillarm of the Coal-measures seem to have formed connecting 
links between the Vascular Cryptogams and the Phanerogams^ alike 
in the structui’c of their stems arnl in their fructification. For the 
Lepidostrohi or cone-like ^ fruit ’ of these treses represent tlie club- 
slmped spikes of the JjycopodiaceAV ; and seem to have borne ‘ Jiiega- 
sporos ’ in the sporanges of tludi* basal portion, and ‘ microspores ’ 
in those of their upper t)ai*t. Some of the best seams of coal a[)pear 
to have been chiefly formed by the accumulation of tliese *mega- 
spores.’ 


Thus, in oui* ascent from the lower to the liighei* Cryptogaiiis, we 
have seen a gradual change in the general plan of structure, biing- 
ing their superior types into a close appi*oximation to the flowering 
plant, which is undoubtedly the highest form of vegetation. But 
we have everywhere encountered a mode of generation whi(;h, 
whilst essentially the same throughout the aeries, is no less essen- 
tially distinct from that of the Phanerogam, the fertilising material 
of the ‘ sperm-cells ’ being embodied, as it were, in self-moving fila- 
ments, the antherozoids, which find their way to the ‘ germ -cells ’ by 
their own independent movements, and the ‘ embryo-cell ’ being 
destitute of that store of prepared nutriment w hich surrounds it in 
the true seed, and supplies the material for its earl}^ development. 
In the lower Cryptogams we have seen that the fertilised obspoi*e 
is thrown at once upon the world, so to speak, to get its own living ; 
but in ferns and their allies the * embiyo-cell ’ is nui’tured for a 
while by the protlnillium of the parent plant. While the true 
reproduction of the species is efiected by the proper generative act, 
the mxdtiplication of the individual is accomplished by the production 
and dispersion of ^ gonidial ’ spores ; and this production, as we have 
seen, takes place at very diflferent periods of existence in the several 
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gi'oups, dividing the life of each into two separate epochs, in which 
it present-s itself under two very <listinct phases that contrast 
remarkably with each other. Thus, the frond of Marchmttia^ 
evolved from the spore and beai*ing the antherids and jvrchegones, 
is that whicli seems natur^dly to constitute the plant ; but that which 
represents this phase in the ferns is the minute MardiantiaA^e 
prothallium. In feins, on the other hand, the product into which 
the fertilised ‘ embryo-cell ’ evolves itself is that wliich is commonly 
legarded as the plant ; and this is represented in the liverwoi'ts and 
mosses by the sporogone alone.' We shall encountei’ a similar 
diversity (which has received the inappropriate designation of ‘ alter- 
nation of generations ’ ) in some of the lower forms of the animal 
kingdom. 

‘ For more detailed information on the structure and classification of the Crypto- 
j^ams generally the reader is referred to Goebehs Outlines of Class if ration and 
Special Morphology and De Bary’s Comparative Anatomy of the Phanerogams 
a nr? J^V^r/zs, translations of both of which ha^e been published by the Clarendon 
Press; and especially to Bennett and Murray’s Handbook of Cryptogamic Botany, 
published by Longmans (London, 1889). 
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CHAPTER XJ 

OF THE MiaiWSCOPIC STIiUCTUltE OF PHANEROGAMIC PLANTS 

Between the two grejit divisions of the Vegetable Kingdom which 
ai’e known as Cry 2 ^togainia and PluiveTogamia the separation is by 
no means so abrupt as it foi mei*ly seemed to be. For, as has been 
already shown, thougli the Ciyptogamia were formerly regarded as 
altogether non-sexual, a true geneiativ^e process, requiring the 
concurrence of male and female elements, is ti aceable almost through- 
out the series. And in the liigher types of tliat series we have seen 
a foreshadowing of those provisions for tlie nurture of the fertilised 
embryo which constitute the distinctive cluirjicters of the Phanero- 
gamia. On the other hand, although we are ac;customed to speak of 
Phmierogmma as ‘ tiowering plants,’ yet not only are the conspicuous 
parts of the flower often wanting, but in the important gimip of 
Gymnoaperms (including the Conifent^ and CycmUai) the essential 
parts of the generative apparatus are reduced to a condition closely 
approximating to tliat of the higher Cry}»togains. There aie, how- 
ever, certfiin fundamental differences between the modes in which 
the act of fertilisation is performed in the two groups. For (1) 
whilst in all the higher Cryptogams it is in the condition of free- 
moving ‘ aiitherozoids ’ that the contents of the sperm-cell find their 
way to the germ-cell, these are conveyed to it, throughout the 
phanerogamic series, by an extension of the lining membrane of the 
sperm-cell or pollen-grain into a tube, which penetrates to the germ- 
cell, contained in the interior of the body called the ovule} Again 
(2), while the ‘ germ-cell ’ or odsphere in the highei* Cryptogams is 
contained in a structure that originated in a spore detached from the 
])arent plant, it is not only formed and fertilised in all Phanerogams 
whilst still borne on the parent fabidc, but continues for some time 
to draw from it the nutriment it requires for its development into the 
emhryo. And at the time of its detachment from the parent the 

1 A very remarkable and interesting discovei'y, for which we are largely indebted 
to the brilliant observations of two Japanese botanists, Professors Ikeno and Hirase, 
has recently thrown great light on the approximation referred to by Dr. Carpenter 
between the higher Oryptogamia and the lower Plianerogamia. It is now known 
that in both the larger groups of Gymnosperms, the Coniferoe and the Cycadeee, there 
are species in which the fertilising body is a motile antherozoid formed within a 
pollen-tube, thus combining the distinctive modes of fertilisation characteristic of 
the two great sections of the vegetable kingdom. As Dr, Carpenter does not include in 
his account of the * Microscopic Structure of Phanerogamic Plants ’ a full description 
of the mode of impregnation in flowering plants, the reader is referred, for further 
details, to the most recent Text-books of Botany, or to the Summary of Current Re- 
searches in Botany in the Journal of the R, Microscopical Society . — Editor.] 
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matured * seed ’ contains, not merely an embiyci already advanced 
a considerable stage, but a store of nutriment to serve for its further 
development during germination. As there is nothing pandlel to 
this among Cryptogams, it may be said that repi'oduotion by se^edsy 
not the possession of flowers, is the distinctive cliaracter of Phaneiv)- 
gams. The oindes, which when fertilised and matured l)e(^onu‘ seeds, 
are developed from specially modified leaves, which remain open in 
( iymnospernis, but which in all other Phanerogams fold togethei* so 
as to enclose the ovules within an oravi/. Each ovule consists of a 
nncelhts surrounded by integuments which remain unclosed at tht^ 
apex, leaving open a short canal termed the micropgle or ‘ foramen.’ 
One cell of the nucellus undergoes great enlargement, and becomes 
the emhryo-saCy wliose cavity is filled, in the first instance, with a 
mucilaginous fluid containing protoplasm. At the end of the 
embryo-sac which lies nearest the inici*opyle a germ-cell oi* oosphere 
is developed ; in Angiosperms by free-cell-formation, Imt in 
(lymnosperms indirectly after the formation of a ‘ corpuscle,’ which 
represents the archegone of Helaghmlla, By a further process of 
fi*ee-c«‘ll-f()rmati(^n the lemainder of the embryo-sac comes to be 
filled with cells constituting what is termed the endosperm ; and 
this serves, like the prothallium of ferns, to imbilx' and jwepare 
nutriment which is afterwards ap[>ropi*iated l)y the (‘inbryo. In 
many .seeds (as those of the Leg nmi nosn^ the whole nutritive material 
of the endospeimi has been absorbed into the cotgledous (or seed- 
leaves) of the embryo by the time tliat the seed is fully matured and 
independent of the parent ; but in other cases it remains ;ts a. ^ sepa- 
rate endosperm.’ Tn either ca.se it is taken into the substance of the 
embryo dining its germination. 

Elementary Tissues. — No marked change shows itself in gtmeral 
oiganisation as we ptuss from the cryptogamic to tlie ])lianerogamic 
.series of plants. A large propoi*tion of the fabric of even the 
most elaborately foianed tree (including the })ai‘ts most actively con- 
cerned in living action) is made up of components of the very same 
kind as those which constitute the entire organisms of the sim[»lest 
cryptogams. For, although the stems, branches, and roots of trees 
and shrubs are piincipally (^om{)osed of looodg tissue, siujh as we do 
not meet with in any but the highe.st Cryptogams, yet the special 
office of this is to afford mechanical .support ; when it is once formed, 
it takes no farther .share in tlie vital economy than to servo foi’ tlu? 
conveyance of fluid from the roots u])ward.s thi'ough the stem and 
branches to the leaves ; and even in these organs (in Exogens or 
Dicotyledons), not only the pith ami tlie cortex, witli the ‘ medullary 
rays,’ which serve to connect them, hut the ‘ cambium layer ’ inter- 
vening between the bark and the wood in vvhicli the })eriodical 
formation of the new layei-s }>oth of bark and wo(mI takes place, are 
comjKised of cellular substance. This ti.ssue is found, in fact, 
wherever growth is taking place ; as, for examjfle, in the growing 
points of the root-fibres, in the leaf-buds and leaves, and in the 
flower-buds and sexual pai’ts of the flower ; it is only when these 
organs attain an advanced stage of development that icoody structure 
is found in them ; its function (as in the stem) being merely to give 
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support to their softer textuies ; and the small proportion of their 
substance which it forms is at once seen in those beautiful ‘ skeletons * 


which, by a little skill and 
flowers, ami certain fruits. 


perseverance, may be made of leaves, 
All the softei* and more pulpy tissue 
of these organs is com- 
{)osed of celU^ more or less 
compactly aggregated to- 
gether, and having forms 
that approximate more or 
less closely to the globu- 
lai* or ovoidal, which may 
be considered as their 
<)rigiiial type. 

As a general rule, the 
rounded shape is pre- 
served only when the cells 
are but loosely aggre- 
gated, as in the parenchy- 
matous (or pulpy) sub- 
stance of leaves, which 
often foi'jus a distinct 
layer known as the 
‘ spongy parenchyma ’ 
immediately beneath the 
epiderm of the upper sur- 
face (fig. 524) ; and it is then only that the distinctness of their 
walls becomes evident. When the tissue becomes more solid, the 
sides of the vesicles are pressed against each other, so as to flatten 



dilute nitric acid, showing the iirotoplasmic con- 
tents contracted in the interior of the cells; o, 
epidermal cells 6, guard-cells of the stoinate ; 
c, cells of parenchyme ; tlieir protoplasmic- 
contents. 



Fio. 625. — Sections of cellular imrenchyme of Aralia^ or rice- paper plant 
A, transversely to the axis of the stem ; B, in the direction of the axis, 

them and to bring them into close apposition, and then the cavities 
of adjacent cells are sepirated by a single partition wall. Fre- 
quently it happens that the pressure is exerted more in one direction 
than in another, so that the form presented by the outline of the cell 
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viirics according to tlie direction in which the section is made. This 
is well shown in the pith of the young shoots of elder, lilac, or other 
rapidly growing trees, the cells of which, when cut transversely, gene- 
rally exhibit circular outlines ; whilst, wlien the section is made verti- 
cally, their borders are straight, so as to make them appear like 
caibes or elongated prisms, as in fig. 524. A very good example of 
such a cellular parenchyme is to be found in the substance known as 
‘ rice paper,’ which is made by cutting the herbaceous stem of a 
Chinese plant termed AraVm ‘papyrifera vertically I'ound and round 
with a long sharp knife, so that its tissues may be (as it were) unrolled 
in a sheet. The shape of its cells when thus prepared is irregularly 
prismfitic, as shown in fig. 525, B ; but if the stem be cut transversely, 
their outlines are seen to be circular or nearly so (A). When, as 
often hap])ens, the cells Imve a very elongated foi in, this elongation 
is in the direction of their gi*owth, which is that, of course, wherein 
there is least resistance. Hence their greatest length is neaidy 
always in the direction of tlie axis ; but there is one I’emarkable 
exception, that, namely, which is afforded by the ‘ medullary rays ’ 
of exogenous stems, whose cells are greatly elongated in the horizontal 
direction (hg. 547, a), th^lr growth being from the centre of tlie stem 
towards its circumfere^nce. It is obvious that fluids will be inoi’e 


readily transmitted in the direction of greatest elongation, being that 
in which they will have to pass through the least number of parti- 
tions ; aii<l wliilst their ordinary course is in the direction of the lenyth 
of the roots, .steiiis, or branches, they w ill be (umhled by means of the 


medullary rays to find their way 
of the most curious varieties of 
form which vegetable cells pre- 
sent is the stellate, cell, reiire- 
sented in fig. 520, forming the 
s})ongy parenchymatous substanci* 
in the stems of many a(juatic 
plants, of the rush for example, 
which are fuiaiished with air- 
spaces. In othei* instances these 
air-spaces are huge c*avities which 
are altogether left void of tissue : 
such is the case in Xaphar Ivtea. 


the traasi^erse dii'cction. One 



Fig. 520. — Section of steHate 
parenchyme of rUHli. 


(the yellow' watei'-lily), the foot- 
stalks of whose leaves contain large air-cdiamhers, the walls of 
w hich are hnilt up of very regular cubical cells, whilst some curiously 
formed large stellate cells project into the cavity wliich tliey liound 
(fig. 527). The dimensions of the component vesicles of cellular tissue 
are extremely variable ; for although their diameter is very com- 
inoidy between inch, they occasioiuilly mea- 

sure as much as yp^^th of an inch across, wliilst in other instances 


they are not more than ^j^iyth. 

The cells of a growing tissue are always formed, as we have seen, 
by cell- division, that is, by the formation of (cellulose walls across 
cells previously in existence. The original cell-wall must therefore 
alw'ays be singh*. It is only in older thick-walled cells that a line of 
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(lemarcatioii bec'omes obvious in the form of an intermediate lamella , 
at one time called ‘ intercellular substance/ and supposed to be a 
distinct structure, but now shown to be the l esult merely of a differ- 
ence in density or molecular structure of the cell-walls during their 
thickening. This layer very fi-etpiently ultimately assumes a muci- 
laginous character. Where cells have a rounded outline, it is 
obvious that intfiTcellttlwt' spaces must exist between them ; and as 
the tissue develops, these sp^iees often increase greatly in size. They 
are called schizoyenom if formed simply by the parting of cells from 


one another ; hisigeitons if resulting from the disappearance or 
absorption of cells. Tiecent observations have shown that the wall 
of intercellular spaces is frequently clothed with a lining of proto- 
plasm. There are many forms of fully developed cellidar paren- 
(rhynie, in which, in conse<pience of the loose aggregation of their 
component cells, the>e may be readily isolated, as to be ja-epared 

for senarate examination without 



Fio. 527. -Cubical pareiichyme, with 
stellate cells, from petiole of Nuphtu 
lufea. 


the use of reagents which alter 
their condition ; this is the cfise 
with the ]ml]) of ripe fruits, 
such as the strawberry or currant 
(the snowlM:‘rry is a. particularly 
favourable subject for this kind 
of <5xa.itnnation), and with the 
parenchyme ofmanyiieshy leaves, 
such as those of the carnation 
{Jjlanthas rartjop/ti/Uas) or the 
London pi’ide (Saxifraya nni- 
hrosa). Such cells usually con- 
tain evident nuclei which are 
turned brownish-yellow by iodine, 
whilst their membrane is only 
turned pale yellow, and in this 
way the nucleus may be brought 
into view when, as often happens, 
it is not previously distinguish- 


able. If a drop of the iodised 
solution of chh)rideof zinc be subsequently added, the cell -membrane 


becomes of a beautiful blue colour, whilst the nucleus and the granu- 
lar protoplasm that surrounds it retain their brownish-yellow tint. 
The use of dilute nitric or sidphuric acid, of alcohol, of syrup, or of 
several other leagents, serves to bring into view the ‘ primordial ’ or 
parietal utricle^ its contents being made to coagulate and shrink, so 
that it detaches itself from the cellulose wall with which it is ordi- 


narily in contact, and shrivels up within its cavity, as shown in 
fig. 524. It would be a mistake, however, to regard this as a distinct 
membrane ; for it is nothing else than the peripheral layei* of proto- 
plasm, naturally somewhat moi-e dense than that which it includes, 
but passing into it by insensible gi-adations. 

It is probable that all cells, at some stiige oi* other of their 
growth, exhibit, in a greater or less degi*ee of intensity, that curious 
movement of cyclosia which has been already described as occurring 
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in the Charame (see p. 564), and which consists in the steady flow 
of one or of several curients of protoplasm ovei* the inner wall of 
the cell, this being rendered apparent by the movement of the 
particles which the current carries along witli it. The best exam- 
ples of it are found among submerged plants, in the cells of whicli it 
continues for a much longer period than it usually does elsewhere ; 
and among thevSe are two, ValUstieria spiralis and Aiuirharis alsi- 
vastrum (or Elodea canadensis)^ which are peculiarly fitted for the 
exhibition of this interesting phenomenon. Vallismria isanacpiatic 
plant that grows abundantly in the rivers of the south of Europe, 
])ut is not a native of this country ; it may, however, be readily 
grown in a tall ghiss jar having at the bottom a couple of inches of 
mould, which, after tl\e roots have been inserted into it, should be 
closely pressed down, tlie jar being then tilled with water, of wliich 
a portion should be occasionally changed.' Th(» jar shouhl be freely 
<‘xposed to light, and should be kept in as wai*m hut. ecpiahle a tem- 
perature as possible. The long grass-like leaves of this jdant are too 
thick to allow the transmission of sutlicient light through them for 
tlie pur]>ose of this oh.se rvat ion, and it is re(juisite to make a thin 
slice or shaving with a .sharp knife. If this he taken from the 
surface, so that the .section chiefly consists of th(* superficial layer of 
cells, these will he found to h<‘ small, and the particles of chlorojdiyll, 
tliough in great abundance, will rarely he se(U) in motion, ^.fhis 
layer .should thered’ore .sliced off (or p<‘rhaj)s still better, scrap('d 
away) so as to bring into view the «l(‘(‘[)er layer, which con.si.sts of 
larger cells, s )me of them greatly elongate<l, with particles of (*hloro 
phyll in smaller number, but carri<‘.d along in active rotation by the 
current of [)roto])lasm ; and it will oftiai Ih‘ notieetl that the direc 
tions of the rotation in contiguou.s cells are o[)j)osit(‘. If the move 
ment (as is generally the erse) h<‘ cliecked by tlu‘ .shock of the 
(»peration, it will be r(‘vived again by gentle warmth ; ami it may 
continue under favourable circumstances, in the se}>arated fragment, 
for a period of weeks, or even of months. Ilema^, wlam it is dt‘sired 
to exhibit the plumomenon, the preferable metliod is to |)rej)are the 
sections a little time before they are likely to h(» wantcMl, a, ml to 
carry them in a small vial of wabu* in the wai.stcoat ])ock(‘t, sf) that 
they may receive- the gtmtle and continuous warmth of f,he body, 
in .summer, wdien the plant is in its most vigorous state of growth, 
the section may be taken from any one of th(‘ l(‘aves; but in winter 
it is preferable to select tho.se which are a little yellow. An objec- 
tive of ^'-inch focus wall .seiwe for the ob.servation of this interesting 
phenomenon, and very little more can be seen with a ^-imdi ; but 
tlie jj\--inch con.structed by Me.ssrs. Powell and Lealand enables the 
borders of the protoplasmic current, which carries along the 
|)articles of chlorophyll, to be di.stinctly defined ; and this beautiful 

' Mr. Quekett found it the most convenient method of changing the water in the 
jars in which Cknra, Valh^ncria, t'kc., are growing, to place them occaHionally under 
a water-tap, and allow a very gentle stream to fall into them for Homo hours ; for by 
the prolonged overflow thus occasioned all the impure water, with the Conferva that 
IS apt to grow on the sides of the vessel, may be readily got rid of. 


Y Y 
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phenomenon may be most luxuriously watched under their patent 
binocular. 

Anacharia alahiaatrum is a water- weed which, havdng been acci- 
dentally introduced into this country many years ago, has since 
spread itself with such rapidity through oui* canals and rivers as in 
many instances seiiously to impede their navigation. It does not 
requii e to root itself in the bottom, but floats in any part of the water 
it inhabits ; and it is so tenacious of life that even small fragments 
are sufiicient for the origination of new j)lants. The leaves have no 
di>stinct epiderm, but are for the most part composed of tw o layers of 
cells, and these are elongated and colourless in the centre, forming a 
kind of midrib; towards the margins of the leaves, however, there is 
but a single layer. Hence no })reparati()n w hatever is required for the 
exhibition of this interesting phenomenoii, all that is necessary being 
to take a leaf from the stem (one of tlu‘ older yellow ish leaves being 
preferable), arid to place it, with a drop of water, either in the aqua- 
tic box or on a- slip of glass bem^ath a, thin glass cover. A higher 
magnifying pow'er is required, liowever, than that wliich suthces for 
the examination of the cyclosis in ('haraor in 1 the j|^-inch 

object-glass being hero preferable to the ^-inch, and the assist- 
ance of the achromatic condenser ludiig desirable. With this ampli- 
fication th(^ phenonuaion may be best studieil in th(‘ single layer of 
marginal cells, although, when a lower ])ower is used, it is most evi- 
dent in the elongated cells forming tlie central poibion of the leaf. 
The number of chlorophyll-granules in each cell varies from three or 
four to upwai-ds of fifty; they are somewhat iiregular in shape, some 
being nearly circular flattened discs, whilst others are oval ; and 
they are usually from diainetei*. 

When the rotation is active the greater number of these granules 
travel round the margin of the cells, a few, howa*ver, remaining fixed 
ill the centre ; their rate of nun emeu t, though only of an inch 
per minute, being sufiicient to carry them several times round the 
(;ell w’ithin that period. As in the case of Vallisneria, the motion 
may frequently be observed to take place in ojiposite directions 
in contiguous cells. The thickness of the layer of protoplasm in 
w^hich the gra-nules are carried round is estimated by Mr. Wenham 
at no more than inch. When high powers and 

careful illumination are employed, <lelicate ripples may be seen in the 
protoplasmic currents. * 

Cyclosis, however, is by no means restricted to subinei'ged plants ; 
for it has been witnessed by numerous observei*s in so great a vai iety 
of other species that it may fiiii-ly be presumed to be universal. It is 
es|>ecially observable in the hairs of the epidermal surface. Such 
hairs are furnished by various parts of plants ; and what is chiefly 
necessary is that the part from which the hair is gathered should be 
in a state of vigorous growth. The hairs should be detached by 
tearing off with a pair of fine pointed forceps the portion of the 
epiderm from which they spring, care being taken not to grasp the 
hair itself, whereby such an injury would be done to it as to check 
the movement within it. The apochrornatic hair should then be 
1 Quart. J0U7-V. of Microsc. Science, vol. iii. {1855^, p. 277. 
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placed with a drop of water under thin glass ; and it will geiieiully 
be found fidvantageous to use a ^-inch with the 12 or the 18 eye- 
j)iece objective with an achromatic condenser. The nature of 
tlie movement in the hairs of different species is far from being 
uniform. In some instances, the currents pass in single lines 
along the entire length of the cells, as in the hairs from the tilaments 
of Tradescantia or Virginian spidevwort (tig. 528, A); in 

others there are several such cur- 


rents which retain their distinct- 
ness, as in the jointed hairs of the 
calyx of the same plant (B); in 
others, again, the streams coalesce 
into a network, the reticulations 
of which cliange their position at 
^hoi*t intervals, as in the haii-s of 
(Hand util InUnni ; wliilst tliere 
are cases in wliich the current 
Hows in a. sluggish uniformly 
moving slieet or layer. Wliere 
several distinct currents exist in 
one cell, they are all found to 
have one common point of depar- 
ture and 1 ‘eturn, namely, the 
nucleus (B, «), from which it 
seems fairly to inferr(*d that 
this body is tl\e centres of the 
vital activity of the cell. In all 
cases in which the cyclosis is 
seen in the bail's of a plant, the 
cells of the epiderm also display 
it, provided that their walls are 
not so ojiacjue or so strongly 
marked as to prevent the move- 
ment from being distinguished. 
The ej)iderm may be most readily 
torn off from the stalk or the 



midrib of the leaf, and must Fio. 528.— -Rotation of fluid in hairs of 

then be examined as siieedilv as . A, portion of 

•11 . . , T A -x'l-x opiderm with hair attached; a, h, c. 

])Ossible, since it loses its vitality successive colls of the hair ; fZ, cells of 

when thus detached much sooner tlie epiderm ; e, 8 tomate. B,joint 8 ofa 
than do the hairs. Even when beaded hair show mg several currents; 

i . X c X • 1 nucleus. 

no obvious movement of {mrticles 
is to be seen, the existence of 

a cyclosis may be concluded from the peculiai- arrangement of the 
molecules of the protoplasm, which are remai*kable for their high 
1 efi’active power, and which, when arranged in a ‘ moving train,' 
apjieiir as blight lines across the c^ll ; and these lines, on being 
carefully watched, are seen to alter their relative positions. The 
leaf of the common Plantago (plantain) furnishes an excellent example 
of cyclosis, the movement being distinguishable at the same time 
both in the cells and in the hairs of the epiderm torn from its stalk 

Y y 2 
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that the original cell -wall there remains iinthickene<l. A more 
com}>lete consolidation of cellular tissiie is effected by deposits 
of sclerogen (a substance wiiich, when sej)a.rated from the resinous 
and othei’ matters that are commonly associated with it, is found 
to be allied in cliemical composition to cellulose) in successive 
layers, one within another (fig. 529, A), wdiich ja-esimt them- 
selves as concentric rings when tht‘ cells containing them ai-e cut 
through ; and these layers are sona‘times so thick and numerous 
as almost to obliterate the original cavity of tla^ c(dl. Such a tissue 
is known as sclerenchj/me 01 sch‘renchymatous tissue. Hv a con- 
tinuance of the same arrangement as that wdiich shows itself in the 
single layer of the dotted cell — each d(‘posit being deficient at cm'biin 
points, and these points corresjKmding wdth eacli other in the succes- 
sive layers — a series of passages is left, by wdiicli the cavity of the 
cell is (‘xtended at some points to its membranous wall; and it 
(‘ommouly liappens tliat the points at which the de]>osit is wanting 
on tile walls of tlie contiguous cells are coincichuit, so that tlu‘ 
nuunbraiious partition is the only obstacle to the communication 
betwcaai tlndr cavities (tigs. 529-5:11). It is of such tissu(‘ that 
the ‘stones’ of stone-fruit, tli(‘ gritty substaiUH* w Inch suri’oumls the 
seeds and forms littl(‘ hard points in th(‘ fleshy substance of th(‘ j)(*ar, 
the shidl of the cocoa-nut, ami the endosperm of tlie s(‘(m 1 of 
ple})haH (kmnvn as ‘vegetable ivoiy’) are made u]); and we s('e the 
use of this very cairioiis aT*rangeinent in permitting th(» cells, ev(‘n 
after they have attained a considerable degree of consol idaiion, 
still to remain jKuaneable to the tliuM required for the nutrition of* 
the parts which such tissue (‘iicloses and pi*otects. 

Till* deposit sometini(*s assumes, howiwer, th(‘ form of (hdinitc' 
iibres^ which lie coiled up on the inner 
surface of the cells, so as to form a single, 
a double, or even a triph* or quadru])le 
spire (fig. 5:i2) . Hucli spiral cells ai*e found 
abumlantly in tlie leaves of certain orchi- 
daceous plants, imnuMliately beneath the 
e])iderm, where they are brought into 
view' by vertical sections; and they may 
be obtained in an isolated state by mace 
rating the leiif and peeling off tlie epiderm 
so as to expose the layer beneath, which is 
tlien easily separated into its components. 

In an oichidaceous plant named Saccola- 
bium gattatiwi the spiral cells ai’e unusu 
ally long, and have spires winding in opposite directions, so that by 
their mutual intei*section a sei ies of diamond-shajied markings is pro- 
duced, Spiral cells aie often found upon the surface of the testa or 
outer coat of seeds ; and in Collomia gi'andijlora, Salvia verhenaca 
(wild clary), and some other plants, the membrane of these 
cells is so weak, and the ehrsticity of their fibi*es so great, that 
when the membrane is .softened by the action of water the fibres 
suddenly uncoil and elongate themselves (fig. 5:33), springing out, 
as it were, fiom the sui-face of the seed, to which they give a 



Fic.. 582. — Spiral cellH of leaf 
of OncuHifm. 
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peculiav llocculiMil This very curious ))lu‘iioiii(‘in)U in;iy 

be best ()l)serve(i iu l lu* lollovviii" iiiniiu(*r : - A very thiu trans- 


verse slice of the seed sliouhl 



Fig. 588. — Spiral fibres of seed-coat of 
( 'oHnm iti. 


i-st Ih‘ cut, nnd laid u)k)u the lower 
^^lass of t he a( juatic l)o.N : th(‘ci>\ (*r 
sliould tlH‘n be pj’essed down, 
and the box placed upon tlie 
stage, so th.af^ th(> inicroscopi' may 
be exactly focussed to theohj(‘ct, 
the power employed lieing the 
l-iiich, ^-inch, or Vinch. The 
cover of 1h(‘ a(piatic l)ox Ixdng 
then removed, a small di’op of 
water should Ix^ placed on that 
part of its internal surface with 
which the slice of tin* seixl had Ix'cii 
ill contact; ami the co\ei- htdng 
replaced, th(‘ object sliould bt‘ im- 
mediately looked at. It is im- 
portant that the slic(‘ of tin* s(‘ed 
sliouhl he Ncry thin, for two 
reasons: tirst. that the \ i<‘w of 
the spirals may vmt be confused 


by their aggi eycl ion in too great numlxa-s ; and si'cond. 1 hat, the 
drop of water should be lield in its [)lac(‘ )>y cajiillary atlraction, 
instead of laiuning down and leaving the objir-t. as it will do if the 


glasses b(‘ too widc'ly sin la rated. 


In soiiK' part or other of most ])lants W(‘ mei't with cells (‘ontain- 
ing gran Ilk ‘s oj* which specially abound in tlu‘ tubm’s of tlu’; 

potato and in the .seeds of cereals. Starch -grains an* oj iginally 
foriiK'd in the interior of chlorojdiylhcorpuscles, .and tiKM tdbi e within 
the protoj>lasm-lay(‘r of t h(‘ c«‘ll : but as they inercaast' iu size, tiie 


proto] ilasm l.ayer thins itsc'll’oui as a mere covering him. and at last 
almost entiia'ly disapjx'ai-s. So long as the starch-grains lami.ain 


imlx'ihhal in the protoplasm layer, tht*y <a)ntinm* to grow ; lint when 
tlie\- ac<aimulat<‘ so as to (xaaipv tlie cell-cavity, tlieir growth stops. 



Pig. 584.--Cell8 of peony filled Fig. 585.- Granules of starch as 

with starch. seen under polarised light. 


ddny art' soiirntimes minute and very numerous, and so clo.sely 
]>acke<] as to till the cell-cavity (fig. f);{4) ; in otlu'i- instances they 
are ol nnicii larger diim'n.sions, .so that only a, comjiarati vtdy smid 
number of them are included in any one cell ; while in other 
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cases, again, they are both few and ininnte, so that they foim but 
a small proportion of the cell-contents. Their nature is at once 
detected by the addition of a solution of iodine, which gives them a 
beautiful blue colour. Each granule when highly magnified exhibits 
a peculiar spot, termed the hilmn, round wliich are seen a set of 
circular lines that are for the most part concentric (or nearly so) 
with it. When viewed by i)olarised liglit each grain exliibits a dai-k 
cross, the point of intersection being at tlie hilum (lig. 5 : 15 ) ; and 
when a selenite plate is interposecl the cross becomes beautifully 
coloured. Opinions have been very niucli divi<letl regarding the 
internal structui*e of the starch-grain, but the <l()ctrine of Nageli 
that it is composed of successive layers whicli increase by ‘ intus- 
susception,’ that is, by the intercalation of fresh molecules of starch 
between those already in existence, is favoured by many authorities, 
though the alternative theor y of for-mation by thr* ‘ ap].X)sition ’ of 
successive layeivs also has many advocates. Thi'se layers (lifter in 
their proportion of water, the outermost layer, which is the most 
solid, having within it a watery layer, this, again, being succeeded 
b}" a firm layer, which is followed by a watery layer, and so on, tin* 
proportion of water increasing towards the centre^ in both kinds of 
layer*, and attaining its maximum in the innermost part of the 
grain, where the formation of new layers takes })lace, causing tlu' 
distension of the older* ones. Although the (limensions of the 
starch-grains produced by any one species of plant are by no mt*ans 
constant, yet there is a. cei-tain average for each, from whiclr nom* 
of them depar t very wid(dy ; and by rrderence to this avei'age the 
starch-grains of different plants that yield this product in abundance 
may be microscopically distinguished from one another*— a ci 1*01101- 
stance of considerable im})ortan(*e in commer*ce. Idle lai’gest starch - 
grcains in common use .are those of the plant (a species of Ctinnn) 
known as ‘ tous-les-mois.’ Tlui .‘iverage diameter* of thos(‘ of the 
potato is about the same as tlie diameter* of the smallest of th(‘ 

‘ tous-les-mois,’ and the size of the ordinai’v star*ch- grains of wheat 
and of sago is about the same 51s that of the smnllest grains of 
potato-starch ; whilst the granules of i*ice-star*ch an* so very minute 
as to be at once distinguishable from any of the preceding. 

In certain plants, especially those belonging to pai*ticular natural 
orders, the stem, leaves, and other parts are pei*meated by long 
branched tubes, constituting the laticiferoas tissue. The elements 
of this tissue may be eitliei* greatly enlai*ged jirosenchymatous cells 
or true vessels. In either case they contain a co])ious milky-white 
or coloured juice, the latex, which exudes freely when the p.ai*t con- 
taining it is wounded, and dries rapidly on exposure. Tln^ chemi< 3 al 
composition of the latex varies ; it may contain in solution j)Owei*ful 
alkaloids, as in the case of the opium-poppy, or gum-resins. Caou- 
tchouc and gutta-{)ercha are the dried Latex of tropical trees and 
shrubs belonging to several natural orders. (Jood examples of lati- 
ciferous tissue are furnished by the Papaveracea?, of which our 
common field-poppy is an example, many Comjxisitae such as the 
dandelion and lettuce, Convolviilacefe, Euphorbiaceae or spurges, 
Apocynacea 3 , Moracea^ including the mulbei ry &c. 
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lleposits of mineral matter in a crystalline condition, known as 
r aphides^ are not unfrequently found in vegetable cells, where they 
ai e at once brought into view by the use of polarised light. Their 
designation (derived from patfiU, a needle) is very appropriate to one 
of the most common states in which these bodies present themselves, 
that, namely, of bundles of needle-like crystals, lying side by side in 
the cavity of the cells ; such bundles are well seen in the cells lying 
immediately beneath the epiderm of the bulb of the medicinal 
S(piill. It does not apply, however, to otliei* fonns which are 
scarcely less abun<hint ; tluis, instead f>f bundles of minute ixeedles, 
single huge crystals, octahedral oi* prismatic, are frequently mot 
with, and the prismatic crystals are often aggregated in beautiful 
stellate gr()U})S. The most common material of these crystals is 
oxalate of lime, which is generally found in the stellate form ; and no 
plant yields thest* stellate ra[)hides so abumlantly as the common 
rhubarb, the best s))ecimens of the dry medicinal root containing as 
much as ,‘15 })er cent, of tluun. In the epi<lerm of the bulb of the 
onion the same material occurs in the octahodi*al or the prismatic 
form. In other instanc(‘s, the calcareous base is combined with 
tartaric, citric, or malic acid ; the acicular i-aphides consist almost 
invariably of oxalate of lime. Sonu' raphides are as long as ^*„th of 
an inch, while others measure no more than ^ occur in all 

])arts of plants — the wood, pith, bark, root, leaves, stipuh‘s, sepals, 
])etals, fruit, and even in the pollen. They are always situated in 
cells, and not in the intercellular pa.ssages ; the (tell-membrane, how- 
ever, is often so much thinned away as to be scarcely distinguish- 
able. Certain ])laiits of the (f(fctt(fi tribe, when aged, have their 
tissues so load(‘d with ra[)lud(.‘s as to become quite brittle, so that 
when some large specimens of C. setnlls, said io be a thousand years 
old, were sent to Kew (hardens from Houth America, some years 
since, it was found necessary for their preservation dui-ing transpoiT 
to ])ack them in cotton like jewellery. liaphides are ])robably to be 
considered as non-(\ssentia.l results of the vegetative processes, being 
for the most part produced by the union of organic acids generated 
ill the plant with mineral bases imbibed by it from the soil. The 
late Mr. E. Quekett succeeded in ai*tificially producing raphides 
within the cells of rice-jiaper, by first filling these with lime-water 
by means of the air-pump, and then placing the paper in weak 
solutions of ])hosphoric and oxalic acids. The artificial raphides of 
phosphate of lime were i-hombohedral ; while those of oxalate of 
lime were stellate, exactly resembling the natural raphides of the 
rhubarb. Besides the structures already mentioned as affording good 
illustrations of different kinds of raphides, may be mentioned the 
parenchyme of the leaf of A gave ^ Aloe, Cycas, Evcephalartos, &c. ; 
the epiderm of the bidb of the hyacinth, tulip, and garlic ; the bark of 
the apple, Gascarilla, Chichona, lime, locust, and many other trees ; the 
pith of Eloiagnus, and the testa of the seeds of Anagallls and the elm. 

A large propoi’tion of the denser parts of the fabric of the higher 
plants is made up of the substance which is known as woody fibre or 
proeenchymatous tissue. This, however, can only be regarded as a 
variety of cellular tissue ; for it is composed of peculiarly elongated 
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cells (fig. 551), usually pointed at their two extremities so as to 
become spindle-shaped, whose walls have a special tendency to 
undergo consolidation by the internal deposit of sclerogen. It is 
obvious that a tissue consivsting t»f elongated cells, adherent together 
by their entire length, and strengthened by internal deposit, must 
possess much greater temicity than any tissue in which the cells 
depart but little from the primitive spherical form ; and we accord- 
ingly find woody fibre present wherever it is requisite that the fabric 
should possess not merely <lensity, but the power of resistance to 
tension. In the higher classes of the vegetable kingdom it consti- 
tutes the chief part of the stem and branches, where these* have a 
firm and durable character ; and (*ven in more tein])orary structures, 
such as the herbaceous stems of annual plants, and the leave's and 
flowei s of almost every tribe, this tissue* forms a more eir less import - 
ant constitiU'iit, being espe'cially fouiul in the neigh be airhooel of the 
spiral vessels anel ducts, to which it aflbrels jireite'ctiem anel support. 
Hence tlie bundles of fa.sciculi compeiseel of these elements, which 
form the ‘ veins ’ of leav es, and w'hich give* ‘ stringiness ’ to varie)us 
escule'ut- vegetalde* substances, are cemnnonly kne)vvn uneler the* 
naiui* Jlhro-vaficidar tissue*, in their young ami unconsolielated 
state th(* woody cells seem to conduct fiuiels with gr(*at facility in 
the direction of tlieir le‘ngth ; and in the Conif(rn\ wdiose* stems and 
branches are elestitute* e)f ebicts, the*y aflbi'el the* seile channed tor the 


asct'iit e)f the sap. Tlie* />/oa//e.s*, wliie'li aie* the* ediie'f 

striujgtlieriing eh'ments of such organs as tlie* stem, brandies, l(‘af- 


stalks,fie)W’er-stalks, etc., are*. in the higher 
plants, structure's of considerable com- 
plexity ; in Exogens they consist of threa* 
distinct port ions, the .r///c?a-pe)i*tion com- 
posed ('hie'fiy of the eliften*nt kinels of 
ves.sels heu'oafter te) be* eh'Scribeeba yV/Zeca/- 
[lortion coinposeel of prosenchymatous 
tissue and ‘ sieve-tub(*s,’ and a foianative 
b t -] lortion , 

A pe'culiar set of markings se'en on 
the* we>ody fibres of the Covifera^ anel of 
some other tribes, is represented in fig. 
556 ; in each eif these s{>ots the inner 
circle ap])ears to mark a deficiency of 
the lining eleqiosit, as in the pitteel ce*Ils 
of other plants ; whilst the outer circle 
indicates the boundary of a lenti(!ulai‘ 
cavity which intervenes between the ad- 
jacent cells at this point. There are 
varieties in this airangement so charac- 
teristic of different tribes that it is 



Fig. 536. Hoction of coniforoiiH 
wood in tlio direction of the 
tracheYdft, showing their 
‘bordered pits;’ a, a, a, me- 
dullary rays crossing the 
fibres. 


sometimes possible to determine, by the 

microscojfic inspection of a minute fragment, even of a fossil wood, 
the tribe to which it belonged- Markings of this kind, veiy 
characteristic of the wood of Voniferce, though not peculiar to that 
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order, are known as bordered pits^ and the elongated cells in which 
they occur as trcvdveids. 

All the more perfect forms of Phanerogams contain, in some 
part of their fabric, the peculiar structures which are known as 
spiral vessels.^ These have the elongated shape of fibre-cells ; but 
the internal deposit, as in the spiral cells, takes the form of a spiral 
fibi’e winding from end to end, and retaining its elasticity ; this 
fibre may be single, double, or even quaxlruple, this last character pre- 
senting itself in the veiy large elongated fibre-cells of Xepenthes 
(pitcher- plant). Such vessels are especially found in the delicate 
membrane (medullary slieath) surrounding the j)ith of Exogens, 
and in the ‘ xylem-portion ^ of the woody bundles of Exogens and 
Endogens ; thence tliey proceed to the leaf stalks, through whicli 
they are distributed to the leaves. By careful dissection iimler the 
microscope these Jihro-vascular bundles may be sepaiated entire ; 
but their structure may be more easily displayed by cutting round, 
but not through, the leaf-stalk of the straw beiry, geranium, &c., and 
then (Irawing the parts asumler. The membrane composing the 
tubes of the vessels will thus be broken across ; but the fibres within, 
being elastic*, will be drawn out and unrolled. Spiral vessels are 
sometimes found to (*onvey fluid, whilst in other cases they (jontain 
air only. 

Alth(jugh fluid generally finds its way with tolerable facility 
through the various forms of cellular tissue, especially in the direction 
of the greatest length of the cells, a more direct means of connection 
between distant parts is required for its active transmission. This is 
afforded by tlie pecadiar kind of vessels known as ducts, which consist 
of cells laid end to end, tlie partitions between tl\em being more or 
less obliterated. The origin of these du(;ts is occasionally very evi- 
dent, both in the contraction of their diamotei* at regular intervals, 
and in the pei-sistence of remains of their partitions (fig. 5-51, 
b, b) ; but in most cji-ses it can only be ascertained by studying the 
history of their development, neither of these indications being tmce- 
able. Some of these ducts (fig. 5;J7, 2 ) ai*e indistinguishable from 
the spiral vessels already desci-ibed, save in the want of elasticity in 
their spirid fibre, which causes it to break when the attempt is made 
to draw it out. This i-upture would .seem to have taken place, in 
some instances, from the natural elongation of the cells by growth, 
the fibre being broken uj) into rings, which lie sometimes clos(^ 
together, but more commoidy at considerable intervals ; such a duct 
is said to be annular (fig. 5. ‘17, i). Intermediate forms between the 
spiral and annular ducts, which show the derivation of the latter 
from the foi*mer, m*e very frequently to be met with. The spirals aie 
sometimes bi oken up still more completely, and the fragments of the 
fibre extend in various directions, so as to meet and form an irregular 
network lining the duct, which is then said to be reticulated. The 
continuance of the deposit, howevei*, gi'adually contracts the meshes, 

' So long, however, as they retain their original cellular character, and do not 
coalesce with each other, these fusiform spiral cells cannot be regarded as having 
any more claim to the designation of vessels, than have the elongated cells of the 
woody tissue. 
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leaving the walls of the duct marked only hy pores like those of 
porous cells ; and such canals, designated as pitted ducts, aie 
especially met with in parts of most solid sti uctui’e and least rapid 
growth (fig, 537, 3). The scalariform ducts of ferns may be re- 
garded as a modification of the spiral ; but spiral ducts are fre- 
(|uently to be met with also in the rajadly growing leaf-stalks of 
flowering plants, such as the rhubarb. Not unfre(|uently, however, 
we find all forms of ducts in tlie same bundle, as seen in fig. 537. 
The size of these ducts is occasionally so great as to eiuible their 
openings to be distinguished by the unaided eye ; they are usually 
largest in stems whose size is small in proportion to the surface of 
leaves which they support, such as the common cane or the vim^; 
and, generally speaking, 
they are larger in woods 
of dense texture, such as 
oak and mahogany, tha\n 
in those of which the 
fibres, remaining uncon- 
solidated, can serve for the 
conveyance of flu id. They 
are entirely absent in the i 
(Joniferw, \ 

The vegetable tissues / 
whose principal forms ( 
have been now described, \ 
but among which an iin / 
mense variety of detail is \ 
found, may be either ] 
studied as they present / 
themselves in thin sec- 
tions of the various parts 
of the plant under exami- 
nation, or in the isolated 
conditions in which they 



ai*e obtained by dissection . 
The former process is the 
most easy, and yields a 
large amount of informa- 
tion ; but still it ciinnot 


Fkj. ruil. — Loii^itudiiiiil section of stem of Italian 
re<-(l ; cells of the pith; /y, fibro- vascular 
bundle, containing 1, annular ducts; 2, spiral 
ducts; 3, pitted ducts with woody fibre ; c, cells 
of the epidenn. 


be considered that the characters of any tissue have been properly 


determined until it has been dissecteil out.. Sections of some of the 


hardest vegetable substances, such as ‘vegetable ivory,’ the ‘ stones ’ 
of fruit, the ‘ shell ’ of the cocoa-nut, etc., can scarcely be obbiined 
except by slicing and grinding ; and these may ho mounted either in 
Canada balasm or in. glycerin jelly. In Ciises, however, in which the 
tissues are of only moderate firmness, the section may he most readily 
and effectually made with the ‘ microtome ; ’ and tliere are few pais 
of the vegetable fiibric which may not be advantageously examined 
by this means, any very soft 01* thin portions being placed in it 
between two pieces of cork, elder-pith, or carrot. Tn certain cases, 
however, in which even this compression would be injurious, the 
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sections must be made witli a sharj) knife, the substance being laid on 
the nail or on a slip of glass. In dissecting the vegetable tissues, 
scarcely any other instrument will be foiind really necessary than 
a pair of needh^s (in handles), one of them gi ound to a cutting edge. 
The adhesion between the component cells, fibres, &c., is often 
sufficiently weakened by a few hours’ maceration to allow of their 
readily coming apart, when they ai'e toi'ii asunder by the needle- 
points beneath the simjdi' lens of a dissecting microscope. But if 
this should not pi'ove to ])e the case, it is desirable to employ sf)ine 
other method for the sake of facilitating their isolation. None is so 
effectual as the boiling of a thin slice of the substance umler exami- 
nation eith(‘r in dilute nitric acid or in a mixture of nitric acid and 
clilorate of potassji. T’his last metliod (which w^as devihed by 
Schultz) is the most rapid and (‘ffectual, recpiiring only a few 
minut(‘s for its performance ; but as oxygen is liberated with such 
freedom as to give an almost (‘xplosivc* chii.racter to the mixture, it 
shoidd be j)ut in practic(‘ with extrem(‘ cjiution. After being thus 
ti*eated, the tissue should be boiled in alcohol, and then in water ; 
and it will thmi be found veiy easy toteara])art the individual cells, 
ducts, Ac. of which it may be composed. These may b(‘ pr(‘served 
by mounting in weak s[)irit. 

Stem and Boot. — It is in the stems ami roots that ^ve find the 
greatest variety of tissues in combination, aial the most regular 
plans of structure; and sections of these viewed under a low mag- 
nifying })ower aie obj(‘cts of peculiar beauty, i7ide})endently of the 
scientific information whi(‘h they afford, ’fhe axis (undei* which 
term are included the stem with its branches, and the root with its 
ramifications) always has for the basis of its structure a dense cellular 
parenchyme ; though in an advanced stage of develojmient this 
may constitute but a, small jiortion of it. In the midst of the 
parenchyme we generally find fibro-vasculai’ bundles, consisting of 
woody fibre, with ducts of vai-ious kinds, and (almost always) spiral 
vessels. It is in the mode of arrangement of these bundles that the 
fundamental difference exists betweMui the stems which are commonly 
designated as evdo(jenom (growing from within), and those which 
are more correctly termed exoyenoas (growing on the outside) ; for 
in the foi-mer the bundles are dispersed tliroughout the whole 
diameter of the axis without any peculiai- plan, the intervals between 
them being filled up by cellular parenchyme ; whilst in the latter 
they are anunged side by side in such a mannei* as to form a cylinder 
of wood^ which includes wdthin it the portion of the cellular substance 
known as 2 nth, whilst it is itself enclo.sed in an envelope of the same 
sub.stance that forms the hark. These two plans of axis-formation 
respectively chai-acteristic of those two great groups into which 
Phanerogams are subdivided — namely, the Monocotyledons and the 
Dicotyledons — will now' be more paiticularly descx’ibed. 

"V^en a ti-ansverse section (fig. 538) of a monocotyledonous stem 
is examined microscopically, it is found to exhibit a number of fibro- 
vasculai’ bundles, disposed without any regularity in the midst of 
the mass of cellular tissue, which forms (as it were) the matrix or 
basis of the fabric. Each bundle contains two, three, or more large 
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ducts, which ai-r at oiici' (list iiii^uislictl l»v tlu' >!/,(' oftlahr 0 } xa 1 i nijs ; 
and these are suri-ciuKhxl l>y woody fibre aiul splrai \('ss(‘ls. tln^ 
transverse diauictia- of whi(‘h is so extremely small that tii(> portion 
of the bundles which tlu/y foiau is at once (list iunaiishiMl in t i ans\ crsi' 



Fa;. noH. Transvarni' section of stem of yoim;^^ ])aliii. 


section by the (‘Ioscmk^ss (►!' its text mi* (lii;-. ohh). 'TIk' ]) nndh‘s aro 
l(*ast lunmn'ons in i1h‘ centre of the sl<‘m.and Ixa-onc' i^radiiall \ moic 


crowded t owards its circumference ; Imt it frecpiently ha ppc'iis t hat t he 
|)Ortion of tJa- ai iM in wln’ch t]i(‘\ arc' 


most com)>ac 11 \ ai raiii^'ed is not, ahso 
lutelyat its ('xt.i'rior, t his portion heino 
itself .siiri'onii(h'd by an in\ c'st im'Jil 
composed of eellnia]’ tissne* onl\' : and 
SOmetiiiiC's WC' find the central j)ortion 
jiLso compl(‘tely destitute' o 1 lihro-\as 
cular huudles ; so that a s(»rt of indiea 
tion of th(‘ distinction between ]>ith, 
wood, and hark is here ])i'cs(‘nt,ed. 
This distinetion, ho\\(‘V(*r, is very im 
jK'i'fect^ ; for wc* do not tind eithc'r tlc' 
eejiti-al o)‘ 1 h(' pei-i)>heral port ion, s e\ cj- 
separable, like pith and hark, from 
the* intx'rnn'diatc' woody layer. in its 
V'ounii' stale lh(' ceiiti-f' of the stem 
always Idled np w ith ec'lls ; hiil lln'.ve 



not unfrc'ipK'nt ly di.sap|K'ar afl<'r a i- i,,. .x:;a. p.n tu.ti of tiiDi .vci a- 


timf'. c'xcept at the /todr.s, h'a\ in_F 


t ioii of sh'ii) I if \V,i.ii;..'-|ii<‘ «-aii 


tlie stc'in hollow, as w(* ,se(' in th<* 

whole tribe of j^'rassc's. Wlu'n a \’ertie,il section is made ol a woofly 


.stc'in (as tiiat of a palm) ol’ siiHi(‘i('nt h'nyth to trace' the' whole e'xtent 
of the' ld)]-o \aseolar lanielk'S. il is fhmi 1 tirit. whilst, they pass at 
their upper e'xtremity into tlu* lea\ < s. t, i<‘y pa>s at the lowe'i- end 



702 MICKOSCOriC STEUCIURE OF PHANEROGAMIC PLANTS 


towards tlie surfjice of tlu^ stem, and assist, by their intei laeenient 
with t}ie outer biindh s. in forming tliat ext r<‘inely tougli in\ (‘stin(‘nt 
wliich the lower (aids of these steins pri'sent. New filno \ascular 


himdles ar«‘ hcin^' cont imially fornuMl in the n|)|)ei- part oF tlx' stem, 
in eonlinuity with iln* leaves whieh are sneeisv^i \ ely put Ibrtli at its 
summit; hut while tliese take part in the elongat ion ol' tin* steam 

they contribute but litth- to the' inertMse 



Pie. 540. Diaj;TiUH of tlio first 
formation of an oxo^jonous 
stem : f/, pilli ; /n />, l)ark; o, r, 
Itlafcs of cnllnlai' tissn<^ ono- 
ilnllary niysi loft ])etnvoon tiu' 
woody bimdh's <! d. 


of its diameter. For thos(‘ which are 
most r<‘(*ently foniKMl only pass into the 
centa’e of the stian ihiring the higlna- 
pai't ol* l lHai* eonrse, and iisnally make 
their way again to its exterior at no 
great distance Ixdow ; and, when oncc' 
formed. th(‘v reeia" ve nofurtlua* addif ions. 
It was Irom the idea tojincaly enter- 
taiiK'd that these' successively formed 
bundles desec'ud In the interior of the 
stem through its entire length until they 
reach the roots, and that the stem is thus 
continually receiving addii-ions to its 
interior, thfit the term endoijenoufi was 
gi\('n to this type of stem-structure; 
luit, from t he flmt just stated regarding 


the cour.se of the fibro-v.iscular Viundles, 


it is obvious that- such a doctrine cannot lie any longi'r admitted. 

Ill the* stmiis of dicot yh'donoiis ph.inrrogams, on th(' other hand, 
we hml a method of a rrungc'im'iit ol’ the several parts which must 


])(' i(gai (l(‘d as the highest form of the development of the axis, 
bi‘ing that in which the greatest difierentiation exists. A distinct 
div ision isalvv av s s(*(‘n in a transverse' sec-tion (tig. 540) l)(‘tvveen three 
concentric areas - tlu' pith, t he irncxJ^ and the t he* first (c/-) being 



Fie. .541. —Transverse section of stem of CAematis'. «, pith; h, b, woody bundles 
c, c, c, iiiedullary rays. 

c(*ntrah the last (/>) ])eriplH*ral. and th('.'<(‘ having the wood interposed 
hetw(‘('n tla'in, its eireh' Ixa’iig made ii[) of wedge-shaped bundles 
{(/ (1), k(‘pt a[)ai t by the nwdallarjj raj/s composed of unclianged cel- 
lular tissvK' (c, c) that pass between the pith and tlu' hark. The pith 
(lig. 541. e) is almost invariably composed of cellular tissue only, 
wbicli usually pi i'sc'uts (in 1 ransverse section) an hexagonal areolation. 
When new ly forim'd it has a- gri.‘enish hue, and its cells are filled with 
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fluid; but it gradually dries u[) and l()s»-> ii> rolom ; ;ni<i luii un- 
freqiieiitly its component cells are torn apart byilu' rapid growth 
of their envelope, so that irregular ca\ itio art' tianid in it ; ov if 
the stem should iiuaa'asn with <‘xtrt‘niu rapidity it Itt'coint's hollow, 
the [)it li htdng rediUH'd to I'ragnu'nls. w hich art' lo\intl atlhi'i inii' to 
its intf'rior Avail. The pith is iimiuMliately surrounded 1>\ a delicatt* 
nu'inhrane, consisting almost t'utirely of spiral xt'ssels. which is 
t ('i n It'd the medullary sheath. 

ddit' u'oody portion of the stem (iig. odI.A, />) is niadt' iij) of uood\ 
flbres, usually with tlie addition of ducts t)f \arious kinds : llu'st', 
how’ever, are absent in one large gi-oup, th<' (\)nij'</r(r or fir tribe 
w ith its allit's (tigs. 545—548), in which tlu' {trostaichyinat ous ct'lls 
or trffrht'ids art' of unusually large dianu'ter, and art' inaibt'd hy 
the bordei'ed pits rtlready describt'th in any stt'tn or branch of niort' 
than one year’s growth the Avotuly st ructure prt'st'iits a more or h'ss 
distinct appearance of division into concentric rings, the mindter of 



Fig. 542. — TraiiHverse section of stein Fig. 54H. Portion of the 

of Blianinus (buckthorn), showing sanu! iiioi(‘ highly 

concentric layers of wood. niiignifi(Ml. 


which varies with tlie ag(‘ of t lu' tree (lig. 542). 'I'lu' < <)iii jiosit.ion of 
the several rings, whii'h are the sections of so many cylindrical 
Iav(‘rs. is uniforinlv the same, how (*\’er di lleO'iit 1 lu ii’ 1 hicknes^ ; hut 
t he arrangement ot tin* two principal elciiH'iit s iia mcly. i he eellnlai’ 
and th(' Nasi'iilaj- tissin' \.‘i)'i(‘S in diilTej-ent spi'cios, the \ (‘ss('ls heing 
sonu'tiim's almost uniformly ditfnsed through tlu' w hoh' layi'r. Imt^ in 
other instances being eonlini'd to its inner part; while in other 
cases, again, tlu'V ar«' dis];(*rs<'d with a certain ri'gnlar irregularity 
(if such an exprt'ssion may la' alloweil), so as to gi\e a ein ioiisly 
figui'ed a]>pearanee to the 1ran.s\eise seetiim (figs. o l2, a h‘*), d he 
gi'iiei-al fact, howcvei', is tliat the V(*sseis pri'dominat e tow a ids 1 1n* 
innei' sid(' of tin' lang (which is th<* |jart of it fu'st forme*!), and that, 
till' outer portion of each layer is almost (‘xclnsixoly conpa sed of' 
(■('llul.ar tissue. Such an a rra ngi'iin'iit is shown in (ig. all. d'his 
alternation of vascular and c(*llnla)- tissm* IVcijnently sci \(‘s to mark 
tlu* sncci'ssion of layers when, as is not uncommon, tlieri' i>^ no very 
distinct line of separati* n between them. 


704 MICKOSCOPIC STRUCTURE OF I’HAXKFt KJA.MIC PLANTS 


Tlie nuitilxT ot Liyrr.s is usually (•(jiisidru'iMl to con uspoiid w ith 
that of the years (luring which tlu^ stem or hrancli has been gi’owing ; 
and this is. uo doidd,, g(*uerally true in regurd to the trees of 
teiiiperat(‘ eliinateSj which tlnis ordiua I'ily iucreas(* Ly ‘ auiuud layers.’ 
There can he uo doidd, liovvevei', t Jiat such is i>oi. tiu* uui\ (*i-sal rule ; 
and that we should lx* more correct in slat iug that each layta* indi- 
cates an ‘ e|)och of \ ( g(‘tat ion,’ which, in 1eui[)<‘rate climativ^. is usua iiy 
(hut not iinariahly) a yt'ai*, hut whicli is commonly much less in the 
cas<‘ ot t-re(‘s llourishing in t roj)ical regions, ’rinis among tlu* latter 
it is \<*ry common to lind tla^ h‘av(‘s regularly sIumI and rej)lac(Ml 
twice or even thrice in a yisar. or (i\(‘ tiimss in two y(*ars ; and tor 
(w <'ry ci’oj) ot hsivavs th(‘r<' will he a coia-esponding layer of wood. 
It sonaSiuKss hapj)(‘us. c\ (*n in tciii j((‘rat(‘ climat(‘S, that trees shed 
th(‘ir lea\es prianat ui-ely iu consei juimce of Continued drought, and 
that, it rain tlam follow, a tr(‘sh crop of leaves appears iji the same 
sc'ason ; and it cannot hi' douhte(l that in such a year there would 
he two rings ot* wood produced, w hich would jaohahly not together 
e.\c('ed lh(‘ oi-(liuary single layer in thickness. 'I’hat such a division 
may I'xon occur as a c; msiapienci' of aii iuteri iipt ion to t hi' ]>roC(*sses 
ot \ ('g(‘l ation produced hy seasonal chang<‘s as by heat fuid drought 



a h c 

Fi(i. ~>ii. Porlidii of trjtiisvtM-sc section of stern of lix/el, sliowi 11,14', i'> h'<* portion 
(I. h_ c, six narrow layers of \voo<l 

lu a tree that tlourislu's hi'st in acohl, dam]> atmosplim-e, or h}' a fall 
of t emperat ui'i' in a Iri'e that reipdi'i's heat wonld app(‘ar from the 
(Vcipieney with which a douhle or e\'(‘U a mnlti[>le succession of rings 
is found in trans\erse sections of wood to oeeujiy tlu' ])lae(‘ of a 
x/z/i/Zc oiu'. 'Thus in a section ot ha/el stem (iu the Author's jiosses- 
sioti). ol* which a ])oi-tiou is re|)resented in tig. oil, lu'twemi two 
la\(‘rs of tlu' ordinary thiekui'ss then* iuti'iweui's a hand whose 
breadth is altogether h‘ss than that ot either ol* thi'iii. and which is 
\(‘t eomposiMl ot uo tewi'r than six layers, tour oftliem (r) hi'ingxery 
narrow, ami I'ach ot tin' other two {a, h) being aV)ont as widi* as 
th('S(' tour togi'ther. d’he inner ritjgs of wood, being not ordy the 
oldest, hut t he most, sol idi tied by resinous matti'i's dt'positi'd w itin'n 
their eompoin'iit cells and vessels, ai'c s[)oken ot eolh'ctively nndei* 
th(' di'sigicit ion (hirmntn or * hi'art -wood.’ On the othi'i- liand, it is 
through the cells and duets of the outer and newia' layers that the 
sap risi's from the roots towards the leaxi's ; and tlu'se ar(' eonse- 
ipientlv (h'signated as alhft r/Hf m or ’sap-wood.' ’Tin' lini' ot di'inar- 
eation hi'lwi'i'n tin' two is sometimes vm-y dist inet, as in lignum vibe 
and cocos wood ; and as a ni'W I'ing is addl'd <*\ery yi'ar to tlie ex- 
terioi- ot the alhui'niim, an additional riitg of tin' innermost jiart of 
the alhurnuin is eveiy year consolidated by internal deposit, and is 
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thus added to the exterior of tiu‘ duramen. ]Mnrr Ih.w- 

ever, this eousolidatiou is i^nKliutllv i’lh‘ctt‘d, and llu“ alhinmnu and 
duraiiHUi aro not s('|»a]-ated hy aii\ al>ru|>t line o^di^ i^i(Ul. 

The 'tiiediilla r/f which cross tiic suca‘<“ssi\ <■ riiiijs of W(H>d 

connecting the eellulai; suhstanci' of tlu* pith witli that of tlic l>ark. 
and dividing each ring ol wood into wtMlgt' sha[»cd segua'id s, ai t* thin 



Fici. 545. — Portion of transverse section of 11i<‘ st('in of certar ; a, nith ; 
/>, h, woody layers ; r, harla 


plates of C(‘llular tissui‘ (fig, oil, r. c). nol usiiaily (axtciidiiig to anv 
great deptli in tin' xa'rtical <lircciion. It is not often, ln)U(‘\(‘i‘, that 
their chara(‘t«‘r can i)e so cl('arly seen in a 1rans^erse sc'clion as in 
the diagram ,jnst reterr<‘d to; for IImw ar<‘ usually com ) a (‘smmI so 
clos('ly as 1(» a|>|)i‘ar darkm- than the w<‘dg('s ol‘ woody t issia* helwoen 
which they int(‘r\(‘ne (figs, o-l.l, o4o). and t lu'ir real nat iiie is hest' 
understood hy a e(»ni | arison of lotH/iltn/i jHfl s(‘etions made in t wo 
different diiceiions - - nauu'ly, 

)'(((! lid and t (( — with tin* 
transN'ersc. ddiree siu'h sec- 
tions of a fossil eoniterons woo<l 
in t h(^ Autlior s jyossession ar<' 
shown in (igs. o4() o4S. 4’he 
stem was of sueh lai g(‘ size t hat , 
in so small a part of tie* ai(‘a of 
its transverse section as is re- 
|>) (\s(‘ufed in fig o Id. tlie medul- 
lary lavs seem to I'lin pai*allel to 
(‘aeli other, instea<l of radiating 
from a eommon cent re. They ai-e 
very narrow ; but ar<* so closely 
set together tliat oidy two or 
three rows of traeheids (no 
ducts being lierc^ present) in- 
terveiu' l)etw(‘eii any pair of them. In tin* longitudinal section 
taken in a radial direction (fig. 547), and cons(‘(piently passing in tla^ 
same course with the medullary rays, th(‘se ai e seen as thin |)lates 
(a, tty a) made up of superj)osed cells very much (elongated, ami 
crossing in a horizontal direction the iracOieids vvliicli lie paiallel to 
one another vertically. And in the tangential stetion (fig. 548), 



— INhIkhi of tnmsversc section <if 
larj^^e stotn of coaifoioiis wood ^fo^.si)|, 
showing part rif two annual rin;.;s, di\i<](‘d 
at a, ft, and traversed by vtay thin but 
numerouB medullary rays. 
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vvliich is tak(‘n in a direction at right angles to that of the medul- 
Jai ‘3 ia)s, and therefore cuts them acioss. wo see tlmt each of the 



Pia.*547. Portion of vertical Hection of the 
Bame wood, taken in a radial direction, 
showing the tracheVdH with ‘ borderecl 
pits,’ without ducts, crossed by the medul- 
lary rays, a, a. 


Fkj. 548. Portion of vertical 
section of the same wood, 
taken in a tangential direc- 
tion, so as to cut across the 
medullary rays. 


j)lat(‘s thus foi ined has a very limited depth from ahove downwards, 
.Mini is compnsnd ol‘ no more than one thickness of cells in the 
horizontal diriH'tion. A section of the stem of maliogany taken in 
the same direction as tlie last (fig. 549) 
gives a very good view of the cut ends of 
the ineilullaiy I’ays as they pass between 
the prosiMichymatoiis (‘ells; and they are 
s(‘(‘n to )h‘ h(M (‘oi*somewhatgreaterthi(;k- 
iioss, being composed of two or three rows 
of cells, arranged side by side. 

In another fossil nnoi h I , whose transverse 
section is shoAvn iu lig. 5 50, and its tan- 
gential section in tig. 551, the nuMhillaiy 
rays are seen tooccnjiy a much larger pfirt 
of the substance of the si epi, being shown 
i n the ti-ans vei’se st ‘c t i o n as I > i oa < I h. i n d s 
(a ((, (f f() int<‘r\ening between the clo.scdy 
set pros(‘nehy malous colls, among which 
somr large ducts are scatt(‘r(‘d ; wldlst in 
the tangrntial sec’ition tluw ai (‘ ohsei Ncd 
to 1 h‘ not only dee])('T 1 h:m ilu' precM'diug 
from ;d)OA(‘ downwards, ))iit also to have 
;i much gro.ilcr ihickiicss. 'This s(*ction 
als(t gi\M‘s .an <‘\(m'11(‘IiI vU'W of the ducts,, 
b />, b />, which aiM' Iuum' plainly setm to be 
fornuMl hy 1 ]h‘ coah'scence of large cylindrical c('lls lying (Mvd to end. 
In aiiolhcr fossil wood ill the Author's possi'ssioii th(‘ inodnllary rays' 



\’«M tical section 
nahogany. 
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constitute a still larger proportion of the stem ; lor in the trmis\ i rsi 
section (fig. 552 ) they are seen as very broail Iwnids (/,. A), aliei naiinr 


a a 



Fio. 650. --Transverse section of a 
fossil wood, showing the medullary 
rays, a, a, ((, a, n, running nearly 
parallel to each other, and the 
openings of large ducts in the midst 
of the prosenchymatouB tissue. 


k 6 



I'l i. r>7)l. \'t'ridc;i I i t aiigoni iii 1) sec- 
tion of the Siiiiie wood, shots inj; ihe 
prosenchyniiitoiis cells scparatcil 

by the medullary rays, iiiiil by tlio 
large ducts, b b, 6. 



with 
than tin 


|)ldt(‘s of woody stnicture (a a), who.-^r tliickiK'ss is oftioi h'ss 
th(‘ir own ; whilst in the tangonlial MHt ioii (lig. o.^:;) i he rut. 


Flos. .552 aii'l 5.'.:;, T'im n -vrsc .md xcriic.i 
showing the -a-paral i«-ii of the w<.i.il\ plab‘ 
large lucdiillary rays, h />, h h. 


extroiiiit i(‘> ot llu' inodiilhirx' r;iv> occujyv u \<*i y l.'irgr |t:irj of 
flu* Mica. liM\iiig a|)));in“iitly dctcrniiiicd the ^iiinoiis coiiisi- o| flic 
|)r()S(*iicli\'niatou.s (*('118. iii.'-tihid of looking (ns in jig o l-Sj as it llicy 

/ z ‘2 
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had forced their way between these cells, which there hold a nearl}^ 
straight and parallel course on either side of them. The medullary 
rays maintain a connection between the external and the internal 
parts of the cellular tissue or fimdarmiital pareachyme (also chilled 
‘ ground-tissue ') of the stem, which have been separated by the 
interposition of the wood. 

The hark is usually found to consist of three principal layers ; 
the external or ep^phlmim^ which includes the suheroiis (or corky) 
layer ; the middle, or mesophlmmy also termed tlie ‘cellulai* envelope ; ’ 
and the internal, or endophlceitm , which is moi'e commonly known 
tis tlie liber} The two outer layers are entirely cellular, and are 
cliietly distinguished by the form, size, and direction of their cells. 
The ppljddijeum is generally com[)osed of one oi‘ more layers of colour- 
less 01 brownish cells, which usually present a cubical or tabular 
form, and are aiTanged with their long diameters in the horizontal 
direction ; it is this which, when develope<l to an unusual thickness, 
foi*ms cork^ a substance which is liy no nuuins the product of one 
kind of tree exclusively, but exists in greater or less abundance in 
the bark* of every exogenous stem. The imsopldifum consists of 
cells, usually containing moi-e or less clilorophyll, prismatic in their 
form, and disposed with their long diameters {)ai’allel to the axis ; it 
is more loosely arranged than the preceding, and contains inter- 
cellular passages, which often form a, network of canals which have 
tlie character of laticiferous vessels; and, althougli usually less 
developed than the suberous layers, it sometimes constitutes the 
chief thickne.ss of the bark. Tlie Uher or ‘ inner bark,^ on the other 
hand, usually contains woody fibre in ad<lition to the cellular tissue 
and laticiferous canals of the prect^ding ; and thus approaclies more 
neat’ly in its character to the woody layers, with which it is in clo.se 
pi’oximity on its inner surface. The liber may generally be found to 
be made up of a succession of thin layers, equalling in number tho.se 
of the wood, the innermo.st being the la.st formed ; but no such 
succession can be distinctly traced either in the cellular envelope or 
in the .suberous layer, although it is certain that they, too, augment 
in thickne.ss by additions to their inteiior, whilst their external por- 
tions are frequently throw’ii off in the foi*m of thicklsh plates, or 
detach themselves in smaller and thinner lamime. The bark is 
always separated from the wood by the cambium layei\ which is the 
part wherein all new growth takes place. This layer seems to con- 
si.st of mucilaginous semi-fluid matter ; but it is really made up of 
cells of ajv*ery delicate texture, which gradually undergo transfor- 
mation, whereby they are foi* the most part convei*ted into tracheids, 
ducts, spii'al vessels, <tc. These materials are so arranged as to 
augment the fibro-vasculai* bundles of the wood on their external 
surface, thus forming a new layer of alburnum, which encloses all 
those that preceded it ; whilst they also foim a new layer of liber 
on the interior of all those which preceded it. They also extend the 
medullary rays, which still maintain a continuous connection between 
the pith and the bark ; and a poi*tion remains unconverted, so as 

^ [The term ‘ liber ’ is also sometimes applied to the ‘ phloem-portion ’ of a fibro- 
vascuiar bundle. — En.j 
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jdwuys to keep apart the liluM- .nn] the iilbimunn. 'Phis typr ol 
stem -structure is termed /\rn<fr//nt/s \ a desigiwit ion whioli apjilit's 
\‘ery eorrectly to the mode oi' im roast' of the woo(l\ lax ta s. alt liougli 
(as just shown) the liber is IodihmI upon a ti u'\ t*U(I<»i^t‘nous plan. 

N umei'ous departure's from tlioiiormal ty[M- arc (omul in parficii 
lar tribes of dicotyledons, 'flms in somo (ho wood is not marko<l l>y 
concentric circles, tlieir gr<m t li not boiiii.^ iiiten u[)(t‘tl 1)\- aii\ st‘asoual 
change. In other oast's, again, oaoli wootb /.out' i> si'paratod from 
the next by the intt'rposit ion of* a (liiok la\ t'l- of’ otdlular sul»tanot‘. 
Sometimes wood is formt'd in (ho l)ark (as in ( '(tlffctn/lluis), so that 
several woody eolnmns art* protluet*d, \\ Ideh art* tjuito imU'pondont of 
the principal wootly axis, ami elnstor arotind it. (.K't'asionally the 
woody stern is dividt'd intt» disfincf segments l>y tlu' jn't'idiar tltiok- 
ness of (‘('rtain of the nu'dullarv ravs, anti in tlu' sU'm, t)t“ whielt 
fig. ^)54 represents a tia nsvt'ost' st'ot.ion, tliest' oollnlar' plait's form 



Fio. 554. — Transverse section of tlie Fiti. .^»r>r). I’ortioii ol' trtmsviast' 

stem of a climbing plant {Aristo- seftioii t»f Arctiuut (biinlock ), 

lochia ?) from New Zealand. showing one of the fibro-vascn- 

lar bundles that lie beneatli 
tl>e cellnlnr »'])ideTm. 

four large segments disposed in tlu* mamu'r of a .Mallt'st' erttss. and 
alternating with the fonr wootly segnu'iits, which llioy t'tpial in si/.t*. 

The exogenous stem, like the (so-called) t'ndogt'iinus, consists, in 
its first tievt -loped statt', of cellular tissue only ; hut a ftei‘ t lu- It-avt-s 
have ])een acti>t‘lv pt-rforming their function for a sliort tinu-, vvt- 
find a circle of fibre- vascular bundles, a- n-pi t-sonii-d ii» (ig. did, 
interposed between the central (or imdalhtry) ami tiu- pm iplu ral 
(or cortical) portions of the fundamental tissue, thc.st- liliro \aM nlar 
bundles being themselves separated from each otlier by platrs of 
cellular tissiu', which still remain to coniK'd tlu- rmilial and tlu- 
peripheral portions of tlmt tissue. This first stage in tlu- formation 
of the exogenous axis, in wdiich its principal parts — the pith, waxxl, 
bark, and medullary rays — are marked out, is seen even In tiu* 
stems of herbaceous plants, whicli a)e dnstim-d to dio down at tlu* 
end of the season (fig. 555); ami si'ctions of* tlH'S(', wliicii ai e very 
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easily prepared, are most interesting microscopic objects. In such 
stems the difference between the endogenous and the exogenous, 
types is manifested in little else than the disposition of the fibro- 
vascular layers which are scattered through nearly the whole of 
the fundamental tissue (although more abundant towards its 
exterior) in the former case, but are limited to a circle within the 
peripheral portion of the cellular tissue in the latter. It is in the 
further developinent which takes place during succeeding years in 
the woody stems of perennial exogens that those characters are 
displayed which separate them most completely from the ferns and 
their ^lies, whose stems contain a cylindrical layer of fibro vascular 
bundles, as well as from (so-called) endogens. For whilst the fibro- 
vjjscular layers of the latter, when once formed, undeigo no further 
increase, those of exogenous stems are progressively augmented on 
their outer side by the metamorphosis of the cambium layer ; so 
that each of the bundles which once lay as a mere series of parallel 
cords beneath the cellular epiderm of a first-year’s stem, may become 
in time the small end of a wedge-shaped mass of wood extending 
continuously from the centre to the exterior of a trunk of several 
feet in diameter, and becoming progressively thicker as it passes 
upwards. The fibi’o- vascular bundles of exogens are therefore 
spoken of as ‘ indefinite ’ or open^ whilst those of endogens and 
vascular cryptogams (ferns, etc.) are said to be ‘ definite ’ or closed. 
The open fibro^vascular bundles of exogens and of gymnosperms 
may be stated to consist of three distinct parts : the xylem portion, 
which consists chiefly of ducts, of the natuie of spiral, annular, or 
pitted v^essels, and which is the portion of the bundle nearcvst to the 
centre of the organ ; the phloem or ‘ bast ’ portion, wiiich consists 
hugely of prose nchymatous cells, among which are almost always 
sieve-tubes with their sieve plates^ and w hich is the peripheral 
portion of the bundle ; while between them is the formative cam- 
himn, from which fiesh xylem is constantly being formed on one 
side, fresh phloem on the other side. The closed bundles of 
endogens and of v^ascular cryptogams consist of xylem and phloem 
only. When the xylem and phloem portions of fibro-vascular 
bundle lie side b}" side, as is usually the case, the bundle is said to 
be collateval ; when either portion encloses the other like a cylindeiv 
it i^^conceuiric. 

The structure of the roots of endogens and exogens is essentially 
the same in plan as that of their lespective steins. Generally 
speaking, howevei*, the roots of exogens have no pith, although they 
hav^e medullary rays; and the succession of distinct rings is less 
apparent in them than it is in the stems fiom which they diverge. 
In the deliaite branches which proceed from the larger root-fibres 
a central bundle of vessels will be seen enveloped in a sheath of 
cellular substance ; and this investment also covers in the end of 
the branch, which is usually somewdiat dilated, and is furnished at 
its extremity wdth one or more hiyers of cells, which are constantly 
being thrown off, known as the ^yileorhha or root-cap. The structure^ 
of the branches of the root may be well studied in the common 
buckweed, every floating leaf ofwhich has a single root hanging down 
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from its lower surface. The central fibro-vascular cylinder, which is 
characteristic of the finer roots of exogens, as well as of endogens, is 
surrounded by a single layer of cells very clearly differentiated from 
the surrounding fundamental tissue, known as the hundle-aheath. 
We have already seen the peculiar form assumed by the bundle- 
sheath in the stem of ferns and other vascular cryptogams. 

The structure of stems and roots aninot be thoroughlv examined 
in any other way than by making sections in different directions 
with the microtome. The geneial instriu‘tions already given leave 
little to be added respecting this special class of objects, the duel 
points to be attended to being the preparation of the steins, Szc, foi- 
slicing, the sharpness of the knife, and tl\e dexterity with which it 
is handled, and the method of mounting the sections when made. 
The wood, if green, should first be soaked in strong alcohol for a 
few days, to get rid of tlie resinous matter ; and it should then be 
macerated in water for some days longer for the removal of it.s 
gum, before being submitted to the cutting j)rocess. If the wooil 
be dry, it should lii-st be softened by soaking for a sufficient length 
of time in water, and then treated with spirit, and afterwards with 
water, like green wood. Hoim* woods are so little affected even by 
prolo^ed maceration that ladling in water is necessary to bring 
them to the degree of softness reipiisite for making sections. No 
wood that has once been dry, however, yields such good sections as 
that which is cut fresh. When a piece of ap[)ropriate length 
lias been placed in the gras[) of the section instrument (wedges of 
deal or other soft wood being forc(‘d in witli it, if necessaiy for its 
firm fixation), a- few thick slices should first be taken, to reduce its 
surface to an exact level ; the surface should then 1 m‘ wefted with 
spirit, the micrometer-screw moved through a small part of a revo- 
lution, and the slice taken off with the razor, the motion given to 
which should partake both of dratruKj and pushlmj. A little prac- 
tice will soon enable the operator to discover in each case hoir thin 
he may venture to cut his sections without a breach of continuity, 
and the micrometer-screw should be turned so as to give the required 
elevation. Tf the surfju*e of the w'ood has been sufficiently wetted, 
the section will not curl up in cutting, but will adhere to the sur- 
face of the 1 ‘azor, from which it is best detached by dip))ing the 
razor in w^ater so as to float aw’^ay the slice of wood, a^ camel-hair 
pencil being used to push it oft* if necessary. All the sections that 
may be found sufficiently thin and perfect should be put aside in a 
bottle of weak spirit until they b(' mounted. For the minute exami- 
nation of their structure^ they may be mounted either in weak 
spirit or in glycerin-jelly. Where a mere general view only is needed, 
dry mounting answers the purpose sufficiently well ; and there are 
many stems, such as that of Clematis, of which trans\’erse sections 
rather thicker than ordinary make very beautiful opaque objects 
when mounted dry on a bhick ground. Canada balsiim should not 
be had recourse to, except in the case of very opaque sections, as it 
usually makes the structure too transparent. Transverse sections, 
however, when slightly chaired by heating between two plates of 
glass until they turn brown, may be mounted with advantage in 
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Caiiafla balsam, and are then very showy specimens for the gas- 
microscope. The number of beautiful and interesting objects which 
may be thus obtained from even the commonest trees, shrubs, and 
lierbaceous plants at the cost of a very small amount of ti'ouble 
can scarcely be conceived save by those who have specially attended 
tr) these wonderful sti’uetures ; and a careful study of sections 
made in different paits of the stem, especially in the neighbourhood 
of the ‘growing point,’ will reveal to the eye of the physiologist 
some of the most important phenomena of vegetation. The judi- 
cious use of the staining process not only improves the appearance of 
such sections, but adds greatly to their vscientific value. Fossil 
tcoods^ when well preserved, are generally siiicified^ and can oidy 
be cut and polished by a lapi<lary’s wheel. Should the microscopist 
be fortunate enough to meet with a, portion of a caldjied stem in 
which the organic sti*uctui*e is pi*eserved, he should proceed with it 




Fig. 557. — Epidonii of leaf of Indian 
corn [Zea Mais), showing stomates. 


after the manner of other hard substances which need to be reduced 
by grinding. 

Epiderm of Leaves, — On all the softer parts of the higher plants, 
save such as grow under water, we find a surface layer differing in 
its textui*e from the parenchyme beneath, and constituting a dis- 
tinct membrane, known as the epiderm. This membrane is composed 
of cells, the walls of which are flattened above and below, whilst 
they adhere closely to each other laterally, so as to form a continuous 
stratum (figs. 560, 562, a, a). The shape of these cells is difierent in 
almost every tribe of plants ; thus in the epiderm of the Yucca (fig. 
556), Indian corn (fig. 557), Iris (fig. 561), and most other mono- 
cotyledons, they are elongated, and present an approach to a 
rectfingular contour, their margins being straight in the Yucca 
and Iris, but minutely sinuous or crenated in the Indian corn. 
In most dicotyledons, on the other hand, the cells of the epiderm 
depart less from the rounded form, but their margins usually 
exhibit large irregular sinuosities, so that they seem to fit together 
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like the pieces of a dissected map, as is seen in the epiderni of the apple 
(fig. 558, h, h). Even here, however, the cells of that portion of the 
epiderm (a, a) which overlies the ‘ veins ’ of the leaf have an elongated 
form, approaching thiit of the wood-cells of which these veins are 
chiefly composed ; and it seems likely, therefore, that the elongation 
of the ordinary epiderm cells of monocotyledons has leference to 


Fia. 558 — Portion of epiderm of lower surface of leaf of apple, 
with la>t‘r of pareiichjnie in immediate contact with it: 
rt, o, elongated cells overlying the veins of the leaf; 6, 
ordinary epiderm-cclls, overlying the pareiiehymo ; c, c, 
stomatcs ; d, d, green cells of the spongy iiarencliyme, 
forming a very open network near the lower surface of the 
leaf. 

that parallel airangement of Mio veins wliich tlicir leaves almost 
constiintly exhibit. 

The cells of the epiderni are colourless, or nearly so, having no or 
but little chlorophyll in their interior ; and their walls are generally 


Fig. 559. -Portion of epiderm of upper surface of leaf ^ 
liochea falcata, as seen at A from its inner side, and at H 
from its outer side: n, r/, small cells forming inner layer; 
h, hj large prominent cells of outer layer ; c, c, stonmtes dis- 
posed between the latter. 

thickened by secondary deposit, especially on the side nmrest the 
atmosphere. This outermost hardened continuous wall ot the 
epidermal layer of cells is known as the cicticle. The de^sit {mtm) 
is of a nature to render the membrane very impermeable to fluids 
ao as to protect the soft tissue of the leaf from drying up. In most 
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European plantH the epiderm consists of but a single row of cells, 
which, moreover, are usually thin- walled ; whilst in the generality 
of tropical species there exist two, three, or even four layers of 
thick-walled cells, this last number being seen in the oleander, the 
epiderm of which, when separated, has an almost leatheiy firmness. 
This difference in conformation is obviously adapted to the conditions 
of growth undei* which these plants respectively exist ; since the 
epiderm of a plant indigenous to temperate climates would not afibrd 
a sutficient protection to the interior structiue against the rays of a 
tro[)ical sun ; whilst the less powerful heat of this country would 
scarcely overcome the resistance presented by the dense and non- 
conducting integument of a species formed to exist in tropical 
climates. " 

A veiy cui'ious modification of the epiderm is presented by 
RocJma falcata, which has the surfixce of its ordinary epiderm (figs. 
r)59, 5(50, a, a) nearly covered with a layer of laige prominent 
isolated cells, h, A somewhat similar structure is found in 
Mpseirihrijantheinnincri/stallivumy commonly known as the ‘ice-plant,’ 
a designation it owes to the peculiar appeai’ance of its sui’face, 
which looks as if it were covered with frozen dewdi*ops. In other 
instances the epiderm is pai'tially invested by a. layer of scales, 
which are iiothiiig else than flattened hairs, often having a very 
peculiar form ; the ‘ pelbite scales ’ of Klwagnm and other shrubs 
and herbs are very beautiful objects under the microscope. In 

numerous other cases, again, 
we find the surface beset with 
true hairs, which occasionally 
consist of single elongated 
cells, but are more commonly 
mad<i up of a linear series, 
attached end to end. Some- 
times these bail’s bear little 
glandulai* bodies at their ex- 
tremities, by tlu' secretion of 
which a peculiai’ viscidity is 
given to the surface of the leaf, 
stem, or flower-stalk, as in 
many kinds of rose, gei'anium, 
Ac. In other instances, the 
hair has a glandular body at 
its base, containing a peculiar secretion ; when this secretion is of 
an irritating quality, as in the nettle, it constitutes a ‘ sting.’ A 
gieat variety of such organs may be found by a microscopic 
examination of the surface of the leaves of plants having any 
kind of superficial investment to the epiderm. Many connecting 
links present themselves between hairs and scales, such as the 
stellate hairs of DeiUzia scalrra, which a good deal resemble those 
within the air chambers of the yellow water-lily (fig. 527). The so- 
called ‘ glands ’ or ‘ tentacles ’ of the sundew (IJroserd) are not 
really hairs, but outgi-owths of the internal tissue of the leaf, each 
])eing penetrated by a fibro- vascular bundle. 



Fl(s. 5(i0. — Portion of ^ ejrtical section of leaf 
of llochea, showing the small cells, n, a, 
of the inner layer of epiderm ; the large 
cells, h, h, of the outer layer ; r, one of the 
stomates; d, d, cells of the parenchyme; 
L, cavity between the parenchymatous 
cells into which the stomate opens. 
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The epiderm in many plants, especially these belonging: to the 
grass tribe, has its cell-walla impregnated with »ilex, like that of 
Equisetiim ; so that, when the organic matter seems to have been 
got rid of by heat or by acids, the forms of the epidermal cells, hail's, 
stomates, cfcc., are still marked out in silex, and (unless the clissipa- 
tion of the organic matter has been most perfectly accomplished) 
are most beautifully displayed by polarised light. Huch silicified 
epiderms are found in the husks of the grains yielded by these plants ; 
and there is none in which a larger proportion of mineral matter 
exists than that of rice, which contains some curious elongated cells 
with toothed margins. The hairs with which the (chafi-scjiles) 

of most gmsses are fui'iiished are strengthened by the like siliceous 
dej>osit ; and in Festaca prateiisis^ one of the common meadow- 
grasses, the palccT are also beset with longitudinal rows of little cup- 
like bodies formed of silex. The epiderm and scaly hairs of Dentzia 
scahra also contain a lai*g(‘ quantity of silex, and are remarkably 
beautiful objects for the polariscope. 

In nearly all plants which possess a distinct epiderm, this is 
perforated by the minute openings termed stowates (figs. 557, 5()1), 
which are bordeied by cells of a, p(‘ctiliar form, the (jnanl-celhy 
differing from those of the e[)iderm,and more resembling in character 
those of the tissue beneath. 


They are further distinguished 

by containing a larger number " ' ' 

of^chlorophyll-p^m tha^i the . ■ 

someudiat^ ki^ anil 

the epiderm of Yucca, how evei , 

tlie opening boun.led by two ,,, 

pairs ot cells, and is somewhat aennamca torn from itH Hurfaco, ami 

1 1^.. f:r:a\ . .. o .. iw.rb.oTi nf flu* 


quadrangular (fig. 556 ) ; and a carrying away with it a portion of the 

like doubliim of the «-uard- parem-hymatouH layer in inmie(liate con- 
llKe aouDling 01 ^ elongated cell h of the 

cells, with a narrower slit he- epiderm; 6, 6, cells of the Htornates ; r, c, 
tween them, is seen in the epi- cells of the parem-hyme ; r/, t/, improHSions 
/if fhn Tn/li.ni r'OTMi fhxr Oil the epulemuil cells formed by their 
r r x coiitact ; e, cavity in the parenchyme, cor- 

557). In the stomates ot no responding to the stomate. 

phanerogam, how^ever, <lo we i i 

meet with any conformation at all to be compariid in complexity 
with that which has been described in the huinble Marchmitia. 
Stomates are usually found most abundantly (and sometimes exclu- 
sively) in the epiderm of the lower surface of leaves, where they open 
into the air-chambers that are left in the parencbyiiie which lies 
next the inferior epiderm ; in leaves which float on the surface o 
water, however, they are found in the epiderm of the upper surface 
only ; whilst in leaves that habitually live entirely submerged, as 
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there is no distinct (‘])id(‘]‘in, so l]n*r»‘ ;irc no stoin.iti's. In the erect 
lea VOS of ^Tassos, tlio /y/’.s- halM*. Ac., they aro tdmid (‘(jnally (or nearly 
so) on ])olli siirtacrs. As a i.;(‘noial I'act . tlioy ai‘o least nunnn'ons in 
succuleni planis. wl^osc nioistm-e. obtained in a scanty supply, is 
destined (o be |•l*1ained in the s\steni; wliil.-^t t hey al)()und most in 
tllos<‘ which exliah* lliiid na>st readily, and lliereloiu' ahsoi-h it most 
<piickl\. it has h(‘en (‘stiniated tliat no fewer than 1 hO.OOO an‘ con- 
tainefl in e\'eix’ scpiare incli of tin* niid(‘r surface of tin* l(‘a\es of 
I ! tfd rd in/rcf and of s<‘V<‘ral other plants, the i;-rea1«‘st nnnih(*r seem- 
in^^ alwaNs to he j)r»‘seid \\li(*r(‘ the nj)per surface of tli<‘ h‘a\cs is 
<‘idir(‘h' (h^stilute of these ori^'aiis. in Ins (jr niunncd each surfac(‘ 
has ncai'K' 1*2. ()()() stoiuatc.s in e\(‘rv sijuare inch : and in Yncrd (‘ach 
surfac(‘ lias f(),()00. I n t la‘ oleamh'i'. lUdil.std, and some of li(‘r plant s, 
tli(‘ stoma1(‘s do not op(‘n direc-tly upon tin* lower surface of tlie 
<‘piderm. hut lie in the dis'pisst part of little jiits or d('])ressions, 
which ar(‘ ('\ca\at('d in it ami liiUMl with hairs; tlu' mouths of these 
pits, with th(‘ hairs that lim' them, aiM* well hroui^iit into vi(wv by 
1akin,i;‘ a thin slic(' from the surlace of the epiderm with ii sharp 
knife ; hut the form of tin* ca\ities and the position of the stoinates 
can onh' h(‘ W (‘ll niadt* out in \crtical S(‘ct ions of* the leaves. 



The internal structure ot* Lmess is best hronglit into view by 
makiiii^' \(M-tical sections, t raxersin^Mhe two layiu-s of (‘piderm and 
t he intm uK'diati' cellular parenchyine ; poi t ions of siu'h s(‘ctions are 
sliown in lies. otiO, 0()2, and nfi.'h In close .apposition with tin' C(‘lls 

of th(' u])pm* t‘pid(‘j'm (lie. 
01)2, a)j which may or may 
not 1)0 perforated with the 
stoinates (c, c, d, d), we find a 
layer ( >f s( )ft, thin-walled cells, 
with their loiyymst diameter 
at right angles to the surfac-e 
of the leaf, and containing 
a large ciuantity of chloro- 
])hvll ; these genei-ally piess 

Pio. BM. Vortical so ' closely oiie ao-iiiiist an- 

]iorticn ot subjacent paicucliyiiic ot leaf of . •' i • ^ • i 

Ir/s nica taken in a transverse dircc- ot law that thmr sides be- 

tion : c, c, ccllsof epiderm; h, />, cells at the come mut ually flattened, and 

'M. no spaces are left, save wliere 

openin}i;s of the stoinates; c, c, cavities in the .i ^ i o • ’ • 

parenchyme into wliich the stoinates open ; there IS a definite air-cliainber 
t\f, cells of the parenchyme. into which the stomate opeiis 

(fig. 5 ( 52 , e) ; and the com- 
pactness of th i s supm-ficial layer is well seen w lum, as often ha])])('ns, it 
adlieres .so clo.sely to the epidman as to h(‘ carried away w it li this when 
it is torn off (fig. 5 Gl,c, c). J’his layer, nsnnlly peculiar to the npper 
siirtaci* of h*aves, is known as the 'palLmde-^yarenchyme. lleneath 
this first laym* of h'afcells theiv are u.sually several others rather 
less compac'tly arrangeil ; and the ti.s.sne gradually Viecomes more 
and niort' lax. its ci'lls not Inang in elosi* a]>j)osit ion, ami large inter- 
cellular ])assag(*s htung left amongst tliem, until we reach the lower 
epidei in. w liich the parenchyme only touches at certain points, its 
lowest layci- forming a sort of network, the so-called spotty y paren- 
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^0- int('r>|».u-('s. \\\io whivU t lu‘ .xtom.-ii .v- 

nprii. U is to tlii.s :irr;mi;(*iiH'nt that tlio ilarkia* sliadi' of 
almost in\ari'd)l_v (mI i)ytli(‘ upper surl:u*e of Uaxe- i.s priu 

(•i[>al]y due. tlie colour of tlu' eompoiuait (-ells of the pareuelnuu' 
not ludiiy' .leej)«‘r in on<' part of the l(‘af than in another. In Hiom* 
j»lants. ho\\e\cr, w hox' lea\(\s are .u-ect instea<l of heiny hori/outal. 

so that tlieirtwo surtace> mt' e(pia!l\ e\p(>se,j to liyht, tlie pariur 
chyuu' is arranyc'd on l)otl» sides in tlu' same manner, and their 
epidiu ius ar(‘ (urnisiK'd with an (Mpial numiHM’ of slomat('s. d’his is 
th(' cMS(\ for o.\amph‘. with tlm leavos of tlm common yaidejt /ris 
(tiy. ht).'!). in wliich. moi(‘o\er. \\e lind a centr.d poi-tion (<J. d) 
fornu'd hy t In'ek-w a lletl colourless tissue. \r\\ dilhaent (‘illua- iVom 
oi'dinary Icafctdks or from woody lihre. d’lie «'\planation of its 
pres('nc(' is to ht' found in the* pe(adiar coidormation of 1h(‘ h‘a\es; 
for if we |udl one of tluau froiii its oriyiu. uc shall tind that what 
appears to bo the llat ('XpaiidiMl hlad<' r('.dly exposes but half its 
siirbice, the blade b(>iny (i(»ubh'd toyi'thcr lonyit iidinalU , so that, 
what may be considered its umha- surface is enfir(‘K' c(»nc<‘aled. 



Far Uertioii of v(‘rtical loii}<itu(linal nection of li'af 

of /y/.s', oxt.<*ij<liiio from one of itn flatteiaul ,si<los (o tin* 
other : a, a, cloiioatod <-(dlK of e])iderm ; 6, /y, stoiniita, ciil. 
tliroii;L;'h Ioi);;itu(liiially ; r, a, ynaai oc'lls of ))m rein 1)\ nx; ; 
f/, colourless tissiHX o<-eu|)\ iu;.,' iiiUu’ior of leal. 

The two liaKes a re adherent tooetlusr at then- upj)er part ; Imt at 
their lower the\ arecommoidy separated by a new h'af uhich comt'S 
up between them ; and it is from t his arrano<-me?|j . w hich resend)les 
the position of the leys of a man on horsehack. that tlm leases of 
the Iris tribe are said to be riiniUtut. Now by I raciny tile middhs 
layer of coloni*l(‘ss cells, d. //, down to that lowaa- poition of the leaf 
where its tw’O liaUes di\erye tVom one another, we lind that it thm-i^ 
becomes continuous with tlie epiderm. to the (-(‘lls of w hich (fiy. ht;:;, 
(t) these bear a sti-ony leseiiihlanci* in (Wiay rcsjicct, sa\(‘ t lm yri'atcr 
proportion of their Vn'eadtli to their length. Another interestiny 
variety in leaf-structure is presented hy the water lily ami othm* 
plants whose leaves tloat on tlie sm-faci* ; for h(*re the usn.il arraiiye 
ment is entirely re\er.sed, tlm clo.scdy .M-t, layers of green ksif cells 
being found in contact with the low(*r surface, whilst all the uj)pci‘ 
part of the leaf occupied by a, loosi* spongy paicnchyme, containing 
a very large number of aii*~spaces that give hnoyancy to tlu' h‘af ; 
and these spaces comuiunicate with the extei nal aii tiirongJi th(' 



7I<S MICROSCOPIC STlU'C'i’rKK oK i’HA XKROGAMIC JH.ANTS 


imiiK ious stomates, which, contrary to tlie genei‘al rule, are here 
fomnl in the upper epiderm alone. 

examination of the foregoing strnctnies is attended with 
veiy little difficulty. Many epidenns may be torn off, by the exer- 
cise of a little dexterity, frr)ni the surfaces of the leaves they 
invest without any preparation; tins is especially the case with 
monocotyledons geiKU'ally, llie \(*ins of whose leaves run j)arallel, 
and with such dieot vh'dons ns liavr very little woody structure in 
their leaves. In thosi*. on the ollua' liaml, whose l(*a\(‘s are lui’nislK'd 
with reticulat t‘d xadns t-o which the epiderm adheres (as is the case in 
by far the laigm* pioportion), this can only be (kdaclied by first 
jnaci ‘rating the leaf for a few days in water; and if their texture 
is particularly firm, the addition of a few drops of nitric acid to 
ih(‘ water will iM'udt'r th(‘ir epid(‘rms more (‘asily s(‘paral>le. Epi- 
<lei nis nia) l»e advanlageousl\ mounted either in weak spirit or in 
glycerin-jelly. Very good sections of most leaves maybe made by 
a sharp knife, handled by a careful manipulator; but it is generally 
jmd’erable to use the microtome, |>lacing l lu' l(‘af l)etween two pieces 
eitlH‘r of very soft cork or of <‘Id«‘r-pith (M* c;irrot, or imbedding it in 
|)aia(lin. In ord(‘r to study tli(‘ sti iicturi* of h'avi's with th(‘ 1‘ulness 
that is fK'eded for scieiitilic res(‘arch. niinu'i’ous sect-ions should 1h‘ 
made in difii'n'Hl directions, and slic(*s taken parallel to the sui*fa(;es 
at different distances t'rom tla/in should also Ix' examined. There' is 
no known medium in which such sc'ctions can be pi eserved altogether 
without, chiinge; but some one of th(‘ methods formerly described 
will geiK'rally b(‘ found to answiM* sufficiently well. 

Flowers. — ManN small llownrs. wlien looked at entire with a low 


magnifying power, are very striking mici-oscopic obj(‘cts ; and the 
interest of the young in such observations can scarc(‘ly Im* better 



excited than by directing their 
attention to the new view they 
thus ac([uire of the ‘composite’ 
natui-e of the humble down- 
trodden daisy, or to the beauty 
of the minute blossoms of many 
of those umbellifeimis plants 
which aie commonly regarded 
only as rank w(‘eds. The 
scientific microscojast, how- 
e\(‘r, looks nior(‘ to 1 h(‘ o]*gani- 
.satioii of the s(‘parate |)arts of 
the flower; and among tliese 


rclnjujn/auni. finds abundant sourcM's ()f 


gratification, not nu'cely to his 
lovi‘ of knowhxlge. but also to his taste for the beaiitiful. 'riie genei‘al 


structure of i he srpals and prlah. which constitute the perianth^ or 
floi'al (‘n\ (‘lope, closely eori-csponds to that of leaves. The petals 
seddom conlain unchang<‘d chloi-ophyll ; but usually (‘itlu'i- tla^ 
chloiophyll in tlu‘ jxdals (.and sona't.inu's .also in tla' sicp.als) is 
chaiiged into a solid y»‘llow pigment, (carnGa) ; or tlu' chloi‘oph\'ll 
has (aitindy dis.a])pe,a red, ami is ri'plaeed by a pignamt, bhuv rtal,' 
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purple, or some other bright colour, antfmcyan^ ertfthrophyll, 
dissolved in the cell-sap. There are some petals whose cells exhibit 
very interesting peculiarities, either of form or marking, in addition 
to their distinctive coloration ; such are those of the Pelargonittm, 
of which a small portion is represented in fig. 564. The different 
portions of this petal — when it has been dried after stripping it of 
its epiderm, immersed for an hour or two in oil of turpentine, and 
then mounted in Canada balsam — exhibit a most beautiful variety 
of vivid coloration, which is seen to exist chiefly in the thickened 
partitions of the cells ; whilst the surface of eacli cell presents a 
very curious opaque spot with numerous diverging prolongations. 
This method of preparation, however, <loes not give a true idea of 
the structure of the cells ; for each of them has a peculiar mammil- 
lary protuberance, the base of which is surrounded by hairs ; and 
this it is which gives the velvety appearance to the surface of the 
petal, and which, when altered by drying and compression, occji- 
sions the peculiar spots represented in fig. 564. Their real character 
may be brought into view by Dr. Inman’s method, Avhich consists 
in drying the petal (wlien sti*ipj>ed of its epidei ni) on a slip of glass, 
to which it adheres, and then placing on it a little Canada balsjim 
diluted with turpentine, which is to be boiled for an instant over 
the spirit lamp, aftcu* which it is to be covered with a thin glass. 
The boiling ‘ blisters ’ it, but docs not remove the colour; and on 
examination many of the cells will be found showing the mammilla 
veiy distinctly, with a score of hairs surrounding its base, eatli of 
these slightly curve<l, and pointing towards the apex of the mammilla. 
The petal of the commoTi sciU'let j)impernel ( J nagallis 
that of the common chick weed {Stellaria media), together with many 
others of a smtdl and delicate character, aic also very beautiful 
microscopic objects; and the two just named are peculiarly favoiu*- 
able subjects for the examination of thespii al vessels in their natural 
position. For the ‘ veins ’ which tia, verse these* jietals are entirely 
made up of spiral vessels, none of which individually attain any 
great length, but one follows or takes the place* of anotlau*, the 
conical commencement of each somewhat overlapping the like termi- 
nation of its predecessor; and where the ‘veins’ seem to branch, 
this does not happen by the bifurcation of a spiral vessel but by 
the ‘ splicing on ’ (so to speak) of one to the side of another, oi‘ of 
two new vessels diverging from each other to the end of that which 
formed the princijial vein. 

The Anthers and Pollen-grains also present numerous objects of 
great interest, both to the scientific botanist and to the amateur 
microscopist. In the first place, they aftbrd a good opportunity of 
studying that form of ‘ free-cell-formation ’ which seems peculiar to 
the parts concerned in the reproductive process, and which consists 
in the development of new cel I- walls round a numbei’ of isolated 
masses of protoplasm forming parts of the contents of a pai-ent 
cell, so that the new cells lie free within its cjivity, instead of being 
formed by its subdivision, as in the ordinary method of multiplica- 
tion. If the anther be examined by thin sections at an early stage 
of its development within the young fiower-bud, it will be found to 
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be made up of ordinary cellular parenchyme in which no peculiarity 
anywhere ehowH itself ; but a grmlual differentiation speedily takes 
places, consisting in the development of a set of very large cells in 
two vertical rows, which occupy the place of the loeidi or ‘ p<)llen- 
chanibers ’ that uftei wards present themselves ; and these cells give 
origin to the iK>lleu-grains, whilst the ordinary parenchyme remains 
to form the walls of tlie pollen-chambers. The pollen-grains* are 
formed within ‘ mother-cells,' the endoplasm of esich breaking up 
into foui* segments. These la^come invested by a double envelope, a 
firm extute^ and a thin hdifie; and they are set free, when mature, 
by the bui'sting of the pollen-ehaml>ers. It is not a little cuiious 
that the layer of cells which lines the pollen-chambers should exhibit, 
in a considera bh; proportion of plants, a strong resemblance in struc- 
ture, though not in form, to tla^ elaters of M archantia (fig, 506). 
For th(‘y have in their interior a fibrous dept)sit, which sometimes 
forms a continuous spiral (likt* that in 6g. 552), as in Narcissus and 
/f// 08 cyamu 8 ; but it is often broken up, as it wtu'e, into rings, as in 
the Iris and Ijyacinth ; in many instances it forms an irregular 
network, as in the* violet and saxifrage; in other c-Jises again, a 
set of interr upted arches, the fibi*es being ileficient on one side, as in 
the yellow watei‘-lily, br yony, pi*imrose, An*. ; whilst a very peculiar 
stellate aspect is often given to these cells by the convergence of the 
iriterrrrpted fibi*es towar ds one [K)int of the ci‘ll-wall, as in the cactus, 
gei*anium, maddm*, and many other* well-known plants. Various 
intermediate modifications exist; and the j>ar*ticular form presented 
often varies in difier*ent parts of tin* wall of one and the sanre antlrcu*. 
It seems probable that, as in lle[)atica‘, the elasticity of these spiijd 
cells may have some shar*e in the trjrening of the pollen-chamlxus and 
in the dispersion of the pollen-graiirs. 

The form of the polhm-grarns seems to depend in par t upon the 
mode of division of the cavity of the parent cell into quarters ; 
generally speakiirg, it approaches the spher*oidal, birt it is ver y often 
elliptic^il, and sometimes tetrahedral. It varies more, however*, 
when the pollen is dry than when it is moist ; for the effect of the 
imbibition of firrid, which irsrrally takes place when the [K)llen is 
placed in contact with it, is to soften down angularities, and to 
br ing the cell nearer* to the typicurl sphere. The extine, or* outer 
coat of the pollen-grain, often exhibits very cui ious markings, which 
seem due to an iiicreiused thickening at some points and a thinning 
away at othei’s. Sometimes these inai kings give to the sui-fece layer 
so close a resemblance to a stratum of cells (fig. 565, B, C, D) that 
only a very careful examination can detect the difference. The 
roughening of the surface by spines or knobby protulrerances, as 
shown at A, is a very common featiu’e ; and this seems to enable 
the pollen -gi*ai ns move readily to hold to the surjBice whei'eon they 
may be cast. Besides these and other inequalities of the surfewie, 
most poUen-grains have what appear to be pores or slits in their 
extine (varying in number in different species), through which the 
intine protrudes itself as a tube, when the bulk of its contents has 
been increased by imbibition. It seems probable, however, that the 
extine is not absolutely deficient at these points, but is only thinned 
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awav Sometimes tln' povfs arr c-(»\ r I ril 1»\ littU* «li^(‘-likt‘ |'U‘ct'> <a* 
li<K, w hieh fall ofi* \s lu'U tiu* jKnlf tt tff/>r i'. prot viahal 'I'lu-s artmu 
tiikes plac*<‘ iiatiiralK \\lu*ii th<‘ polloii-Lii ain-> tall upon tlu' nui (’,u’(‘ of 
the stigiii.i, whuli i'> luoi'stoiUMl witli a \ i-Ni'id soi-rotion, and the 
polleil-tlll)<‘>. at lirst iuei(‘ pi ot i U''ionN ol' t In* iniiei' I'oat oT t hoi i- eoll, 
insinuatilit; th(un.selves hot u »'on t ho loovt^K packo<l oi'll- (»1 t 1 m‘ ^> 1 li^nia, 
grow dou n\\ ai «K t hrouirh t ho M \ It*, M»niot nno'- i‘\ on to tin* hni^tli of* 
several iiioh*"-. until tht*\ itM(‘li tlioo\ai \ 'fho tiist oh.iniit', n.mit'K 
theprotiaisioii of tin* iiiiu*r nn‘nd)i aiiothi oii^h 1 lu* jioi t"- ol't ho oxft'iioi , 
may he made to take plaot* artilh*ial]\ h\ nioi*-t oiuni: the polh'ii 
with water, thin ^M up. oi tlilutt* aoitk (thflou nf kiinls of polh‘ii- 
gmins requiring tliflouMit niodt's of iHMtinont), Ind tin* suh^Mpnait 
extension by growth will tnd\ takt* plaoo und»‘r tin* natuial con 
ditioiis. By tioatiiii^ Minn* j>ollon <>in^. a*- thoNo of LtUum 
jap07iicum, L. rithrnni, or y>. (nnudtnn , witli llit* \ I'-oid litpdd ahun 
dantly secreted by the stigma, 

not only may the extrusion ^ * 

and lengtheningof the pollen - 
tubes be watoli(*d, but tin* 
grains with thoir o\tiud<*d 
tubes inaybopre.Nerv (*d almost 
unchanged by mounting in 
this liquid. 

The darker kinds of pollen 

may be gmierallv rendered o -d 

transpirenl 1>\ nioiinlmi^ in 
Canada balsam, oi . if it In* 
dt‘sin‘d to avoid tin* ns(‘ df* 
beat, in the ben/ol solution l 
of Canada balsam, set, ting 
asid<‘ 1 ho vhdo for a time in 
a warm plaoo For the less 

<,|,;u|uv |,oll,.iis tho „r 

Sfihdloll is juoforahlo. M'ho ilu.lh lux lo . W, ('>>!>« ,I s. <ni,l< ns 

more delicate jiolleiis, how- (uuiltn. \). l inm,,, ,< f,n , i>n , < u 

ever, become too transparent 

in either of these* nn*dia ; and it consoepiont 1\ piof’oiahh* t(» mould, 
them either dry, n I (iftho\ ud! Immo it wdliout niptmua;) in lliinl. 
Tlie most interestini: foiius :iro foiii'd. foi tie* mo'-t part, in j»laids 
of the orders Amavu / '/oZ/o/veou/e , i ' ttrii rfutfKUit, 

tiiid raH6(j1(n'Pi*' \ others aio fni nishe<l also hy ( *o,n olrtfht.s^ (am 
panillaj (K in>tjn‘r<t . r(fOin urn (geranium), Pi>l;i<fnn k m . Snluni. .ind 

many other plants. It i.^ fre<{uently pi-of(‘ral)h‘ to la\ <lowii t ho^ 
entire author, wdh its adherent pollen-grains (whoio those aio ot 
a kind that hold to it), as :ui opaque objoot : this ma\ ho done wdli 
gloat ad\antag«‘ in the (mm* of the oommon mallow ( 
rcstri,s) or of tlie liollylax-k the* aiitliors hom;^ piokod 

soon after they have opened, w hi lsi .i lai go |>ropoi t ion ot tlioii pollen 
is yet undis<*hartred, and laul down as lint a-^ possilile, before* 
they ha\<‘ lu'guii to withoi. I»o1woon two pioc**'. ol smooth blotting- 
paper, then subjected to modeiate* pi o'^-^m < , aiid tihalls mounted 
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upon a black surfiwje. They are then, when properly illuininateil, 
most beautiful objects for objectives of 1-, 1^-, or 2-in. focus, 
especjially with the bin<K*uhu* microscope.^ 

There are, in fact, few more interesting objects for tlie young 
microscojjist than pollen-grains, lioth from the ease with which they 
can always l>e procured, and the almost infinite variety and l)t*aiity 
in their forms. Home of the commonest weeds, such as the dandelion 
and groundsel, are distingui.shed bythei)eauty of their pollen-grains. 
The grains are sometimes m^arly or quite sjdieric^il, as in the hazel, 
birch, or poplar ; or of very irregular outIint% as in many grasses. 
But the most common form is elliptical, witli three or five longi- 
tudinal furrows, as in the wallllower, hyacinth, mal crocus, the 
surface being sometimes covered vvitli warts, as in the snow«lrop. 
Tn the fuchsia thiiy are triaiigulai-. In addition to the mallow ami 
hollyhock, spiny pollen-grains <H‘ciir in tla‘ gioundsel, damhdion, 
Cimraria, and many otlnu* [ilaiits. Sometimes the grains are united 
togetlau’ hy (Udicah* threads, as in tlu‘ and Fn':Jtsict ; 

and this union is much more eoinphdi^ in the i)rch'i(l(*<r 'a\\(\ Ascle- 
piadem^ wliere tla^ whole of tin* polhui in each anther-lohe is glued 
together hy a visei<l su])stanee iutoa elub-sliaped poUlnhut*^ or pollen- 
mass. In what aT'(‘ calhid anpinophilous llowers, in which the ])ollen 
is carried through t.lu^ air by the agency of 1h(‘ wind, the grains are 
small, light, dry, and usually spluu-ieal ; while in Puionioph 'dmiH 
llowers, the pollen of which is carried from flower to llowor hy 
insects in sejirch of liouey, the \%arious forms above described, and 
many others, a.rt^ a, da-pled to cause the grains to ail heie to the bairv 
under si»lo of tl\e Ixxly of th(‘ insect, and thus promote their dis- 
persion. The v^arious spcxdes of Kp'doh'mm (willow-herb) and 
iEnotfiera (tjvoiiing [ndnirosi*) ar<» very favourablt* obj(*ets for ob- 
serving tln< muissioii of polh*n-iubes ami tludr entrance into the 
stigma. 

Tlie structure and (h‘V(*lo])ment of the ovideii that are produced 
within the ovary at tlie hast* of tlie pistil, and tin* operation in which 
their fertilisation essentially consists, are subje(‘ts of investigation 
which have a peculitir interest for scientific botanists, hut wdiich, in 
consequence of the special difiicnlties that attend the impiiry, are 
not cvMumonly regardetl as within tlie province of ordinary micro- 
scopists. Some genend instructions, however, may prove useful to 
such as would like to inform themselves as to the mode in which the 
generative function is pt*rformed in phanerogams, lii tracing the 
[irigin and early history of the ovule, very thin sections sliould be made 
bhrough the flower-bud, both v'ertically and trails vei-sely ; but wdieii 
fche ovule is large and distinct enough to he separately examined, it 
should be placed on the thumb-nail of the left hand, ami very thin 

' It sometimes happens that when the pollen of pines or firs is set free, lar^e 
quantities of it are carried by the wind to a great distance from the woods and 
plantations in which it has been produced, and are deposited as a fine yellow' dust, 
JO strongly resembling sulphur as to be easily mistaken for it. This (supposed) 
general diffusion of sulphur (such as occurred in the neighbourhood of Windsor 
in 1879) has frightened ignorant rustics into the belief that the ‘ end of the world’ 
ivas at hand. Its true nature is at once revealed by placing a few grains of it under 
the mio^Bcope. 
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middle ; that of Amarcmihm hypochondriacua has its traced 

with extremely delicate markings (B); that of AfUirrhinum is 
strangely irregular in shape (C), and looks almost like a piece of 
furnace-slag ; and those of many Bignoniacece are remarkable for the 
l)eautiful radiated structure of the ti*anslucent membrane which 
sun’ounds them (E). This structure is extremely well seen in 
the seed of Bccremoca^ptis acaber, a half-hardy climbing plant 
conunou in our gardens ; and when its membranous ‘ wing * is 
examined under a sufficient magnifying jwwer, it is found to be 
formed by an extraordinaiy elongation of the cells of the seed-coat 
at the margin of the seed ; the side- walls of which cells (those, 
namely, which lie in conLict with one another) being thickened so as 
to form radiating ribs for the suppoit of the wing, whilst the front 
and Iwick walls (which constitute its membranous surface) retain their 
original transparence, and are marke<l only with an indicjition of 
spiral deposit in their interior. In the seed of Dictyoloina periivimmy 
besides the principal ‘ wing ’ prolong(}d from the edge of the seed- 
cojit, there is a series of successively smaller wings, whose margins 
form concentric rings over either surface of the seed ; and all these 
wings are formed of mdiating fibres only, composed, as in the pre- 
ceding case, of the thickened walls of adjacent cells, the intervening 
memlmine, originally formed by the front and hack walls of these 
(tells, having disappeared, apparently in consecpiemie of being un- 
supported by any secondary depcxsit. Several other seeds, as those 
of SphPiiogyu^ apeciosa and LophoapennKin erubescpita^ possess wing- 
like a[>pendages : bnt the most i-emarkahle development of these 
organs is sai(l by Mr. Quokett to exist in a seed of Calosa nthfs 
indica^ an East Indian plant, in which the wing extends more than 
an inch on either side of the seed. Some seeds are distinguished by 
a peculiarity of form which, although readily discernible by the 
naked eye, becomes mu(;h more striking when they are viewed under 
a very low magnifying power. This is the case, for example, with 
the seeds of the carrot, whose long mdiating prcxiesses make it l)ear, 
under the micrascope, no trifling resemblance to some kinds of sttir- 
fish ; and with those of Cymithiia mhm% which bear alxnit the sjime. 
degree of resemblance to shaving-brushes. In addition to the pre- 
ceding, the following may be mentioned as seeds easily to he 
obtained and as worth mounting for opique objects : — nagallts, 
Anethum graveolena^ Began lay Carum Coreopsis tinctoriay 

Dataray Delphinium , Digitalis^ KlatinSy EricOy Centianay Gesim^ay 
HyoscnfainaSy Ilypericinriy Lepidiinn, Llmnocharisy Linaria, Lychnisy 
Mesemhryantkemimy Nicotianay Origanmn onitesy Oi'obanchey Petunia^ 
ReaedUy Baxifraga, Scrophxdariay Seduniy Sempefi^vivuniy SilenSy 
Stellar itty Symphytum asperrimumy and Verbena, The following 
may be mounted as tninsparent objects in Canada balsam : 
Dro8m*ay Hydrangea, Monotropa, Orchis, Parnassia, Pyrola, Saxi- 
fraga,^ The see(is of umbelliferous plants geneiully are remarkable 
for the pe(;uliar vittae, or receptacles for essential oil, which are 
found in the closely applied i^ericarp or seed-vessel which encloses. 


A part of these lists have been derived from the Micrographic dictionary. 
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CHAPTER XII 

MICliOSCOriO FOliMS OF ANIMAL LIFE-PROTOZOA 

Passing on, now, to the Animal Kingdom, we begin by directing 
our iitteution to those minute and simple foims which correspond in 
the animal scries with the Proioiilujta in the vegetable (Chap. VIII.) ; 
and this is the moi e desir’able since the formation of a distinct group 
to which th(i name of Protozoa (first j>roposed in this sense by 
Hiebold) may be appropriately given is one of the most interesting 
results of microscopic iiiciuiry. Tins group, which must be phu*ed at 
the very base of the animal scale, is chai’jicteristal by the apparent 
simplicity that prevails in the structure of the beings that compose 
it, the lowest of them being single protoplasmic particles or ‘jelly- 
B[)eckH,' whilst even among the highest, however numerous their 
units maybe, these are \\\\\vi\\^ proUyphpte^ mere repetitions of one 
ailother, each capiible of maintiiining an independent existence. In 
this there is a very curious and significant parallelism to the earliest 
embryonic stage ofliigher animals; for the fertilised germ of any one 
of those first shapes itself as a single cell, and then, by re2>eated binary 
subdivisions, develops itself into a morula or ‘ mulberry-mass * of 
cells, corresponding to the ‘ multicellular ’ organisms met with 
among the higher Protozoji. There is, so far, in neither case any 
sign of that ‘ diflerentiation ^ of organs which is characteristic of the 
higher animtds ; but whilst, in the Protozodn, each cell is not merely 
similar to its fellows, but is independent of tliem, the moruluy in 
such iis go on to a higher stage, becomes the subject of a series of 
developmentiil changes tending to the production of a single whole, 
whose pirts are mutually dependent. The first of these changes is 
its conversion into a gastrula oi- primitive stomach, whose wall is 
fonned of a double membrane, the outer lamella, or ectoderm,^ 
being derived directly from the external cell-layer of the morula 
whilst the inner, or endoderm, is formed by the ‘ invagination ^ of 
that layer into the space left void by the dissolution of the centnd 
cells of the * morula.^ This gaatrula-stage,^ as we shall see hereafter, 
remains permanent in the great group of Coelentera, though the 
endoderm and ectoderm are sepirated from each other in its higher 
forms by the development of genemtive and other organs between 

^ The terms e^iblast and hypoblast are generally used by English embryologists 
ill place of the * ectoderm * and * endoderm’ used here. 

^ The ga9trula-8tage is in a number of cases brought about by a concentric split- 
ting of the walls of the morula into two layers, and by the appearance at one point 
of an orifice which leads into the central cavity ; this cavity is me original segmenta- 
tion cavity of the morula, and not a fresh cavity, as in * invaginate gastnUas.* 
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tliem. But in all classes above the coelentemtes the primitive 
stomach foimis a part, and often only an insignificant paiii, of the 
whole digestive tract. Thus the whole animal kingdom may be 
divided, in the first place, into the Protozoa, which are either single 
cells or aggregates of .similar cells corresponding to the rnorula- 
st^ige of higher types ; and the Metazoa, in which the morula takes 
on the condition of an individualised organism, the life of every part 
of which contributes to the geneml life of the whole. Putting this 
iiii|M)rtant truth into other wonls, we may say of the Protozoa that 
they are either unicellular or unicellular aggregates, while the 
Metazoa are multicell ulai*, and their constituent cells have different 
functions. 

The lowest of the Protozoa, however, like the simplest proto- 
pliytes, do not even attain the iiink of a true cell, undersi^anding 
by that designation a definite })rotoplasmic unit (^plastid), which is 
limited by a cell- wall, and contains a ‘ nucleus.’ For they consist 
of particles of piotoplasm, termed ‘cytodes,’ of indefinite extent, 
which liave neitlier cell-wall nor nucleus, but which yet take in and 
<ligest food, convert it into the material of their ownliodies, ctist o\it 
the indigestible poitions, and repriMluce their kind, with the regu- 
larity and completeness that we have been accustomcMl to regard 
a.s characteristic of higher animals. With regard, however, to this 
apparent absence of a nucleus we have to bear in mind that the 
progress of research is continually diminishing the number of forms 
devoid of a nucleus, or, at any rate, of a nuclear material sciittered 
throughout the substance of the phistid ; in retaining, therefore, the 
group of non -nucleated Protozoa we are acting on the principle of 
not going beyond oui* evidence, and by no means i*efiecting on the 
latei* systematists who have merged the various types (whether 
nucleated or non-nucleated) among other divisions of the Protozoa. 
B(*tween some of these Monerozoa (as they have been designated’ 
by Professor Haeckel, who fii*st drew attention to them) and the 
M ijxomycete,8 oi* the (Jhlamydortiyxa already desciibed, no definite 
line of division can be drawn, the only justification for the separa- 
tion here adopted being that the alfinities of the former seem to 
he rather with the lowe.st forms of vegetation, whilst the whole 
life-history of the types now to be described, and the connected 
graduation by which they pass into undoubted rhizo|)ods, leave no 
doubt of their claim to a place in the animal kingdom. 


Monerozoa. 

A characteristic example of this lowest protozoic type is presented 
by the Protomyxa aurantiaca (fig. 567), a marine ‘moner’ of an 
omnge-red colour, found by Professor Haeckel upon the dead shells of 
Spirula which are so abundant on the shores of the Canary Islands. 
In its active state it has the stellar form shown at F, its arborescent 
extensions dividing and inosculating so as to form a constantly 
changing network of protoplasmic threads, along which stream in all 
directions orange-red granules, obviously belonging to the body 
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itself, t Ihm' will) foi-i-ieii ore;inisins (/>. e) sueli its iii:irine(liMt(>nis. 
ijuliol.irijiiis, and infusoria — vvideli, having Ix-eii ent lajjped in the 
psendopixlial net uoi-h. are carried l»y the protoplasmic sti’eam into 
thecent ral mass, where 1 he nut rient matter of their bfxlie.s is extracted, 
the hard slo'letons Ixdng <‘ast out. Neither nuel«‘ns no)- contractile 
vesicle is to he di>cerned, l)ut numerous float ing and inconstant vacu- 
oh‘s {(t) ai-e dispei sed through the sulastanee of the hod\ . A (Yer a time 
the curi-(‘)ds Ix'come slower; tlie I'aiiiilied extensions are gi-a<lually 



Fin. 5(57. — Protonujxa <n( raKti(tr(i : A, encyrtted atatospore ; B, iuci- 
])ipnt formation of awarm-aporea, shown at C escaping from the cyst, 
ait I) Kwimming freely by their flagellate appendages, and at E creep- 
ing in the amoeboid condition; F, Killy developed reticulate organism, 
sliowintr numerous vacuoles, n, and captured prey, 6, c, 

di awn inwar<ls ; and, aftei- eject ing any iiuligestible pai tieles it may 
still inelnde, tin* haxly tak<‘s the foi’in of an oraiige-nMl sphei'O round 
yhieh a e\'st s(x»n forms itsidf, as shown in A. .\ftei- a pm-iiul of 
<pii(‘S(*('nee the pi-<)t<>j)l.asmie suhstanee leti-eats fi-o)n the inpu’ior of 
the cyst, and hi-t'aks up into a number of small spher«\s(J>), which, at 
tirst in;n‘tiy«‘. soon begin to moye within the cy.st, and change their 
shapi- to that of a pear with tht‘ small end drawn out to a jioint. 
'flic cyst t hen hui’sts, ami the i-ed p»ear shaped bodies issue forth 
into the watiu- (0), moving freely about by the vibrations 
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fonin‘<] l>y the tlijiwing out of tlu'ir Munli eu(]s, jii^t ;is tin tIu* 
finyM'llatnh /.nttspnlr.v t >t ] >!•( )t o| >hy t es. 'Thnsc h<ulie>.. Iteiiio williniit 
tl’jut' nt' eitluM’ iiiU‘I(‘Us. enntvMetih* \osicln. ni- enll wall, ale In l)t‘ 
l‘(‘iiai (leil a> jtartii'les of siiujile h«>iMo«ri‘n( ous |)n>to|tlasU). towln'eli 
the tloi^iiat inii jihist n! fijrs has htaai n)i])i-(t|)iiat ely gixeii. At’lt'r 
aliout a (lay llu* inntiniis nt asn ; tlie tla^-ella an‘ tlrawu in, and th(‘ 
phustidules take tlu^ thi-in and h*ad the ht’(‘ nf A//((th(/\ jaittini: idrth 
inconstant psendn|>odial prnet'sse.s. and (‘niinltinir niilrient paitieles 
in th«‘iv suhstaiien ( I >). 'I'wo or nau t' of tliost' anio'l)if‘oi in hoditvs 
unite to lorni a ‘ ]>lasunMhnni, as in t]u‘ M ff.rom i/ct lts \ its |i.stanln- 
jxidial extensions siuid out hninehes wldeli inoseulat(‘ to lonn a imt 



FlO. 6(J8. — 1 ’(! tn pill I’ll (t spl n>i//fi(f\ ji- ^ttii ;t t A . siukiiij.n ml « mi teat ^ 
of Sj)ir()(/!/i'a-v('\\; td li in t-nt-ysUMl tli(‘c>sl a 

l^ranuliir prttfoj'ljisni /> ; at- (', tlivisitm of ('oMtoiiis of t ysl into 
tetninpores, of wliicli ono is rs< a|Miig in tin* luno biuil t ontiition 
to develop itself into the tidult foim sliMwn at D. 

work; and tlie hodv ^roxvs. hv the in^'’estinn of nutriuMMit, to th<‘ 
siz(‘ of’ t h«‘ oi'iirinal. In t his eyel<‘ of’ eliantie t liere >nenis no ini er \ nii- 
tion ol’a i^cinaat i\ (‘ act. the eoal(‘S(‘enee < it t h(‘ aiineliitorin [ilast iduN'S 
liaxinir none nf tin* eiiaraeteis (»f a true ‘conjugation/ Ilut it is hy 
no means iniprohahlc that afttu- a Inii^'' enurst* of imdt 1 plication l>y 
suecf'ssixe suhdisisions some kind of eonjn^nit ion may intcrx ene. 

Anotlier very interestinfc ‘ inoneric ’ type is the Vcnr\ ityreila^ 
of which one form (fig. 568 ) has long been knoun in its encysted 
eondit ion as a rninnte hri<*k -red sjiliere attaelied to the iilaments of 
tin* eonjngati* Sp'i rdtji/rd \ whilst anotln*!* (tig. dOh) similarly 
ilttaelics itself tn the Inaiieln s ot ( Ann pjimn' nui, 'flic walls of the; 
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cysts are composed of two membranes, of which the interior gives 
the characteristic reaction of cellulose, whilst the softer external 
layer is nitrogenous. After remaining some time in the quiescent 
condition the encysted j)r<)toplasin breaks up into two or four 
‘ tetraj3pc)reH ' (fig. 569, h, d) ; these e.s<^pe by openings in the cyst 
(fig. 568, 0), and soon take the sphericid form, emitting veiy slender 
pseudopodial filaments (figs. 568, 1), 569, e) like those of an Actino- 
phrys^ imt possessing neither nucleus nor contractile vesicle. In this 
condition they show great activity, moving about in search of the 
special nutriment tliey require, drawing themselves out in strings 
and fine filaments which teai* asunder and again unite to send off 
blanches and form fine fan-like expansions, and these occasionally 
contnwjting again into minute .spheres. When the V. spirogyrcp is 
watched in water containing .some filaments of Spirogyra^ it may be 
seen to wander until it meets one of the.se filaments, to which, if it 
b(^ healthy and loaded with chloi'ophyll, it attaches itself. It soon 
begins to ^lerforate the widl of the filament ; and when the interior 
of this has been reached, its en<lo])lasm, caiTying with it the chloro- 
phyll-granides it includes, {)iis.ses slowly into the Ixsly of the Vain- 
pyrftlla. In this manner cell aftei* cell is emptied of its contents ; 
and the plunderer, .satiated with food, resumes its quiescent spherical 
form to dige.st it. The chlorophyll-gmnules which it has ingested 
become difiu.sed through the bo(ly, but grmhially cea.se to be di.stin- 
guishable, the protoplasmic mass lussuming a brick-red colour. The 
first layer it exudes to form its cy.st is the outer or nitrogenous invest- 
ment, within which the cellulo.se layer is afterwards formed. The V. 
gomphonematia in like manner creeps over the stems and bmnches of 
the Gomphonema (fig. 569, «), adapting itself to the form of its sup- 
})ort ; and as soon as it has reached one of the terminal siliceous cells 
of the diatom, it extends itself over it so jus completely to envelop 
the cell in a thin layer of protoplasm. Prom the sui’face of this jt 
number of fine pseudopodia mdiate into the surroumling water (/) ; 
whilst another jKirtion of the protoplasm finds its w^ay between the 
two siliceous valves into the interior, and appropriates its contents. 
The valves, when emptied, break oft’ from tlieir support, and are cast 
out of the bcniy of the Vampyrella^ which soon proceeds to another 
Gompho7ie'tna<',^}\ and plunders it in the stune manner. After thus 
ingesting the nutriment furnished by seveiul cells, and acquiring its 
full size, it pas.ses, like V, apirogyrce, into the encysted condition, 
to recommence — after a period of quiescence — the same cycle of 
cluinge. Mr. Bolton discovered near Birmingham, and Professoi* Ray 
Lankester described, a foiiii allied to Vampyrella — Archerina Boltoni 
— which is remarkable for being chlorophyllogenous ; this species 
presents another interesting peculiarity : — ‘ Groups of ghost-like 
outlines corresponding to chlorophyll- corpuscles and their radiant 
filamentous pseudopoaia, entirely devoid of any substance,’ were 
observed, and were compared to the numerous cellulose chambers 
which are secreted and abandoned by the protoplasm of Ghlamy- 
dpmyxa, 

^ Intermediate between the foregoing and the ‘ reticularian ’ rhizo- 
pods to be presently described, is another simple protozoon dis- 
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(•()vt‘ro<l in |h)ih1s in (uMiniiny In M M . ( ’];i| ari'‘<lf ;«iul Lacliinann. 
aial naiiK'd 1)V tliriu Lt< Jn rLtn h n m II </</(///•/•/. ' I’lu' nlioh^ sul) 
staiuT ol' tlu' ])(i<ly nt* tins animal and iT> j^midopodial r\t I'lisions 
(lig. r)7V>) is rom|>(»»Ml ot' a homo^-rnnons. m-iiu Iluid. ijaanular pintn 
plasm, tin* paitirlrs ot* wliirli, wlmn tlu* animal is in a ,-«ta1o of 
activity, art* continnally ptM tdrmini^ a oircnlatoi v moM'im'nt, wluoli 
may be likoiUMl to thi* rotat i(m of the pai-liclos in iho jtn»1oj>lasnnc 



Fl(i. 669. \ ti )ii iiijrt’lld /ildjftrma f is : A, c olo)iy of 

GotnjihoucnKt utfiu kfMl l»y l inujiiirflla \ //, f‘ncyhU!d state; 
fe, 6, cysts wit)) <•( iitfiit.s )i)* akin;.^ iipiiito tetrasi>oreB, flf, flf, 
seen escaping at » : at / is sliowu u \'(nn.pyr<‘lla sucking out 
contents of (Joniphourt/id tin* frustules of 

which, (jr, //, are cast forth. B, isolalrd Vn m piii rHn creeping 
about by its extended pseudopodia. 

notwork within the cell of a Tradescantia. Itisa markr-d pecail iai’ity 
of tla‘ |»end< »)M)dial oxtoii.sion of this type that it does not take place 
l>y cadiatioii from all pails ol’ tin* Ixsly indifferently, hut that it 

* Etudrs sd r les Iii/ifsoirrs rf leg lihizopodeSy Geneva, 1858-1861. The ut iful 
figure of Lichrrlxiitdniid , given )>y M. Claparede, has been reproduced by tie* Autlax- 
in Plate 1. of his Introihfrtion to the Stuihj of the Forttmlni/rra, 
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proceeds entirely from a of tinink that soon divides into branches 
which again speedily multiply by fui-ther subdivision, until at last 
a multitude of finer and yet finer threads ai*e spun out by whose 
continual inosculations a complicated neiwoi*k is produced, which 
may be likened to an animated spidei-'s web. The protoplasm is 
invested in a veiy delicate and closely applied envelope. Any small 
alimentary particles that may come into contact with the glutinous 
suifoce of the pseudojxxlui are retained in adhesion by it, and 
speedily pai-take of the general movement going on in their sub- 
stance. This movement take.s place in two principal directions — 
fi'om the bfxly towards the exti*‘initie.s of the pseudopodia, and from 

these extremities back to the 
hcxly again. In the larger 
branches a double current may 
be seen, two streams pa.ssing 
at the same time in op]X)site 
directions ; but in the finest 
filaments the current is single 
and a gi anule may be seen to 
move in one of them to its Very 
extremity, and then to return, 
j,)erhaps meeting and carrying 
back with it a granule that 
was seen advancing in the 
opposite direction. Even in 
the broader piocesses granules 
ju'e sometimes observed to come 
to a stand, to oscillate foi* a 
time, and then to take a reti*o- 
gi’ade course, a.s if they had 
been entangled in the opposing 
current, just as is often to be 
seen in Chara. When a granule 
arrives at a point where a fila- 
ment bifurcates, it is often arrested for a time, until drawn into one 
or the other current ; and when carried across one of the bridge- 
like connections into a different btuid, it not unfrequently meets a 
current pinceeding in the opposite dii'ection, and is thus carried back 
to the body without having pxxxjeeded very far from it. The 
pseudopodial network along which this ‘ cyclosis * takes place is con- 
tinually undergoing changes in its own arrangement, new filaments 
being put forth in different directions, sometimes from its margin, 
sometimes from the midst of its inmifications, whilst others are 
retracted. Not unfi*equently it happens that to a spot where two or 
more filaments have met, there is an afflux of the protoplasmic sub- 
stance that causes it to accumulate there as a sort of secondary centre, 
from which a new radiation of filamentous processes takes place. 
Occasionally the pseudopodia are entirely retracted, and all activity 
ceases ; so that the body presents the appearance of an inert lump. 
But if watched sufficiently long its activity is resumed, so that it 
may be presumed to have been previously satiated with food, which 
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is undergoing digestion during its stationary i^eriod. No encysting 
process has been noticed in Lieherk^t^hnia ; but Oienkowsky has dis- 
covered tlmt in L. paludoaa repi^xiuction is effected by a pix>cess of 
fission, which commences with the formation of a new pseudopodial 
stalk at the base of the animal, the envelojie being perfomted at this 
point. As the marine type of it occurs on our own coasts, the fresh- 
water type may vevy likely be found in our {Kuids, and either may 
be recommended as a most worihy object of careful study. 


Rhizopoda. 

We now arrive atthegroupof or ‘ root-footed ’ animals, 
tii*st established by Dujardin for the reception of the Amaha and its 
allies, which had been included by Professor Ehrenberg among his 
infiisory animalcules, but which Dujardin sepamted from them as 
being mere particles of sarcode (protoplasm), having neither the defi- 
nite body- wall nor the special mouth of the true It^fttsoriay but put- 
ting forth extensions {)f their sarcodic substance, which he termed 
pseivdopodia (or false feet), sei-ving alike iis instruments of locomotion 
and as preliensile organs for obtaining food. According to Dnjai-din’s 
definition of this group, the M(merozoay already described, would be 
included in it; but it seems on various grounds desirable to limit the 
ttuni Rhizopoda to those Protozoa in which the presen<‘e of a nuclemy 
the differentiation of an ectosarc (or firmer superficijil layer of proto- 
plasm) from the semi-fluid emlosarc, togethei* with the more definite 
form and l estricted size, indicate a distinct approach to the condition 
of true cells. Many different schemes for th<j chissification of the 
rhizo]K)ds have been proposed, but none of them can be regarded 
as entirely satisfactcny, our knowh'dge of the reproductive processes, 
and of other ini})ortant parts of the life-history of these creatures, 
l)eiug still extremely imperfect ; and as some parts of the scheme 
proposed by the Author many years ago,' based on the charficters of 
the pseudo|K)dial extensions, have been accepted by more recent 
.systematists, it seems best still to adhere to it. 

I. In the first division, Reticulariciy the ps(uidopodia freely 
minify and inosculate, so as to form a network, exactly as in Lieher- 
kaehniay from which they are di.stinguished by the jK)ssession of a 
nucleus and by the investment of their sarcodic bodies in a firm 
envelope. This is most commonly eithei* a calcareous shell of very 
definite shape, or a test built up of sand-grains or other minute 
pfirticles more or less firmly united by a calcareous cement exuded 
from the saiwdic body. These testaceous foims, which are exclu- 
sively marine, constitute the group of Foraminiferay whose special 
interest to the microscopist entitles it to sepamte consideration ; 
and it is only for convenience that two Reticularia which in- 
habit fresh water also, and the envelopes of whose bodies are 
usually membranous, are here separated from the Foraminifera (to 
wliich they properly belong) for description as types of the group. 
The Reticularia have little locomotive |K)wer, and only seem to 

* Natural History Retyiewy 1861, p. 466 ; and Introduction to the Study of the 
Foraminifera j 1862, chap. ii. 
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exercise it to find a suitable situation for their attachment, the 
capture of their food being effected by their pseudopfKlial net- 
work. 

II. The second division, consists of the i hizopods whose 

pseudopodia extend thoinselves as straight imliating jods, having 
little or no tendency to subdivide oi* ramify, though tliey are still 
sufficiently soft and homogenef)iis (at least in the lower types) to 
coalesce when they come into craitact with each other. These have 
usually (probably always) a conti-actile vesichi ius well jus a nucleus ; 
and the higher forms of them artJ characterised by the enclosure of 
symbiotic yellow corpuscles {zoocJdorellw) in the substance of their 
emlosarc. By far the lai’ger number of this group also have skeletons 
of mineral matter, which are always siUceoaa ; aial these are some- 
times perforated casings of great regularity of form, as in the 
marine Polyctfstina^ sf)m(*times internal fi-aineworks of marvellous 
symmetry, as in the marine Radiolaria. Tliese two groups, also, 
will be reserved for sp(»cial notice, the simph* Ueliozoa^ which 
are among the c/mimonest inhabitants of fresh water, furnish- 
ing ihe b<\st illustrations of the essential chai‘acters of the type. 
They seem, for the most part, to hav(‘ but little locomotive' j)owei*, 
caj>turing their pr(‘y by their extended pseudopodia. I'he tendency 
of modern wribu-sis to separate the Uellozoa here understood, into 
the two groups of Udiozoa (sens, .strict.) and Radiolaria, the latter 
being distinguished by th(^ presence of a c(*ntral caps\d(* or mass of 
protoplasm surrounded by a, sjM*cial (uivelope, the b(‘tt(‘r devtdop- 
numt of the sk(‘let()n, the greater tendency of the p.seudopodia to 
coalesce' with one another, and the not unfi*e(pient prc^scuice of ‘ yellow 
bodies.’ 

ill. The third group, Mmsa, contains tin* rhizopods whicli mo.st 
nearly a[)proa.ch the condition of true cells, in the diflei'entiation of 
their almost membranous ectosjuv and their almost liquid endosarc, 
and in the non-coalescence of their p.seudojxxlial extonsiojis, which, 
instead of being either thread-like or rod -like, are lohate, that is, 
irregular projections of the body, including both ectosjirc and endo- 
sarc, which are continually undergoing (hange both in form and 
number. The Lohosa are comparatively active in their liabits, moving 
freely about in search of food, which is still received into the .sub- 
stance of their bodies through any pai-t of their surface — unless this 
is BlKilosed in envelopes such as are formed by many of them, either 
by exudation from the surface of their bodies of some material 
(probably chitinou.s) which hardens into a membrane, or by aggre- 
gating and uniting grains of saml or other small solid j)ai'ticles, 
which they build up into ‘ tests.’ A large pi*oportion of them are 
inhabitiints of fresh water, and some are even found in damp 
eai'th. 

Retioularia* — This type is very chaiuctei istically represented by 
the genus Gromia (fig. 571), some of whose species are marine, and 
are found, like ordiiiaiy IWamhiiJera, among tufts of coi-allines, 
algie, Ac. ; whilst others inhabit fresh w^ater, adhering to Confervfe 
and other plants of running streams. It was in this type that the 
pi*esence of a nucleus, formerly supposed to be wanting in Reticnhiria 
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genet^ly, was first estixblished by l)r. Wallich. The sjueode-body 
of this animal is encased in jm egg-shaped, brownish-yellow, chitii\ons 
envelope, which may attain a diameter of from ,^^th to of an 
inch, looking to the naked eye so like the egg of a zoophyte or the 
seed of an acpiatic plant, that its real nature would not be suspected 

*1 * i * 1*1 rrw / . . • m * 




so long as it remained (piiescent. The ‘test’ has a single nnind 
orifice, from which, when 

the animal is in a stt\t.e i y 

of activity, the sarcodic Au \ y 

substance streams forth, \ am \ I / 

sj)eedily giving off ramify- \\ \K\ \ I / 

ing extensions, which, by Vm' \\\\\ i II 

further ramification and / 

inosculation, form a net- 
work like that of Lieber- 
kiiehnia. But the sjircode ^ 

also extends itself so as ^ 

to form a continuous 
layer over the whole ex- 

terior of tlie ‘test,’ and 

from any part of this 1 

layer fresh pseudopodia // //// lu\\\ 

may he given off. By 1 1 Y\\n!^ 

the alternate extension 

and contraction of these, //I | ^ \ 

minute protophytes and f / 11^ W \ 

protozoa are entrapped w If I / il l[ \ mv 
and drawn into the in- / Jij j ' 

terior of the test, where // 

their nutritive material // f/\W i'u 

is extracted and assimi- I \ \ pi & \\ 

la ted ; and if the ‘test A ‘ ' I' \ |A |^\ 

(as liapj)eiis in some /) I \\\ A \ 

species) he sufficiently // / i \\lr?^ \ 

transparent, the indi- // j \ \\Y/ \\\ 

gestible hard pai-ts (such / / 1 / 1 1 ' \\ 

as the siliceous valves of j 1 j \\ 

diatoms, shown in fig / 1 1 A 

571) may be distinguished IK fll . 

in the midst of the sar- z, . 

codic substance. By the pseudopodia extendcul. 

same agency the Groinia 

sometimes creeps up the sides of a glass vessel. In the intervals of 
quiezscence, on the other hand, the whole sai codic body, except a 
film that serves for the attachment of the test, i.s withdi-awn into its 
interior. 

Another example of the reticularian group is afforded by the 
curious little Mici'ogromia aocialia (fig. 572), first discovered by Mr. 
Archer, and further investigated with great care by Hertwig,^ which 

» ‘ XStherMicrogromia; in Archiv filr Mikr. Anat. bd. x. Supplement. 


Pio. 671. — Gromia oviformin^ with its 
pseudox)odia extended. 
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li:is t li** li;il)it of unit iiitf itii iHMirlilMHiriiiir in<li\ i(lu;il> l»y tlie 

fii.vion of tli<‘ |»>«-U(lo|)(Mli:i, into ;i coninion ' <• >lony, the indix idiiuls 
soinotiiiius iMunninin;^' ;«t u (li^t;ni(o t'rom ono .niotlior as at A, l)ut 
Kumetimes a^g'reg'iit in;^' t li<*nis<‘l\ <*> into fonijnicl in;isso> as at I t. 'Pin* 
iiotirly ^l(»hnlar thin calcaiM'ous slioll is |)rolon;/<*fl into a slan t n<‘(*k 
a (‘ii'cular nriticc. from vvhi<*li t la* sa jcotlr-lxwly axtoials its(‘lf, 


Fks. r»7‘2. 'M'n roijrttiii 'm sitrinlis : A, rolony of individuals in oxtondnd state, 
Boni*' <'t (la in uiul»M'fioin^ transverse tission ; B, oolony of individuals 
(solin' of tln ni separated from the principal mass) in compart slate ; C, D, 
formation and »*seipe j)f s\vann-sp»>re, seen free at E. 

gi\ iny oir \ (‘i \ sKunlor |)s('inloi»o(lia wliieli lailiatc in till dii'octions. 
A distinct nnclcu.s can 1 m* scon in the di‘«*j>cst jun t of the ca\'itv ; 
while .1 coi 1 1 iMcl i le \ <‘siel(‘ 1 ies iinhe<I<Ied in the saectxlie suhstanee 
neana- tin* inoutli, M ult iplieat ion l>v du] )1 ieat i \a' subdivision has 
been distinetly ol)sei\ed in this type; hut with a peetdiar depaiture 
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from the usual metluxl. A ti*iiii.>verse constriction divides the hiniy 
into two halves — as shown in two individuals of colony — each half 
possessing its own nucleus and conti*ac*tile vesicle ; the jH>steri(»r seg- 
ment, which at first lies free at the bottom of the cell, then pi'esses 
foi*ward.s towards its orifice, as shf)wn at C, and finally, by lunoeboid 
movements, escapes from it, sometimes stretching itself out like a 
worm (jis seen at D), sometimes conti jicting itself into a glol)e, ami 
sometimes spremling itself o\it irregularly over the i)seudopiKlia of 
the colony. But it finally gathers itself together ami takes an oval 
form ; and either develops a pair of Hagella, and forsjikes the colony 
as a free-swirnming or a^s\inies the form of an ActhmphrifH, 

moving about by three or four pointeil pseudo] h alia — }>robably in 
each case coming after a time to re>t, excreting a shell, and laying 
the foundation of a new colony. There is rejuson to think that a 
multi jdicatiou by longitudinal fission also bikes jdace, in which the 
escaj)ing segment and the one left behind in the old shell remain 
attached by their pseudopotlia, and the former devel(>})s a new shell 
without undergoing any change of condition. 

Heliozoa.^ — The Actimphri/ft W. sometimes termed the ‘sun- 
animalcule ' (fig. r)7d), is one of the commonest examples of thisgrou]>. 
being often met with in lake>, |>omls, ami streams, amongst Coidervje 
and other mpiatic jdants, as a wliitisli-grey sjdiericjil j>article dis- 
tinguishable by the naked eye, from which (vvlien it is hi'ought under 
sufficient magnifying ])ow(*r) a number of very })elliieid, slender, 
])ointed i*ods are seen to radiatt*. 'Fla* central ))orti(>n of tlie body is 
composed of homogeneous s}\reode, inclosing a distinct iniclens ; lait 
the j)eripheral ))art has a ‘ vesieular ’ aspect, as in the tyj)e next 
to he described (tig. o74). This a]>p«*ai’juice is due to the number 
of ^vacuoles’ filh»d with a watery fluid, whieh are iiiclmled in 
the .sarcodic su])sbince. and whieh may he artificially nuide either 
to coalesce into larger ones or to subdivide into smaller. A ‘ con- 
trjictile vesicle,’ pul.sjiting i-liythmically witli eonsidei'ahle regu- 
larity, is always to he distinguished, either in the midst of tla* 
siircode laxly, or (more commonly) at or neai* its surhu'e ; and 
it sometimes j)roje(!ts considei-ahly from this, in the form of a 
siuxmlus with a deli<*ate membranous wall, as shown at fig, 57^1, 
A, cv. The cavity of this sjtcculus is not closed externally, but 
communicates with tlie .suri-ounding me<liiim — not, however, by any 
distinct and ])ermanent orifice, the memhraniform wall giving way 
when the vesicle contrat^ts, and then closing over again. This alter- 
nating action seems to .serve a respimbu’y jau'jtose, the water thus 
biken in and exj)elled l>eing di.sti'ihuted through a system of channels 
and vacuole.s excavate<l in the .substance of the Ixxly, some of the 
Vitcuoles whieh are nearest the surface being observed to undergo 
distension when the vesicle contacts, and b) empty themselves 
gradually as it refills. The Inxlyof this animal is nearly motionless,*^ 

* A syHtem.Uic account of tliin group jh to he found in Dr. F. Hchaudinn’H 
‘ Helioziia,’ the first i>art of the compreheiisoe Dan Thierrach^ edited by the 
(lerman Zoological Society, Berlin, 18if6 M. Penard’H memoir, ‘ Etudes sur quelques 
H^liozoaires d’Eau Douce,’ in vol ix. of the Arrh. de hlioiild be consulted. 

- A swimming Heliozodii has lately been des<Tibed by M. E. P6nnrd, wlio calls it 
Myriophrt/8 paradox a 

3 n 
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but it is Hupplied with nourishment by the iustnniientality of its 
pseudopod in, its f(XKl being <ienve<l not merely from vegetable J3ar- 
ticles, but from various small animals, stnne of which (as the young of 
Entomostnica) possess gi‘eat .activity as well as a eomjmratively high 
organisation. When one of these hap[)enH to come into contact with 
one of the pseudopodia (which have firm axis-filaments {ax) clothe<l 
with a gi-auular sjuccxle), this usually retains it by atlhesion ; but the 
mode in which the j)article thus taken captive is introduced into the 
body diffei's according to circumstances. If the prey is large and 
vigorous enough to struggle to escajx* from its entanglement, it may 
usually be observed that the neighlMau ing pseiid(>|K>dia >)end overaial 



Fi(». 57ta. Actinojjhi'i/s aol : A, fij?ure showing the wide vacuolated cortical 
layer or ectosarc (k) and the fine granulated endosarc (m^ ; 7?, central 
nucleus, ax, axial filaments of p8eudop<Hlia ; c<>, contractile vacuole ; n, food- 
mass inclosed in a large food-vocuole. B, a colony of four individuals, after 
treatment with acetic acid ; n, m, and n, as before ; ^ , v, vacuoles. C, a cyst ; 
z, r, outer and inner envelopes. D, a hurst cyst from which the young is 
escaping, though still inclosed by the inner ein elope. (From Biitschli, 
after Grenacher, Stein, and Cienkowsky.) 

apply themselves to it, so as to assist in holding it captive, and that it 
is slowly drawn hv their joint retraction towards the Ixidy of its 
captor. Any small pjirticle not (?a|)ahle of offering active resistance, 
on the other hand, may he seen after a little time to glide tow'ai*ds 
the central bo<ly along the edge of the ixsen<lopo<liuin, without any 
visible movement of the latter, much in the same manner a.s in Gromia. 
When in eitlier of these modes the food has l)een brought to the 
surface of the body, this sends over it on either side a pixilongation of 
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its (»u u snicoiU* : and thus a niarkcil proinimuu (‘ is (hi ine<l 

(lig. nr:!, A. n). which irradually subsides ns tin- toed is drawn more 
coniplcti'ly iiitM rlu‘ interior. 'Phe st ruir.irles nf tlie lar»r»'r animals, 
and the ciliaiN action ot aiul may somelimo he 

obscr\ (mI to cont inne »*\ cn att«‘r tliey ha\(‘ Ix’cii thus rccei\t‘d into 
the hodv ; hut these movramaits at last ct*ase. and tlu‘ pioecss ot 
digestion l)i‘gins. 'Phe alimentary sul)stanc<“ is recei\ed into om* 
of* the vaciiol(‘s, w lunt' it li<‘s in the first instance surroumh'd 
hy liquid ; and its nutritiv(‘ portion is gradually c»)nv('rt(‘d into 
an indistinguishalile g(‘latii»ous mass, which lu^eomes incorj)0]at <*d 
witli the material oP th(‘ sarc(Mle hody. as may he st'en hy th(‘ 
general difi'iision of* any colouring particles it may contain. St‘\i*ral 



Fun r»74 , — Artinosplurrin m Kirlnirnii ; nty re ; fct i >>,ji i r ; 

f'j rojit rart ilr \ a.( U< 


\acuoles ma\ he thus occupi«Ml at onetime hy alimentary paiticles; 
frecjuentK' tiiur to eight are thus dist inguishahle. and o(’{ :e ionall>y 
ten or twelve-: Eln-enhei-g. in one instance, counte(l as many as 
sixteen, which h<‘ d**sciilM*(] as multiple stomachs. Whilst the 
diiresti\e process, which usually occupies some hours, is going on, 
a kiiwl op slow circulation takes plac(‘ in thcjaitii e mass of 1 he emlo 
sai'c with it> includfMl vacinth*s. If. as often haj>pe?is. th(‘ }>o(ly 
taken in as tood )) 0 ''se>ses some haial indigest il>le ] r u l ion (as 1 he s! lel I 
of an ell tomo>t raea n or rotih-r). this, after the <ligestion of the soft 
pa rt s. 1 > erad na 1 1 \' ] M I.' 1 H ‘d tow a rds the sn r laei *. a nd i s t hence ext rnd ed 
liy a process exactlv the conser-e of that hy which it, wa^ drawn in. 
j'f the part icle he large, it Usually escape- at <tjice hy an opening w hich 
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cxI fiuporix*- it >(*ir 1‘ »!• t h«* (K‘r;ision ; Imt ifsiiiMll it somct iinrs irlidrs 
ii pstMii 1» »[>( K 1 1 1 1 in tVoin il> to its pujiit. mid rsciiprs Iron) 

its cxtrcniit \ . 

Tin* ordinm'V modi* cif‘ j-»*jirodnct ion in ArU nojtfi rijx smn^ to Im* 
1)V l)inm \ snl)d i\'isioi), its >j)ln*ric:il liody sliowin^^ mi mnndm- con- 
striction, \vlii<‘li iji-:idn:dly d«*c}>cns so ;is to scjiaintc its t\\oli:dvcs liy 
a sort of lioni' ^''las^ const rict ion, and t he connect in^ hand licconiin;^’ 
more and niori* slendm, nnl il the two hal\es ar«* conijiletcly separated. 
The ^eeiiKMits t hus divided ai e not always e([nal, and soinct inics t heir 
ditl’erence iii si/.e is \ eiy considerahle. A pinction ot‘t wo indi v idnals, 
on t he ot he)- hand, lias heeji ,'<een to take place in A ct t and 

lias h(‘(‘n siippo^(*d to eniM’espond to the ‘conjugation of pi-otophyli's ; 
it is \ (*i‘S ilonlitfni. ho^^e\er, whethei- this junction leally invol\es a 
complete fusion of tin* suiistanee <»l tin* bodies which take part in it. 



t'lc,. r»7ri. 'Miir.uliinl iKM'tioii <»f Acf i uoyiplurri Hilt Kiclmruii 

;i,s seen ill opliciil sri'lnni under a. Iiiehur magnifying 
|)(>wer : /c, endosare ; /•, ectosiivc ; u, u, u, ])seudopodia ; 
a, n, inu'iei with luicIiMili ; ingested foodnnass, 

and then* is not sutru-it'ul <*\ idem*t* t hat it has any true ^n‘nerativ(* 
<*harac1cr. T nd»*r t licse i'ii-cuinstan(‘(*.s w a* must hopi* that Dr. \\ 
Schaudinn s pi c'liininmy in)i, >, of his oh.M-i x at ions * ma\' soon be 
follow(*d bv a more d(*tail(*<l ae<*ount. 'This authoi- claims to ha\t 
demonst lat i*d the fusion oi ihc nuclei of A. soi, mid the la'^emlilance 
of tin* coui'se of ewnts to tin* maturation ot‘ the ova of hiehei 
animals is \ cry st l iking-. (k*rtain it is that such a junc'tion oi 
* /iV^nsis may take place*, not lM*tween twooiiK', but t*\(*n se\'(‘]-al 
individuals at once, theii* number bi'ing n'cogni.sed by tliat of theii 
contractile v(‘sich*s ; and tliat.afte*r n'lnaining tlins united forscvei-al 
> sit Akiid.. pM'ilin, IStM*., p. -ill. 
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A large number of new and curious fresh- water forms of this 
type are being frequently brought under notice, of which the GkUknt- 
Una elegana (fig. 57f)) may be specially mentioned as presenting an 
obvious transition to the Polycyatine type. This has been found 
in various pai'ts of the Continent, and also (by Mr. Archer *) in 
Wales and Ireland, ot’curiing chiefly in dai-k ponds shaded by 
trees and containing decaying leaves. Its soft sarcode-body, which 
is not differentiated into ectosarc and endowirc, is encased by a 
siliceous capsule of spherical form, regularly j)erforated with oval 
apertures, and supported on a long silicitied peduncle. The body 
itself and the pseudojxxlia which it puts forth through the aper- 
tures of the c>aj)sule seem closely to cones|)ond with those of 
Actinophrya. Reproduction here tjikes })lace not only by binary 
fission, but by the formation of ‘ swarm-spores.’ In the first mode, 
one of the two .segments remains in posse.s.sioii f)f the siliceous cap- 
sule, whilst the otlier finds its w'ay out through one of the apertures, 
lives for some hours in a. free (xmdition ns an Aetinophrys, and 
ultimately produces tlie capsule and stem <*liaracteristic of its ty})e. 
In the second mode numei*ous small rounded sarcode masses, eacli 
possessing a nucleus, are produced within the capsule, in what 
manner cannot be clearly made out ; and (*very one of these is 

enveloped in a firm en- 







PiG. 677.-- Diagrammatic representation of Amwba 
protem : E 0, ectosarc ; E N, endosarc ; C V, con- 
tractile vesicle ; N, nucleus ; P, psendopodia ; 
V I L, villous tuft. 


v(doy)e, set round wdth 
short spines, probably 
silieeons. These cysts 
remain for months with- 
in the common capsule : 
and when the time arrives 
for tludr further develoji- 
nient tlie saroode-coi‘- 
puscles slip out of their 
cysts, and escape through 
the orifices of the capsule 
as flagellated monads of 
oval form (fig. 576, B), 
each having a nucleus, 
V, near the Iwise of the 
flagella, and two con- 


tractile vesicles near its 


opposite end. After swarming for some liours in this condition, 
they change to the free Actinophrya form, and finally acquire tlie 
siliceous capsule and stem of the Olathruliria. 

Loboaa. — No example of the rhizopod type is more common in 
streams and ponds, vegetable infusions, ifec., than the Amceha 
(fig. 577); a creature which cannot be described by its foiin, for 
this is as changeable as that of the fabled Proteus, but may yet he 
definitely chai'acterised by j^culiarities that separate it from the 
two groups already descril)ed. The distinction between ‘ ectosarc ^ 
and ‘ endosarc ’ is here clearly marked, so that the body approaches 


^ See his memoir on Fresh-water Radiolaria in Quart. Joum. of Microsc. Sci. 
n.B. vol. ix. 1869, p. 250. 
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much more closely in its chai'actei's to an oniinary *ceir compose<l 
of cell-wall and cell -contents. It is through the * endosarc * ^one, 
E N, tluit those colouml and gi’anular particles are diffused, on 
which the hue and oj>acity of the body depend ; its central poHion 
seems to have an almost watery consistence, the gninular [NU'ticles 
being seen to move quite freely iq)on one anothei* with ev^ery change 
in the shape of tlie Wiy ; V)ut its superficial portion is more viscid, 
and graduates insensibly into the firmer substance of the ‘ ectosai*c.’ 
The ectosfuc, E C, which is jierfectly pellucid, forms an *ilraast 
membranous investment to the endosai'c ; still it is not jKJssesse<l of 
such tenacity as to o))pose a solution of its wntinuity at any jK>int, for 
the introduction of alimentary particles, or for the extrusion of effeti^ 
matter ; ' and thus there is no evidence, in AmmhaimA its immediate 
allies, of the existence of any more definite orifice, either oral or anal, 
than exists in othei* rhizopods. The more advanced differentia- 
tion of the ectosjirc from tlie emlosarc of Anueha is made evident 
by the effects of reagents. If an Amatha radiosa he treated with 
a dilute alkaline solution, the granular and molecular endostirc 
slu inks together and retreats towards the centre, leaving the radia- 
ting extensions of th(‘ ecto.sjuc in tla^ condition of cjecal tubes, of 
which the walls are4not sohihh^ at the ordinary temperature either 
in acetic or mineral acids, or in tlilute alkaline solutions, thus 
agi'eeing with the envelope noticed by Colni jus pos.sessed by Para- 
'niecitmi jind othei* cilijited In fmoria^ Jind with the containing meni- 
bmne of ordimuy juiiiiud cells. A ‘nucleus,’ N, is jdwsjys distinctly 
visil)le in Aimeha^ jidherent to the inner jjortion of tlie ectosarc, ami 
projecting from this into thecjivity occupied by the endosam^ : when 
most perfectly seen it presents the .aspect of Jt cleju* lljttt(m(*d vesicle 
surrounding Ji solid .and nsujdly .sphericjd nucleolus; it is 1‘eadily 
soluble in alkalies, and fir.st expands juid then di.ssolves when treated 
with jicetic or sul])huric aci<l of moderjtte .strength ; but when 
treated with dilute acid it is rendered djukei- jind more distinct, in 
conse(|uence of tlie precipitation of a finely granular substance in 
the clear A e.sicular sjiace tluit suiTounds the nucleolus. A ‘ contrju*- 
tile vesicle,’ G V, seems also to be uniformly jiresent, though it 
does not usually iiuike itself so conspicuous liy its externjil prominem^e 
JUS it does in Actbiophrys ; and the neighbouring pirt of the body 
is often prolonged into a .set of villous processes, V 1 L, the presence 
of which has been thought by .some to mark a .sjx^cific distinction, 
hut which seems tix:) variable and transitory to be so regarded. 

The pseudo|)odia, which are not appendages, Vrut lolrate exten- 
sions of the body itself, sire few in number, short, broail, and i‘ounded ; 
and their outlines pre.sent a sharpness which indieit^es that the 
substance of which their exterior is comjrosed posseasoi considerable 
tenacity. No movement of gmuules can be seen to tjike place along 
tlie surface of the p.seudof)odiji ; and when two of these organs come 

‘ This remarkable character has beea stated by Professor Huxley in the following 
admirable sentence : * Physically the ectosarc might be compared to the wall of a 
soap-bubble, which, though fluid, has a certain viscosity, which not only enables its 
particles to hold together and form a continuous sheet, but permits a rod to bepass^ 
into or through the bubble without bursting it, the walls closing together, and re- 
covering their continuity as soon as the rod is drawn away.’ 
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into c(»ntac?t tliey scarcely show any <HsjK>.sition even to iniitiial 
cohesion, still less to fusion of their substance. Soinetiines the 
protrusion seems to. be forme«l )>y the ectosai-c alone, but more 
commonly endosarc also extends into it, and an fietive current of 
granules may l)e seen to pass fi-oiii what was previously the centre 
of the brnly into the protrude<l fwa tioii, when the latter is undergoing 
rapid elongation ; whilst a like current may set towards the centre 
of the body from some other protrusion which is being withdmwn 
into it. It is in this manner that an AnKuha moves from phice to 
])lace, a protrusion like the finger of a glov(* being first formed, into 
which the substance of the body itself is gradually transferred, and 
atiotlier proti-usion being put forth, eitlaa* in the Siune or in some 
different direction, so soon as this ti*ansh*rence has been accom- 
[dished, or even befoiv it is ctanplete. The kind of jn-ogression thus 
executed by an Aiiuefm is d(‘scribed by most obsei vers as a ^ rolling ’ 
movement, tliis being certainly the asjxvt wliich it commonly 
seems to [)resent ; Imt it is inaintaiiHMl by AIM. ClaparMe ami 
Laclnnann that the appearance of rolling is mu optical illusion, 
since the nucleus and coutractiU* vesicle always maintain the same 
position relatively to the rest of tin* body, and that ‘ creeping’ would 
be a truer descri[)tion of tla‘ mode of pi*ogr(^sion. It is in the 
c(>urse of this moveimait from place to place that the A vut^ha en- 
(;ount<‘rs particles which are fitted to afford it nourishment; and it 
appears to receive such particles into its interior through any part 
of tlie ectosarc, whether of tlu^ body itself or of any of its lobose 
exjMinsions, insoluble particles which resist the digestive [irocess 
being got rid of in the like primitive fashion. 

It may often be seen tliat portions of th(‘ sarcode-body of an 
Annvba, detached from the rest, can maintain an independent exist- 
ence ; and it is probable that .such separation of fragments is an 
ordiiiaiy mode of increase in thi.s group. When a ])seudo[)()dial IoIh^ 
has been [)ut forth to a considerabh' h*ngth, and has become en- 
la.rged and fixed at its extremity, the subseipient contraction of the 
connecting portion, inst(n\d of (dther drawing the body towards tln^ 
fixed point, or retracting the lobe into the })ody. causes the connect- 
ing bund to thin away until it sepirates , and the detached portion 
sjieedily shoots out pseudojxxlial pr(K*esses of its own, and com})orts 
itself in all respects as an inde|)eiuh‘nt AnuviKt. Multiplication 
also takes [dace by regular binary subdivision. Various observers 
have seen plienoniena which they have sup[)osed to be evidence of the 
formation of ‘ swarm-spores ’ * oi- of ilu‘ develojmient of cysts, but it 
mUvSt be borne in mind that a large number of protozoa i)ass during 
the eoui'se of their life tlirougli amcebifonn stages, some of wdiich 
may have been taken as true species of Aniaba, No sexual act has 
been certainly recognised ns part of the lif(»-history of Amcbha, the 
union of two or more individuals, which may be occasionally wit- 
nessed, having more the chamctev of the * zygosis ’ of Actinophiys. 

A sai-codic organism discovered by (Ireef, and named bj" him 
Pelomyra paluatris (fig. which spreads over the bottom of 

stagnant ponds in the condition of slimy masses of indefinite form, 
' Prof. A. M. Eflwards (U.S.A.) m Monthltj Micvohc. Joimi. vol. viii.1872, p. 29. 
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exhibits further ;i(l\ .nu'c upon flio Ainu'lt.iu t\pr. 'Tlu' sul»st.nirt' 
of its ))o(ly. whii'li iu;iy ho of tin* .size of two luilliiuot rt's, oxliihifs a 
\«*ry clo.uo] i tlorout iat ion liotwotMi t ho houmiioiu'ous Inaliuo ootosaro 
( U. u, </) airl t]io oontaiuoil (uulosaro. which oi^utaius such a luulti- 
ttuh‘ of splaM’ioal \aouol<‘s. A. as to ha\(‘ a ‘ \ (‘sioula r ’ or frothx 
aspoot . \N lioii il loods upon t ho (loroiup< »>tni: \('m“tal)lt‘ mattor at 
tho l)ottoiu ot tho pool it iuhal>it.s, its IhmIv ao<piiros a hlaokish huo. 
}mt in otlior sit uat ions it may h(‘ oolourloss. flosidos ilto xaouoh's 
tlioro ar(‘ s(‘ou in tho ondosaroa uroat numhor oi' mu’lous liko hodit‘s. 



h'lo. ri7H. I^floni ii.rti finluhiris: A, as il ji.|i|)oais wlim m niiKilxad 
iiiMtioii; It. jiintinii iinuo highly i;ia'_;i.ili<-<l, sliDWtiiy n.'!. IIh' liv.iliiif 
/*. niU’ of t ho \ a<->lol«‘s of 1 lu- tUflosa 1 <- ; r, rod iilo- hodlC'- Ipro 
huhly ii<irti fi<n Ncattoiod ihroaoh tl:,* < udo?^ii,lr : ft. [ilolilldt'd rsicii 
fiion of octosarc with ondi'^arr piissiiio into d : O, r. niidri ; /, /, ylulinl.ii 
liyaliiu* l)odit '-. 

r. and also many iixalino irkdnilai' In illiaiit l)o,dios. /. /' uhioh aro 
rooai d(‘d hy ( Iroot' as ooi-ms oi swai'in spor<‘s do\ olopial IVom nn<-looli 
sol fri*o within the* "oiioral oa vit \' of* 1 lio })od\ h\- 1 ho hurst iniif of 1 1n* 
niK’loi. 'Phis or<'atnro dnrinj,'- tin* aotixo }»orio<l (d* its life mo\os liko 
an amo‘];a, oit hor Iw ufonoral nmlnlations of its siirfaoo. oi- hysjx'oial 
ps<>ndo]>odia1 oxtonsions. ?/. After a time, l)<>\\o\i r. its mnvouH'nls 
ocaso. and it looks as if doa<l ; Imt h\ the ;^i\iny: wax of its ooio 
sale, a mnltitndo (d* minnt4* annohiform l>odi<*s ))roak forth, oaoli 
liax ino' its nnolons and oont raot ilo \'osi<*lo. 'riio-o at first li\ o as 
AiiKi lxr Imt afterwards [»ass into a l o-tini;- state, assimdn;,'' a spherical 
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or oval shape, and then put forth flagella, by which they swim 
actively for a time ; later on, they probably settle down to develoj> 
themselves into the imrental form. 

The Amfeban like the Actinophryan type shows itself in the 
testiiceouH as well as in the naked form, the commonest examples 
of tliis being known under the names Arcella and Difflugia. The 
iKKly of the foraier is iuclo.sed in a ‘test’ composed of a horny 
membi*iiue, apparently resembling in constitution the chitin which 
gives solidity to the integuments of insects ; it is iisually discoidal 
(fig. 579, C, D) with one face flat and the other arched, the apeiture 
being in the centre of the flat side ; and its suiface is often marked 
with a minute and legular pattern. The test of Difflugia, on the 
other hand, is more or le.ss pitcher-shaped (A, B), and is cliiefly 
made up of minute ptirticles of gravel, shell, &c. cemented together. 
In eticdi of the.se genera the sitrcode-body resembles that of Amceha 
in every essential particulai-, the contrast being very marked be- 
tween its large, di.stinct, lobo.se extensions, and the ramifying and 
inosculating pseudopodia of (inmiia (fig. 571). In eatdi case a de- 
tached [>ortion of the sarcodic body will put forth pseudopcKlia of 



1^10. {> 79 . — TeHtaceouH {onus of Anurhan rhizopodH : k, Difflugia 
proteiformia ; B, Difflugia oblonga ; O, Arcella arutniuatu; D, 

Arcella deiifata. 

its own type ; and the .separation of a bud or gemmule put foi'th 
from the mouth of the test seems to be an ordinaiy mode of proj)a- 
gation among the ainoebans tluis inclosed. In Arcella it has bfeen 
oljserved that the pseudojKxlia of two or more individuals unite by 
Inidges of protoplasm, and afterwards separate ; and it seems to be 
almost certain that this is a. true ‘ conjugation,’ and not a ineie 
‘ zygosis.’ A remarkable method of i*epi*oduction has been observed 
by Gruber in Kughjpha alveolata ; in aiuictive form highly refractive 
bodies, which, seen from the surface, look like discs, are to be found 
beside the nucleus. Repi'oduction commences with the protrusion 
of protopUism from tlie orifice of the test, and, later on, the just- 
mentioned bodies pass out also, and form a covering for the extruded 
protoplasm ; in about an hour the process is complete, but the iiew^ 
or daughter-cell is still without a nucleus. This is derived from that 
of the mother, which increases in size, elongates greatly, and then 
becomes constricted ; tlie anterior portion piisses into the daughter- 
cell. Hei’e we have the remai'kable phenomena of the formaticm of 
the test by the parent-cell and the rare case of division of the 
pi'otoplasmic body preceding that of its nucleus. 
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AFimy tfstaceniis A^o/.n- ] iavi‘ Imumi rt*(*ent 1 v \vlu(‘h 

form ro.st> of rt‘m:irka5)lt‘ roi^oilariiy and soiuotimcs of 
lH‘aiit\ ; ami it is rlitiioult to tlotonuino. in many rast'^, wln thor tin* 
minutr ])lati's of which they arc comj)osc<l haxt* hern foriinMl h\ 
cxudatii)!! trom t heir own Iwxlii's or ha\t‘ heen ])ickcd up from the 
•surface o\er which the animals crawl, 'riiere can In* no douht of 
this Ivind, ho\N(‘\(‘r, in rej/ai'd t(> tin* (jtffu/rtflif stf m nh’irnui rep>rt*- 
senteil in li>^. oSO ; tin* sarco»h‘ hody is here taicasi-d in a pear slia]H*d 
t(‘st, ot ^dassy transpai(*ucc. made up of a pa'at uumhiu* ot’ sipiari* 
platt's which toiu'h each olht*r l>v their edi;»*s. d1ie sarcixh' IkmIv 
does not nsnally till the test, the int (‘rvt'uintt space heiug occujtied 
by a ch'ar liipiiih and travaa-Mal by bands ot’ protoplasm. In tin' 
post(a-ior part of the body is stam a largi' ch'ar sjiherical nuch'us 
with a distinct dark uucleo 
Ins ; and in front of t his nn* 
contractile \e>icle<, nsually 
two in number.' 

t'ecre/////s ntid (Jocco- 
splieres . — This wouhl s<*em 
the most .appi‘OjH'iat e place 
for the description of certain 
pi'cnliar litth* i>odi(vs fouml 
\ (a-y extensi\ t‘ly difrus(*d ov er 
file deep-sea liottom. espe- 
cially aboumlinit in tlie (llo 
bie(>i*ina-mud. which may b(‘ 
considereil as chalk in process 
of Ibrmat ion. 1 1 was in t he 
specimens of this mml 

bi‘ou,Lrht U]) by the • ( '\ j lops ’ 
soundinefs in IHdy that Pi’o- 
fessoi* lln.xh'v first found 
tln‘ (Joccolit/fS (tig. oKl, i. ‘j) 
which Dr. Wallich in IHGO 
found aLri;reea< ed in the 
sjdierical masses which he 
d(‘siguat ( mI as * c<)ccos]dier(*s ’ 

(;t). lb'e;n‘ding the gi'lati- 
nous rnatii.x in whi(’li ihev 
W('re imbedded as a m w t \ pe ot t he .I/o/o rrcof/ 1 |( >( i dteil liv llaeckol^ 
having the condition of an indetinitelv oxtemled jihfsnxtdimn, Ih-o- 
fi'ssor Huxley j)ro[)Osed to designati* it l)V tin* name Ildl/ii/htnN^ 
imlicat i\ e of its habitat in the (h*pths of the sea; and this idi'a was 
ac(‘e])ted by Maeckel, whose l epi esent at ion ot a li\ niL’^ specimen of 
with imbialded eoccolitlis. is ei\en in tig. oH 1 , ;n d’ln^ 
o) iservat ions madr* in th»‘ ' Chalk *n_ir('r Kxjtedition. how aver, lia \ e 
not continued this view ; thr‘ s\ipposed lluth beine m Gelatinous 

' See especially tie* aflmiial »!<* work of 1 'rof<-^s<ii' on the iresli wii,tei- 

rhizojKjds of theUnitcfl .Stiit»'s, iHsa. H Ih to lie n*^'rett<‘d that its alih* uiiiliur’s time 
and opixjrtunities did iifat permit him to follow out ilie life lustories of the many 
interesting forma which he has described and figiin-d. 
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times divided into two. The zone (^) immediately summnding 
the centi-al corpuscle is usually more or’ less distinctly gnmular, 
and sometimes has an almost l>ead-like margin. The nari'ower 
outer zone (cf) is genemlly clear, ti-j\nspmont, and structureless, 
but sometimes shows radiating strite. When viewed sidewLse or 
obliquely, however, the ‘ cyatholiths ’ are found to have a form 
somewhat resembling that of a shirt-stud (figs, i, /). Each con- 
sists of a lower plate, shaped like a deep s»iucer or watch-glass ; of 
a smallei* upper plate, which is sometimes fiat, sometimes more or 
less concavo-convex ; of the oval, thick -wa]le<l. fiattened corpuscle, 
which connects these two plates t^ogether at theii* centres ; and of 
an intermediate granular substance which more o]* less completely 
fills up the interval between the two plates. Tlie length of these 
cvatholiths ranges from about y^Voth tt> of an inch, those of 

of an inch and under being always circular. It appears 
from the action of dilute acids upon the cocToliths that they must 
mainly consist of calcareous matter, as they readily dissolve, leaving 
scarcely a trace behind. Wlien the cvatholiths are treated with 
v'cry weak acetic acid, tlie central corpuscle raj)idly loses its strongly 
refi-<icting character; and there remains an extremely delicate, 
finely granular membranous framework. Wlien treated with iodine* 
they are stained, but not very strongly, the int(*i*mediate sub- 
stance being the most afiected. Both eli.scoliths ajid eyatholiths art* 
('ompletely destroyed by strong hot solutions of c^iustic jKibiss or 
soda. The coccospheres (fig. are made up by tlie aggregation of 
bodies resembling ‘ cyatlioliths ’ of the largest size in all but tin* 
absence of the granular zone ; they sometimes attain a diameter of 
-,l„tli of an inch. What is their relation to tlie co(‘(‘oliths, and 
under what conditions these bodies are formed, are questions whereon 
no positKe judgment can he at pre.sent given. 

Spiuiozoa. 

The teiin tSporozoa was applieil by Lcuckart to a group of 
protozoic animals of which the well-kin)wii < Iregarinida, tlieCoccidi- 
idea, the Hjemosporidia, the Myxosporidia, and tlie fSarcos}>ori<lia ' are 
the chief divisions. They are especially chanicteriscd ]>y the peculi- 
arities of their mode of reproduction, in winch a period of ency.station 
(which may or may not be prece<led by conjugjition) is succeeded by 
the breaking up of the confidned protoplasm into a large number of 
small ‘ spores,’ the products of which becijuie intracadlular parasites. 

The Gregarinida lead a parasitic, life, and may often he met with 
in the intestinal canal or other aivities of earthworm, ins(*cts, &c,, 
and sometimes in that of higher animals. An individual (irefjarimi 
es.sentially consists of a large single cell, usually more or less ovate 
in form, and sometimes attaining the extraordinary length of Uuo- 
thirds of an inch} A sort of beak or proboscis frecpieiitly projects 
from one extremity ; and in some instances this is furnished with a 

• Consult the memoir by Dr. R. Blancliard in BhU. Sor. /Cool. France^ x, p. *244. 

^ See Prof. Ed. Van Beneden on Gregarimi giganfca (found in the inteHtiual 
canal of the lobster) in Quiu-i. Journ. Microsr. Sei. n.s. \ol. x. 1870, p. 51, and vol. 
xi. p. 242. 
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row of‘ Imoklcts, i 1 w Incli !>. sroii f)n 

tlx* 1 h‘;h 1 oi' 'I’n'ii 1.1 ^rhoi t* lion* ,i niucli nioir com plot c di tlri cut in 
t.ioii Ix'twccn tlic cell mciiil)i-aii(* ami its coiitiMits than exists citlxM- 
in A rit iinj)h rt/i^ oi in Anni}>it\ anil in this lesju'ct we must look upon 
( r ri’tfa rnn( as lepiesenf in^ .i decided aiK ;mce i n or^M iimation Ik’init 
nolll l.shed upon tlx* pMcesahea<l\ plepaied for it h\ the diLiCstive 
operations of tlx* .iininal which it infests, it has no need of an\ snch 
appaiatiis foi the i hf rod i let ion of solid particles into the inteiior of 
its hod\. .IS is piovided in the ‘ pseud()|X)clia ’ of tile ihi/.opods and 
in the Dial cilia of the Infusoria Within the ea\it\ of the cell, 
wliose contents are iisuully milk-white and minutely eunudar, there 
IS ^eneiidly si*en a pellucid nucleus; and when, as often hap[»ens, 



Fx. C\st ol //s/'/s the (o«‘<4,u mul et the «‘a,itll\\<nin 

(hams ), sIh.w iii'^ 1 1 pr ( lilaxn <l<'s|i('n's omi])lrt(‘ .ihsriue ol 

ax y I’csuluiil |M<*te|>lasiu m llir(\sl i \lt« i ! ’i otrs^oi |j,i\ I .anUfster.) 


the cell uuderL;o(‘s dnphcati\e siiLd i \ ision, the pi o( ess con niiences in 
a constiiction .md clea\ a^i' of* t hm imcUxis. 'fhe iixmihra ne and its 
(“Old ent s, (‘\c('pt t Ix' micleiis, a i e soliihh' 1 n acetic acid dlie niove- 
inents of the iiodv .iri' ot \er\ \<nious kinds, thme is a foiward 
moxmixnd Avhich ma\ lx* diun :is sueet^stoi] hy Luikester. to the 
iindiilal ions of t he hods Tlx* cell itself mas nixlereo contract ion, and 
conse<|ea‘nt ch.ini;(‘ in toi in whicli nia\, oi‘ mas not he a(*coin|)ani('d 
h\ l(H*oiix>t ion , (iiciil.ii const 1 let loiis mas extend alonn tlx* hods ; 
or t he c('ll mas hi'iid oif its(‘lf .nxl aitain ^tiamhteii out. lls^ \hin 
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for regarding it, like the ‘ conjugation ^ of proUj^diytes, as a ti*ue 
generative iict. 

The Coccidia (fig. 584) are Hp<irozoa which look like minute ova, 
and which are found l esti ng within the cells of tlieir hosts ; the young, 
developed from spores, are falciform in shape, and, moving about 
iictively, are able to penetrate fresh cells. They have been found in 
the epithelium of the intestine of various forms, and in the liver of 
vertebi*ates. Home parjisites found in the bloo<l (Hsemammbidje), 
such as Drepaniditvni ranarum. Lankester, are allied to the Coccidia, 
but are distinguished by having naked spores. Their chief interest 
lies perhaps in their relation to various foi-ins of malaria. ‘ Among 



Fid r>s4. -(Ux ( tdnini (tnforntx (Leuckart) from tliolivorof tlie rabbit. 

(tf cyst jurtt forim‘d ; />, combMistHl coiitonts^ tlio oiitor onvelope 1ms 
diHa|)]>rare(l ; r, contents ilividod nito four Hporoblasts ; d, the sporo- 
bhiHtH have become rounded and clearei mtt*rnally ; ciind /, formation 
of tlie falciform ^'■erm ; 7 and 7^, wporcH more hij^hlY Muij.nuhed 7 from 
the Hide, // from in front 

the Myxos))()riilia is dhujen., the (^anse of tlie silkworm disi‘ase. Tlu^ 
Harcosporidia are only known from the striped mnscniar tissue of 
some vei’tebrates. 

Of the imperfectly known Mjf.L'os}ioridia it may he said that 
their spores are the bodies wliich are known as ‘ psorosperms ; ’ 
while the bodies observed by Hainey and otliers, and wrongly 
n^garded as the cause of the r^atth' ]>lague, are sarc(K*vstids wliich 
live in the muscular fibre of mammals. 


> More and more interest is beinji taken in this subject, and some of the results of 
recent researches are of j<reat interest jiiid miiHirtance. Malaria ajipears to be due to a 
Hiemamcebid which develops lu ‘(iiats of the genus Anophidrs ; when they arrive 111 the 
hunian subject they appear as minute aimebulie which live m or on the red blood 
corpuscles ; they give rise to sporocytes which multiply indefinitely, or to sexual 
gametocytes which undertake their sexual functions as soon as they enter the 
stomach of gnats. See Ross and Fielding Ould, Quart. Jouni. Micr. Set. xliii. 
fl9(W) p. 671, and a very interesting ‘ Note 011 the Morphological Significance of the 
Various Phases of Htemanuebidte,’ by E. Ray Lankester, tom. eit, p. 681. The 
student should also consult M. A. Labbe’s * Recherchhs Zoologiques, Cytologiques 
et Biologiques siir les Coccidies,’ in Aivfi. ZooL E.i'p6r. 1896, p. 517 ef neq.y and Dr. 
WasielewsKi’s Sporvzoenku ude, Jena, 189C. A detailed bibliography will be found in 
Prof. G. Schneideninhl’s DiV? Protozorn als Krankheitscrreffcr, Leipzig, 1898. The 
various Memoirs of Grassi, Laveran, and Leger may bo profitably studied. 
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OHAPTEIl XU I 

ANIMALCULES— INFl’SOIiJA AND ROTIFEli I 

Ndtuixg i ' i\n he more vague or MMeutitically inap]m)pviate than tlu‘ 
title Aiiiuialeiil(*s ; since it only expresses the small (liniensi()ns of 
the beings to whieli it is ap[>lie<l, and does not imlicnte any of tlieir 
characteristic peculiarities. In the infancy of mici‘osco[>ic know- 
ledge, it wa^s natural to axsociate together all those creatures which 
<'ould only be <liscerued at all under a high magnifying ])ower, and 
whose internal structure coukl not be clearly made out with the 
instruments then in use; and thus th(‘ most heterog<* neons assem- 
blage of [)lants, zn(lj)hytes, miinito crustaceans, lar\a‘ of worms, 
molluscs, t'cc., came to be« jiggregated with the true animakades 
under this hea<l. The class was being gradually limited by the 
removal of all such forms as coidd be ref<*rr<'d to others ; hut still 
very little was known of tlie r(‘al nature of those tliat rtuaained in 
it until the study was taken up by IVofessoi* Ehrenbei’g, with the 
advantage of instruments whicli had derived new and vastly im- 
proved capabilities from the application of the principle of achro- 
matism. One of the first and most impoi tant results of his stiidy, 
and that which has most firmly maintained its ground, notvvith- 
.stiiiiding the overthrow^ of Professor Ehrenbei g’s doctrines on othei* 
points, was the separation of the entire assemblage into tw^) distinct 
gi'oups, having .sc^ircely any feature in common except their minute 
size, one being of \ery lon\ an<l tin* other of comparatively /uV/A 
orgaiiisfition. On the lower group h(‘ conferred the designation of 
Poli/gastrica (many-stomached), in conse(juence of having been led 
to form an idea of their organisation which the united voice of the 
most ti’ustworthy olxservers now pronounces to be eiToneous ; jm<l 
as the retention of this term must tend to perpetuate the error, it 
is well to fall back on the name Infusoria^ or infusory animalcules, 
which simply expresses their almost universal prevalence in infusif)ns 
of organic matter. To the higher group Pi-ofessor Elirenberg’s 
name Eotifera oi* Notatoria is, on the w hole, very appropriate, jus 
significant of that peculiar arrangement of their cilia upon the 
anterior parts of their bodies, wdiich, in some of their moat common 
forms, gives the apj)earance (when the ciliji are in action) of wheels 
in revolution ; the gimip, however, includes many members in which 
the ciliated lobes ai-e so formed as not to bear the least resemblance 
to wheels. In their general organisation these ‘ wheel-animalcules ’ 
stand at a much higher level than the unicellular Infusoria, but it 

3 C 
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iH difficult to decide what is their relationship to other gi'oups of 
animals. Notwithstanding the wide zoological sej>ai*ation l>etweeu 
these two kinds of animalcuk*s, it seems most .suitaVde to the plan 
of the present work to treat of tliein in connection with one another ; 
since the mici'oscopist continually finds them associatt‘d together, 
and studies them under similar conditions. 

Sfxrriox i. — IxKusoiUA. 

This term, as now limited hy tie* .separation of the h*hlzo/H>fla 
on the one hand, and of the Uotifera c»n tlie other-, is applied to a 
far smaller range of forms than was iiurluded by Profes.sor Ehi-en- 
berg under the name of ‘ j>olygastric ’ animalcules. For a large 
section of these, including the J)esmidiace(t'j JJiatomaceAt'^ VolvocinPAV^ 
and many other protophytes, have been transfoi-ied by general 
(thougli not univei-sal) c<msent to the vegetable kingdom. And 
it is not impossible that many of the reputed hifasoria may be but 
laiwal forms of higher organisms, instead of Vreing tliemselves com- 
plete animals. Still an extensive groiij) remains, of which no other- 
account can at present be given than that tlie beings of which it is 
com^Hrsed go through the whole of theii- lives, so far as we are ac- 
quainted with them, in a grade of existence which is e.ssentially 
jrrotozoic, each individual apparently consisting of but a singh 
though its parts are often so higlily rlifiei-entiated as to i-epresiuit 
(only, however, hy w^ay of aiialogy) the ‘ or gans ' of the higher- 
animals after- which they ai-e usually name<l. 

Among the cUiate Infusoria, which form not only by far tlie 
largest, but also the most characteristic? division of the group, there 
is pr-ohahly none save such as are degi-aded hy parasitic habits 
which hius not a mouthy or* pei-manent orifice for the intr oduction 
of food, which is ilriven tow’ards it hv eiliai v eiu-rents ; while a 
ilistinct (mal oi-ifice, for the ejection of the indigestible residue, is 
not infrequently present. The mouth is often furnished with a 
dental armature, and leads to an usuphageal canals down which 
the food passes inter the digestiv^e cavity. This cavity is still 
occupied, however, as in rhizopods, by tlie eadosarc of the cell ; hut 
instead of lying in mer e vacuoles formed in the midst of this, the 
food-jrarticles are usually aggregated, dining their passage down 
tlie oesophagns, into minute [lellets, each of w hich r-eceives a speci.-d 
investment of firm protopla.sm, constituting it a dlgeMive 
(fig. 589 ) ; and these go thr-ough a sor t of cii-oulation within the 
cell-cavity. 

The ‘ contractile vesicles,’ again, attain a much higher deyelop- 
ment in this group, and are sometimes in connection with a netwxrrk 
of canals channelled out in the ‘ ectosaiv ; ’ while their rhythmical 
action resembles that of the circidatorg and respiratory apparatus 
of higher animals. There is ample evidence, also, of the presence 
of a specially contmetile modification of tlie protoplasmic substance, 
having the action (though not the structure) of rnuaciilar fibre ; 
tmd the manner in which the movements of the active free-swimming 
Infusoria are directed so as to avoid obstacles and find out passages 
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seems to indicjite that another |)oi*ti()n t)f their jnotophismic sub* 
stance must have to a certjun degree the speiual emiowments whitd) 
characterise the n-ervoiis systems of higlier animals. Altogether, it 
may l>e sjvid that in the ciliate Infusoria the life of the aiat/le cell 
finds its highest expression.^ 

Before prcK’eeding to the description of tht‘ ciliate Infusoria, 
however, it will he of advantiige to notice tw() Miialler grf)ups — the 
fiagellate and the suctorial — wliieh, on account of the peculiarities 
of their structure and actions, are now r;uiked as rlistinct, and of 
whose Mniicellular ’ chanxeter there can be no reasonabh^ doubt, 
siiH*e tliey are, foi- the most part, ‘ clo.se«l ' cells, scjircely distinguish* 
able moi phologically fi*om those* of protophytes. 

Flagellata. — Our knowledge of this trila* has betui greatly aug 
men ted in recent years, not only by the disco veiw of a great \^ariety 
of new forms, but still iiiore by the careful stmly of the life-history 
of several among them. The mona^ls. prop<‘rly so calh‘d,‘‘^ which are 
amongst the smallest living things at prt*sent known, are its simplest 
representatives ; l)ut it also includes organisms of much greater 
complexity ; and some of its composite forms seem to have a veiy 
remaikable i*elation to sponges. Tin* lens, long familiar 

to microscopists as occurring in sbtgnant waters and infusions of 
decomposing organic matter, is a, spheroidal particle of piotoplasm, 
from diameter, enclosetl in a delicate 

hyaline investment or * ectosjirc,’ and moving fre<*ly thrcaigh tht* 
water by the hushing action ot' its slender, \\hos<* length 
is from three to live times the diameter of the bod> . Within tin* 
body may be seen a variable number of vacuoles; and these are 
occiisionally occupied by paiti(;les distinguishable by their colon)*, 
which have been introduced as food. Tliese s(‘em to enter tla* body, 
not by any definite mouth (oi* permanent opening in th<* ectosarc), 
but thi’ough an aperture that forms itself in some part of the oral 
region near the base of the llagellum. in some ti’ue Monadinre 
neitlier nucleus nor conti-actile vesicle is distinguishable, but in 
the majority a nucleus cfxn be chnirly seen. 'I'he life-histoi-y of 
several simple Monadhue presenting themselves in infusions of 
deciiyiiig animal matter (a cod’s hea<l being fouml the most pi*o- 
ductive material) luis been studied with admiiable perseverance 

• The doctrine of the nnicelhilar nature of the hifnsona Ini'-, ]>een a Huhjiset of 
keen coiitroverHy amongst zoologintH from tlie time when it wan firht definitely put 
forward by Von Siebold (Lchrhuch der venjieirh. Auat. Berlin, 1815) in op|K)Hitioii 
to the then paramount doctrine of Ehreixberg as to the complexity of tlunr organina- 
tion, which hod as yet been called in question only by Dujardin {Hist. Nftf. ties 
Infusoires^ Pans, 1841). Of late, however, there has l>een a decided convergence of 
opinion in the direction above indicated; which has been hrouglit about in great 
degree by the contrast between the profozoir Himplicity of the reproductive and de- 
velopmental processes in Infusoria, as, for example, shown by Dallinger and Drysdale, 
and by the former alone in the life-histories of the Sa)>i*ophyti'K, and the complexity 
of the like processes as seen in even the lowest of the MctaaiKi, which lias been 
specially and forcibly insisted on by Haeckel (‘ Zur Morphologic der Iiifusorien,’ 
tfenaische Zeitsrhr. JM. vii. 187lb- An excellent suiniiiary of the whole discussion 
was given by Professor Allman in his Presidential Address to tlie Lmiiean Society in 
1875. 

^ The family Monadina of Ehrenberg and Dujardin consists of an aggregate of 
forms now known to be of very dissimilar nature, many of them belonging to the 
vegetable kingdom 

8 c 2 
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nnd ness by Messrs. Dallinger hikI Drysdale, of whose iin- 

[jortant ol)servations a general snniinarv will now be given. ^ 

Tlie present Editor adopt.s tin; lead of f)r. Car{>f-iiter, in 
arranging the Haprophytlr numad forms in this {)lace in the organic 
series, Tliey jxissess features that ally them, as has been already 
siiggesO'd, to tlje vt‘geta,ble seiies, and indicate atlinitit's with 
(*(*rtjiiii Nostociieejc and the Bactei ia. 

There ar(^ some reasons foj- looking at the sjijjr(jpli\ tic monad 
foj'ins as a pf)ssibly degrarled but still spe<‘ialised group. In ctunmon 
with saprophytic* Hac'tcria, tli<*y are spccificall\' relat«*d to the setting 
up and carrying on of clecomposit ion in dead organic tissues. In 
organic infusions arni films of gelatine, or tube's of agar-agar, tin* 
bact(‘rinl forms arc*, as a rule, enough to set up and carry on tin* 
d<^st,i*uctav(* f<‘rm(*nt. But vv here great masses of tissue are decom ■ 
|)osing, the presence of the larger monad forms is (‘crtain and in- 
evitable; and by tlieui, accompanied h\ the Bactc'iia, tin* proc(*s.scs 
of h'riiK'ntativ'e rotting ai e carried to tin* end. 

It, is their morphology which poiiUs to the Flagellata. and we 
should incliin^ to consid(*r tht'in a d(‘gein‘ratt‘. ainl by deg(*nerjitinn 
sp(*cialised foiin of tin* Flagt*llatji if tln*\ about eight or nine «lis 
ti net forms in this latitiide helonir pioperlvto the Flagellata at 
all. 

'riie simplest of these oig.*inisms i.s repiv*s(*iited in fig. 1. Plate 
XV, A. It has been named by Sa\ille Kent Monas UaUnnjvri, 
and has by (‘ompari.son a simple lif(‘-histor\ . .\s it is with tin* 

ent ire* group, all is sid>s(‘i vient to lajndity of mnlti])licat ion ; and 
tJniie* art* tavo nn‘tho<ls in which this is eilectt*<l d’ln* first and com 
moin*st is by fission ; fig. l. A, r(‘prt‘.sents tin* in)rmal form of tin* 
organism. 1 1 has a long diaun'tt*!* of aht>nt tin* td' an inch, 

and has gi’cat ease ami grace*, and rt*Iati\e pow<*i- of* mo\eiin*nt. 

I n a ct*rtain stage* of its hi.story as it swims fVe't'ly the*re‘ suddt*nly 
appears a constriction acro.ss its hod\ , as in tig. •_>. 'rids is at on(*e* 
accoin})anie*d by an appa i-e*nt e'tfoi t of the* opposite* flage*lla to pull 
against t*ach either ; the* ce)UseMjue‘in‘e* is a ve*r\ rapiel stre*tchiTig of 
a neck of sarcode lH*t-vve*eii two hahe's of tin* ])()el\. as at fig. a. This 
he*coiin*s longeu*. as at t, ami attains tin* le*iigth of two tiagella as at 
whe*n tlm two divieling hal\ e*s approai*h and mutually elart from 
each eitlu‘r, snapping the* e*onne*cting fihie* of sarcoeh' in the middle*, 
so that twei jH'rfe*ct forms are* se*t free, as in ei ami 7. 

'rids, in the course* of freun two to thre*(* minute's, is oiu‘e nnire 
he'gnn and enrrie'd on in e*ach half succc.ssi\ e*ly, so that there is an 
incre'ase of the form hy tins iin'ans in nijiid ge*eiinetric ratio. 

But tins i.s an exhjuisti\ e* proeess vitally, for after a periewl \ary- 
ing from eight to te*n days there* aBvays appe*ar in the iinalt^reel 
ami unchangeel fie*l<l of oh.ser\ ation normal forms, witli a remarkahle 
eliffluent or aineelia-like emeleipe, as sea*n in figs, s and A. Tlmse 

• See^ tlieir snerensne* pa|»cr*4 in tin* MontJihf MirnKsi . Jt*uni. veil, x, 187J>, 
])p. TiH, 345; vol. xi. 1874, })|» 7, lift, *.>7 : \ol xu. 1871, p. ‘i(il ; and \ot, xui. 187r», 
]>. inf) ; and ProreeiL Jimj. Snr. \ol. xwii. 1878, [i. But es}>ec*iaUy for the latest 

re*tultH with i*et'ent objt*eti\es, ./cc/n. Ii(n/. 3/c‘/n Sor vnl. ^ 3885, p 177; vol \i 
p 108 ; vol. vii. i>. 185 ; ^ol. via p 177 
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sometimes swim aiul sometimes ci-eep, jinuebti-like, by ^vseudopodia ; 
but directly the diffluent sarcode of one touclies that of another 
they at once melt together, as in fig. lo, A. This leads to the rapid 
approiich of the oval bo<lias of the two organisms, as in fig. 11, B, 
resulting in their fusion, as in figs. 12 , 1 . 3 , 14, and a still condition 
of the sac (fig. 1 4 ) for a period of not less than six 110111*8 ; when it 
bursts, as seen in tig. 15, pouring out an immense host of exquisitely 
minute as shown in fig. 15. These are opaque or vsemi-opatjue, 

but by observation iqjon them at a temperature of (55° to 70® Fahr., 
they in the course of thirty minutes become tiunspu*ent, elongate, 
as in figs, iti and 17, and, continuing to grow, assume the coiulitions 
and sizes repi*esented in figs. 1 H and 1 9 ; and w e were able to trace 
tliem through all their changes of growth from the sjKire into the 
a<lult condition, as at fig. 20, until they entere<l ujkui Jind ptissed 
through the self-division intt) two described and figured in A. 

Tlie next form, though e\en more simple in api)e4inuice, has a 
much more complex morphologi(*al liistory. It is seen in its iu)rmMl 
form in fig. 1, C. It has but one Hagellum, and, as we believe*, on 
that account has a mucli more rt^stricted ))()W'er of movement. It 
is from the b) the 7 ,H,„th of an inch in long diameter. In 

its motion at one stage of its life its oval body iH'comes uncertain in 
form, as seen in 2, a, 4, C ; hut wdieu this lias continued for not 
more than a minute, the fiagelliim falls in iqion the body, as in 4, 
anil the organism becomes perfectly still. In this condition, aftia* a 
space ranging from ten to twenty minutes, two white bars at right 
angles suddenly apjieur, as in fig. 5 ; this is almost immediately 
followeil by another and a similar one at right angl(\s to the first, as 
in fig. r>. Then the circumforenct* of the flattened sjihere twists, 
leaving the centre unaffected, so that the body assumes a tiirbined 
appeai-ance as seen in fig. 7. After this the interioi* substance breaks 
up, and becomes a knot of slightly moving hut conqiact forms, as in 
fig. s ; wdiich remains in this state for fnan fifteen to t wenty 
minutes, and then Ixicomes di.s.sociated, as in fig. 9 ; so that we have 
here a complex form of multiple jiartition, giving ris<^ to enormous 
numl>ers, Ix^’ause, although much smaller than the form in which 
tliey arose, they consume an<l assimilate food all over, and are 
simply swimming in their j>abuluni, and so nipidly reach the 
noi’inal size, when they each enter mjon and pass through a similar 
process. 

But here also at certain j^eriinls there appeared forms that in- 
augurate distinctly genetic prex'esses. A form like fig. 10, C, appears, 
hu-gei* than the normal form, and always mottled in the part near- 
est the fliigellum. These forms rapidly attached themselves to the 
normal form.s, as seen in fig. 1 1 , which re.sulted in a blending of the 
two as they swam together, until ‘ either was melted into other ; ’ 
and a still sac, shown in fig. 12, resulted. 

This remained fi*om thirty to thirty -six hours absolutely inert ; 
but at the expiration of tliat time it burst, m seen in fig. 13, D, an<l 
pourecl out an enormou.sly <liffusive fluid, which as it flowed into the 
suiTOunding w ater appeared like a denser fluid, diflusing itself through 
one of less density ; but no spores were at this stage at all apparent. Tt 
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WttH only after much effort that we at last, l)y keeping the finest of our 
lenses near the mouth of the empty sac, were able to discover, whei*e 
l>efore nothing was visible, the aj)|M*fminc*e of minute specks, which 
l»ecame larger and larger, growing as seen in 14, 15, Hi, 17, until 
the adult size wjis reaehe<l, as at is, and by the act of multipartition 
on the part of one of these*, watched from its fii'st disclosure by the 
microsc'ope, we were able to re-enter the cycle of its life-history. 

The third form, whicli we may here consider fully, so as to present 
a good group of histories typiwd in their presentation of tlie morpho- 
logy of the wdiole of the monad-sa[)i'ophytes as we at present know 
them, is given in E ami K, Plate XV. 

The iiioiukI has l>een named by S. Kent DalUnyeria Drysdall. 
The form more I'ecently and completely studied by Mr. Dallinger — 
with all th(* advantages derived from trained experience, and under 
objectives of the liighest (piality and greatest nuignifying power — is 
seen in its normal shape in fig. i, is a long oval, slightly constricted 
iii the middle, and having a kimi of pointed neck (r/), from whicli 
prixseeds a flagellum alxiut half as long again as the body. From 
the shoulder-like projections behind this (/>, c,) arise two other long 
ami fine flagella, wdiicli aie directed hackwards. The sarcode-lxidy 
is clear, and apparently stnictiireless, with minute vacuoles dis- 
tributed through it ; and in its hinder part a nucleus {cV) is dis- 
tinguishable. The extreme length of the body is seldom more than 
the inch, and is often the monad swdms 

with great rapidity, its movements, which are gmcefnl and varied, 
being produced by the action of the Hagella, w’liich can not only 
imixd it in any direction, hut can smldenly reverse its course oi* check 
it altogether. Ihit Ix'sides this free-swimming movement, a very 
cui’ious ‘ springing ’ action is perforuieil by this monad when the de- 
composing organii^ matter of tlie infusion is breaking up, the pirxiess 
of (liHintegratioii lx3ing appirently assisted by it. The two posterioi* 
flagella anchor themselves and coil into a spiral, and the lx)dy then 
darts forwards and u[nviirds, until the anchored flagella straighten 
out again, when the Ixidy falls forward to its horizontal [losition, to 
he again drawn back by the spiral coiling of the anchored flagella. 
Tins monad multiplies by longitudinal fission, the first sbige of 
which is the splitting of the anterior flagelluni into two (fig. *J, «, ^), 
and a movement of the nucleus (c) towards the centre. In the course 
i)ifrom thirty to aorty seconda the fission extends down the neck (fig. 
a, «) ; a lino of division is also seen at the posterior end (c), and the 
nucleus (l>) shows an incipient cleavage. In a few seconds the 
cleavage-line runs tln-ougli the wdiole length of the body, the sepai a- 
tioii being widest jHisteriorly (fig. 4, a ) ; and in from one to four 
minutes the cleavage becomes almost complete (fig. 5), the posterior 
part of the body, with the two halves {a and h) of the original nucleus, 
l)eing now quite disconnected, though the anterioi* j)arts are still 
held together by a tmusverse band of sarcode, as seen in fig. 6, which 
continues to mpitlly elongate, as in fig. 7, and becomexS the length of 
two side fiagella, as in fig. 8. The forms then approach and i*apidly 
recede from each other, snapping the cord, as in figs. 9 and lo. In 
this way two forms exist in.stead of one ; and each of these almost im- 
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mediately entei's u{K)ii mid pa.sses throiigli tlie same proc'ess of fiasioii, 
which from to last is completed in from four to se^'en minutes ; 
and lieing re|>eated at intei vals of a few minutes, this mode of multi- 
plication produces a rapid increase in the nurnlxu* of the monads, 
8uch fission does not, however, wntinue imlefinitely, for after 
a successive series of fissions, followe<l in one of the divideil bodies 
for eight or nine hours, certain individuals do not again enter upon 
the process of fission, hut undergo a jieculiar cliange, which shows 
itself first in the alxsorption of the two hit end fiagella ami the great 
development of tlie nucleus, and afterwards in the formation of a 
transverse granular hand across the middle of the Ixidy (fig. U, E), 
One of these altered forms, swimming into a group in the * springing ’ 
state, within a few' seconds firmly attaches itself to one of them, which 
at once unanchors itself, and the tw o swum fr(*ely and ngorously alx^ut, 
shown in fig. 12. generally for from thirty -fi\e fo forty-fi\e minutes, 
(iradually, how’ever, a ‘fusion’ of the two bodies ami of their re- 
spective nuclei takes place, the two trailing flagella of the ‘ springing ' 
form being drawn in (fig. i:i, F) : ami in a short time longer the two 
anterior flagella also di.sapp*ar, ami all trace of the separate bodies is 
lost, the nuclei vanish, and the resultant is an irregular amadmid mass 
(fig. 1 4 ), which gradually acipiires the smooth, distemled, and • still ' 
condition repre.seiited in fig. U, a. This is a cy.st filled with repro- 
ductive particles of such extraonlinary minuttuiess that, when 
emitted from the ends of the cyst (fig. 15, a) aft(‘r the bipse of four 
or five hours, they can only be distinguished umler an amplification 
of i),0()0 diamet,ers, w'ith perfect central illumination, Le. the full 
cone of a large-angled condenser. Vet tliese particles, when con- 
tinuously watched, are soon ohstrved to enlarge and to undergo 
elongation (figs. l(i, 1 :, is, la, 20 ), and within two hours after their 
emission from the .nic the anterior flagelhun, and afterw’ards the f.wo 
lateral fiagella (fig. la), can 1 k‘ distinguished. Slight movements then 
commence, the neck-like protrusion shows itself, and in about 
half an hour more the regular sw'iminiug action begins. About 
four hours after the e.scjijie of its germ from the .'^ac, the monad 
acquires its characteri.stic form (fig. 21 ), though .still only one-half the 
length of its parent : hut this it attains in another hour, and the 
pr<x‘e.s.s of inultiplie^itioii ))v fi.s.sion, as already descrilied, commences 
vei'v soon afterwards. Theie can be no reasonable doubt that tlu^ 

‘ conjugation’ of two individuals, follow^ed by the transformation of 
their fu.sed bodies into a .sac filled with reproductive germs, is to 1 h» 
regarded (as in [irotophytes) in the light of a truef/^ncrr/^if’^proc^e.sH ; 
and it is interesting to observe the indication of sexual distinction 
here marked by the diflerent .states of the two conjugatiiigiudividuals. 
There is every rejison Uy believe that the entire lije-ctjcleoi this monad 
hiis thus been elucidated ; and it will now be sufficient to notice the 
principal diversities observed by Me.ssrs. Dallinger and l)rys<lale in 
the life-cycles of the other monadine forms which they have studied. 

The hi~Jlagdlate or * acorn ’ momul of the same observers (identi- 
fied by Kent with the Pohftonm uveUa of Ehrenberg) presents some 
remarkable peculiarities in its mode of reproduction. Its binaiy 
fission extends only to the }>rotoplasmic substance of its body, leaving 
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it8 envelope entire ; and by a repetition of the process, as many as 
sixteen segments, each attaining the likeness of the parent, are seen 
thus inclosed, their flagella protruding through the general invest- 
ment. This compound state being supjiosed by Elirenberg to be the 
normal one, he named it acconlingly. But the parent-cyst soon 
})urHt8, and sets free the contained ‘ miicro-s pores,’ which swim about 
freely, and soon attain the size cif the parent. Again, the posterior 
j)art of the body of certain individuals shows an Jiccumulation of 
gi urmlar protoplasm, giving to tluit region a roughened acorn -cup- 
like aspect ; the bursting of the projection, while the creature is 
actively swimming through the water, sets fiee a- multitude of 
indefinitely shajrieil granular fragments, within each of which a 
minute bacterium-like corpuscle is develoj»ed ; and this, on its 
release, acquires in a few liours the size and form of the original 
monad. This prcxjcss seems analogous to the develo{>ment of ‘ micro- 
spores ’ among protoidiytes by the dire(;t breaking up of the proto 
plasm. It is, like the previous pnniess, non-sexual or tjonklial^ the 
true generative process consisting here, as in the* pi’eceding cases, in 
the ‘conjugation’ of two individuals, with the usual results. 

The hookfAl monad {JlHeromita nneinata^ Kent) is another bi- 
fiagellato form, usually ovate with one end jH>inted,and from 
to T«’« ,,th of an inch in length, being distinguished from the pre- 
c(‘ding by the |Miculiar character of its flagella, of which the one that 
[U’ojetrts forwards is not more than half the length of the body, and 
is permanently hooked, while the other, whose length is about twice 
tlmt of the body, is directed hackwai*ds, flowing in graceful curves. 
Its motion consists of a succes.sion of springs or jerks rapidly follow- 
ing each other, which seems produced by the action of the hooked 
fljigellum. Multijdication takes place by transrprae fission, jind con- 
tinues uninterruptedly for several days. A difference then V)ecomes 
per(*eptihle l)etvveen larger and smaller individuals, the former being 
further distinguished by the pit‘sence of what seems to be a con- 
ti’actile vesicle in the anterioi* part of the body. Conjugation occurs 
between one of the larger and one of tlie smaller forms, the lattei* 
btdng, as it were, absorbed into the body of the larger ; and the 
resulting product is a sphericiil cyst, which soon begins to exhibit 
a cleavage- process in its interioi*. This continues until the whole 
of its sar(*odie sul)stance is sulxlivided into minute oval particles, 
which are set free by the rupture of the cyst, and of which eacli is 
usually furnished with a single flagellum, by whose hishing move- 
ment it swims freely. These germs speedily attain the size and form 
of tlie p*\rent, and then l)egiii to multiply by tmnsverse fission, thus 
completing the ‘ genetic ’ cycle. 

The calycine nwnad of the same observers (^VeiramltoB rostratuSy 
Perty) has a length of from j o^o,>th of an inch, and a com- 

pressed body tajjering backwanls to a |K)int. Its four flagella (which 
constitute its generic distinction) arise nearly together from the 
flattened fix)nt of the body, and its sw imming movement is a grace- 
ful gliding. Neai’ tlie base of the flagella are a pair of contractile 
vesicles, and further behind is a large nucleus. Multiplication takes 
place by longitudinal fission, which is preceiled by a change to a semi- 
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amoeboid state. This gives place a moi*e regular j>eai‘-like form, 
the four flagella issuing from the large end ; and the fission commences 
at their hAse, two pairs being sepirated by the cleavage-plane. The 
nucleus also undergoes cleavage, and its two halves are Ciurried apart 
by the backward extension of the cleavage. The two lialf-bodies 
at last remain connected only by their hinder prolongations, which 
speetlily give way, and set them free. Each, however, has, as yet, 
only two flagella ; but these speedily fix themselves by their free 
extremities, undergo arnpid vibratory movement, and in the course 
of al>out two minutes split themselves from en<l to end. A still 
more complete change into the anuelxnd condition, in which the 
creature not only moves, but also feeds, like an A mu ha (devouring all 
the living and dead Bacteria in its neigh lK)urhood), occurs previously 
tt) ‘ conjugation ; ’ and this takes place l)etween two of the amadoi<l 
forms, which l)egin to blend into each other almost immediately 
upon coming into contact. The conjugated bodies, however, swim 
freely about for a time, tlu‘ two sets of flagella a}H)art;ntly acting in 
concert. But by the end of alMuit eighteen hours the fusion of 
the iMxlies and nuclei is complete, the flagella art» lost, and a 
spherical <listended sac is then formed, which, in a few' hours more 
without any violent splitting or breaking up, sets free innumerable 
masses of rej)ro<luctive particles. Thesc^ imdei* a magnifying jM>wor 
of 2,500 diameters am be just recogiii.sed a.s oval granules, which 
rapidly develop themselves into the likene.ss of their parents, and 
in their turn multiply by duplicative fls.sion, thus completing the 
‘ genetic ' cycle. 

One ot the most important re.searches tlms ably pro.secuted by 
Messrs. Dallinger and Drv.sdale has reference to the temperatures 
respectively endurable by the adult or developtal forms of thest» 
monads, ami by their reproductive germs. A large numl)er of ex[)eri- 
ments up()n the several forms now' described indubitably led to tlie 
coiiciusioii tliat all the adult forms, Jis well fis all those which hml 
reju;*hed a stage of development in which tliey can he ^listinguisluxl 
from the ie])ioductive granule.s, are utterly destroyed by a tempera- 
ture of 1 50° Falir. But, on the other hand, the reprcKluctive gmnules 
emitted from the <‘ysts that oiiginate in ‘ conjugation ’ W'ere fouml 
capable of su.stainiiig a Jtuid hejit of 220°, and a di y heat of al)oiit 
50° more, those of the Cercomonad surviving exposurt‘- to a dry heat of 
500° Fahr. This is a fiu*t of the highest interest in its })earing on the 
(juestion of ‘ sponbineous generation,’ or ahiogenesis ; since it shows 
thatgeims culpable of surviving desiccation may l)e everywhere difi listed 
through the air, and may, on a(x;ount of their extreme minuteness 
(as they certainly do not exceed ^ 015 ^ diameter), 

altogether escape tlie most ciireful .scrutiny and the most thorough 
cleansing proceases ; while (2) their extnuu dinary power of resisting 
heat will prevent these germs from being killed, either by boiling, or 
by dry-heating up to even 300° Fahr.* 

Beyond the.se facts othei*8 of .some importance, as well as a new 

’ Descriptions of the special apparatus used by Messrs. Dallinger and Drysdale 
in their researches will be found in Monthly Micron. Jouni. vol. xi. 1874, i>. 97 ; ibid. 
vol. XV. 1870, p. 165 ; and Proceed. Hoy, Hoc. vol, xxvii. 1878, p. 848. 
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saprophytic organism ' of sj)e(*ial character, have l>eeii disco vere<i 
during a recent |>ei*icMl. But it will lie of more luoment here to note 
tf) what an extent in tliis sei'ies of ol>serv*ations the item homoyenemis 
ohjectives, especially ///- their apachrimiaiic fdr'ta^ have l)een success- 
fully employed in enlarging the aiea of knowledge. 

The presfuit Editor lias gom* carefully over the gi'eater jMU't of the 
work, revising all the critical |M)int.*^ with tlu* best ajKK*hromatic ob- 
jectives, and the homogeneous forms of m-hromatics with an aperture 
t)f 1*50 and with a clear demonstration of the immensely greater eiuse 
with which the work could have been done had these lenses l)een used 
in the original investigation. 

But the easily accessible ja-oofof this is given in the work d()ne by 
Dr. Dallinger ujM)n the io/cAv/^of the nucleated forms of these monads. 

Briefly to present the facts, we may recall the part taken in the 
act of fisHion in tlu* form last described {Dalliafjeria Drysdali). It 
will l>e seen by reference* that it app<‘ar<*<l to us that the iHirle.Hs fol- 
loiced the processes i aa ay u rated hy the somatic sarcode. That in fact 
it wius a paHsive participator in the act of fission. This is all that 
can be niaxle out to-day by the vei v lenses oi iginally employed. 

But by the (‘luployinent of a ,'.jth inch and homo- 

geneous of N.A. I T)!) by Powell and Lealand. and an a|M)chromatic' 
of i^jfth inch N.A. 1‘4() by tlu* same firm ; and also by the use of 
the beautiful .‘1 mm. and 2 mm. N.A. 1*40 of Zeiss (aiXH’hromatic), 
it can be seen with comparative (*ase that it is in the nacleas that 
all the activities of tlu* IkmIv are oriyi anted. 

This may be followed from a study of Plate XV’ I. Fig. 1, A, 
r(*presents the nucleus of tlu* form drawn at fig. 1, E. Plate 
XV. In long diameter it is of an average length of .^ 0001 ^^^ 
inch ; but instead of being a darkly refractivt* object, as seen with 
the objectives used twelve* years ago, it is with the prese»nt lense*s, 
freed from chromatic and spherical aberration, a body in the monad 
undergoing no proce.ss of change, am ovad globule witli a coinpli(*a»ted 
j)lexus-like inv'olution throughout its sid)stance, ais seen in fig. n, A, 
Piaite XVl. But directly the ])r<K*ess of fis.sion is to be inaiuguraited, 
we need not wait to set* its first aaction in the .splitting of tlu* 
flaigellum, ais in fig. ’J, E, Plaate XV'^ ; for by observing the nucleus 
we di.scover, before ainy chamge baas In^gun in the bcHly-substamce, 
tluit the ple,ras in the nucleus liats coiulen.sed itself on either side of 
th-e na^letiSy as in fig. I, A, Plate XVl. A cleaar spice is left ait c, 
aiud no chamge has taiken place in tlu* iKMly-sarcoile, a, a, a. But 
shortly an incision taikes plaice in the nucleus, ais at f/, fig. 2, and 
this is immediately follotced by the incision f in the Ixxly-saircode, 
and the proceas goe.s on simultaineou.sly in nucleus amd Ixxiy, jus in 
fig. .1, until the division of the nucleus is completely effected, and the 
totad sevei*auice of the lx>dy follow’s. 

But aia soon as the nucleus is divided, the plexus, which 1ms been 
tluring division, au? in fig. 3 , condensed over part of eaich dividing 
half, at once distributes itself evenly again, as in fig. 0, A, and re- 
mains so until another change is iiiauigumteil in the form to whiqh 
the nucleus l)elongs. 

' Jo urn. of Boy al Mic*' 09 . Soc, vol. v. 
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Not less remarkable is this in the ctmjityniion the same form. 
With the <»1(1 lenses we could only diswver that the eiul of a 
series of fi.ssions liad been I'CJiched by the change which came c»vei* 
the entire lualy of the terminal form seen in ti^. ll, E, Plate XV. 
Hut now, l)efore the amoelKud .state j>rece<ling the assumption of 
the condition shown in fig. 1 1 takes place, it can l>e seen that the 
nucleus undergoes remarkable change, for it pas.ses from a highly 
refiactive plexus-like condition into a large milky struct ureless state, 
an<l in thi.s conditk)u bleials with tme of tlu‘ onlinary forms whose 
nucleus is of the ordinary type. The first result of fusion is seen in 
fig. 4, A. Plate XVI, .showing only the greatly magnified blemled 
nuclei, and ^vhere the blending Intween them is .st‘en to be nearly 
comjdete at r/, and a nucleus oi- nucle(>lus is manife.st ; while 
wlum the hlemling is more jHU-fect there is a dilfusion of this 
central or nucleolar IhuIv through tlu* sid)stance of the wlu»le, as in 
fig. .5, A. 

In B, Plate XVI, tin* nucleus only, .separ.itt* frtan the body of 
the oigani.sm known a.s I'Hrantittts ntslrrtfjts, is shown as W(‘ can 
reveal it with recent (lerman and English apochromatic objectixes. 
This entire organism is relatively large*, ami its nuch*us will avenige 
m long diameter the in(‘h. 

Hence it afiords a still Iw^tter means of stiuly. Now' this 
organi.sin divides hy fission for a very con.si(h*rahl(* tiim*, hut at- length 
many forms lu^cona* ama*lM>i<l — acting precisely as an >un(X‘ha, but 
retaining traces of theii' [iriiiial form. In this state* two ot* them 
blend, and as a residt a sa<* <^f sjku'c is formed fiom which a new’ 
generation arises. 

We cmd<l with the old objectives determine nothing mort* than 
the fact that the anaelKiid form had sujH*i vt*ned ; but now it is (*asy 
to show’ that tla* nuch*us in the body of a form not yet amadiord is 
undergoing change u]>on wdiich the aiiuclHiid .state is certain to 
su])ei vene. < 

This is even more .striking in the growt h of the genu. It atbiin.s 
a certain .size iu growth, ami then there is an arrest of all eidavge- 
im*nt. This we ]ia<l long' (d).sei ved in the earliei’ oh.sei*vation.s. But 
now' with ajjoclii'omatic <>hject-gla.s.se.s it has he(*n demonstrated that- 
this arrest of outward growdh is ouly the signal for an internal de- 
velopment. Fig. 1. H, Plate XVI,. shows theeomlition of the nuckuis 
when there is an ajijmrent pause in its growth. Fig. 2 show’.s tin* 
.siime nucleus after alxait forty minutes of external inaction, a plcxu.s- 
like formation having filled its substance. 

The nuelens remains thus in the mature Inaly of the monad 
antil Jissioii Is to he bum go rated, when tlie change .s(*en iu fig. ri, 
followed by the chnngiis and deeper division .seen in figs. 4, 5, <’>, 7, 
and H, en.sue, and after the state of the n Helens .seen in fig. 4 has 
been reached, the division of the entire Ixxly la*gins. 

It thus aj)j>eai’s that a fonu of karijokioeHis takes place in the 
nucleus of even .such lowly forms as these, and that it is the nucleus 
that is the seat of their intenseat vitality. 

A large series of more complex forms of flagellat<^ Infusoria 
has l>een brought to oiir knowledge hy the re.searches of the late 
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ProfesHor JanieH-Ckrk (U.8.A.),' followed by those of 8tein, Haville 
Kent,* and Bergh. In some of these a soii; of collar-like extension of 
what appeal's to be the protojdasmic ectf)sarc pi'oceeds from the anteidor 
extremity of the body (fig. .585, c*/), forming a kind of funnel, fi*om the 
bottom of which the flagelliini arises ; and by its vibrations a cur- 
rent is produced within the funnel, which brings down food-jm-ticles 
to the ‘ oral disc ’ that siu'roumls its origin while the ectosfU*c seems 
softer than that whicli env4‘lops the rest of the Ixsly. Towards the 
base of the collar a nucleus (m) is seen ; while near the })Osterior 
termination of the IxmIv is a single or double contnictile vesicle 
The lK)dy is attache<l by a pedic^cl proceeding from its [X)sterior 
extremity, which also seems to be a prolongation of the ectosjirc. 
These animalcules multiply by longitudinal fission ; and this, in 
some cases (as in the genus MohohUjo)^ proceeds to the i*xtent of a 
complete separjiticm of the two bodies, which henceforth, as in the 

ordinary Mon, mil 



live (jiiite independ 
ently of each othei-. 
But in other forms, as 
i UhIos i <ja , the fissi oi i 
<loes not extend througl i 



Fiu. 585. -Single zoJJul (if umhellata : eJ, 

collar; a, nucleUH ; cr, double contractile vesicle. 


th(* })ediee], and the 
twin Ixidies being thus 
luOd togt‘tht‘r at their 
bas(*s, and themselves 
undergoing duplicative 
fission, cliistei's arejiro- 
duced which spi-ing 
from common pedicels 
(fig. 58(>) ; and hy 
the extension of the 
division down the 
pedicels themsel ves, 
comjM)sit(‘ arborescent 
fabrics, likt^ those of 
zoiiphytes, ar(' pro- 
duced. 


In another group a structureless and very transparent horny 
cidyx, closely resembling in miniature the ^x)lype -cell of a Campanu- 
laria, forms itself round the b<xly of the moiiaxl, which can retract 
itself into the bottom of it; and in the genus Salplnyiitca both 
calyx and collui* ai*e present. In some forms of this gnmp multi- 
plication seems to bike place, not by fission, but by gemmation ; 
and, as among hydroid jKdypes, the gmimm may either detach 
themselves and live indejiendently, or may remain in connection 
with their pai'ent-stocks, forming composite fabrics, in some of which 
the calyces follow one another in linear series, while in othei*s they 


' See his memoirs in Ann, Nat, Hht, ser. 8, vol. xviii. 18(»C; an, rit. ser. 4,vol. i. 
1868 ; vol. vii. 1871 ; and vol. i.x. 1872. 

* See his Manual of the ln/i(,soriny I88l>-4i2, 2 vols. ivnd 1 vol, of plates. 
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Dll ;i rimiityiiii! . W hilt* >01111' of t box' coinp. .->ii (> 

oi-i::iiii>iii-' .in* x'dont ;irv. otlu'iv''. .m> I , art* tVi'i' >\vmmiiiii:. 

Two --oliljiry o torms. A :mm 1 A msiuirintt , ina\ 

1)0 >|n'cia!iy iioliciMl a> proM-ut iiii; >o\(‘i'al mtt>rr>iini^ |>oinl> of 
)la lice to till- peculiar typo next to in* di'scriin'il, the iiio>t 
not icoalijo Ix'in;^ tln' }>ri‘>on('»* of a (li>fiiu*l iiiontli and flir po»(‘»ion 
of two dillori'iit mot or oiijai i> a fomparat im'In >loiit and >tii]’ 

l»ri>tli‘. of iiiiifonn diainotn- t hroimiioiit . wldrli mo\«'> 1 )\ or{*a>ii>iial 
jorks. and tlic otlior a \»‘iy dt'licatr ta]Mnini: tla^ollnm. which i> 
111 con>tant \ihraloi\ motion. II. a> appears iVom the ohserxa 
tion> o( Ihitschli. the ui -11 kn<»wn Astn>:n( of which om* 'pet-ics has 
a ])lood red colour, and sometimes mnlliplies to >nch an extent as 
to t iniie the water oi‘ tin* pomis it itdiahits lias a 1 me mont h for t he 



Fi(t, r>Hr». ( '(idds/ffii ii III hrll (I t II : ('iilnuy ''I'riiirm'/ -iii’^lc 

j» <lir<'l t rip.-irt if riy lao in lie- 1. 


rece])t ion’ of its food, it mn>t he ren.o dod a> an aniii.al. and sepa 
rated from till- /f/yr/A /o/ (wit li w hicii it has hi'en ^i^erim-a 11\ a- ocimI «' d). 
the latter hi'inLT j>ret1\ cei'tainU a plant 1 leloiiLii Iil; to lie ame 
iironp a.s Wi/ro.rA 

d’here can he no lonirm* any donht that the well known A ik'I tinea 
mUiaris to which is at t rihnta hh- tin* fhjfasrd luminosity that Ire 
(pienth prex'iits i t >rlf in Ihitisli .x*,!'- i.~ to he leo^anlcd as a i.d;^antic 

tyjie of tile ‘ nnicellnlar ‘ l-'laifellahi . 'This animal, which is of >phe 
roidal form, ami has an a\ eraiie diamet m' ol ahont *.',,tf' inch, 

is j list la lire (‘lion li:h t O lx- discerncil l)\thenake<l eye when the Water 
ill w hich it ma\ he swimminy: is contained in a y;lass jar held np to 

■ Scf tlir iiviMnoir liy iVrof. iJiii -clili in '/ • i ! -rh ri ! t t'. \V i '-st n '.t h . '/.i.i.l, lift, xxx,, 
ef uliicli ill! iwitli a. (^mni. .fnin u. Minos. Sn. vol. xix. 

IsT'.'. 
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the light ; and its tail-like appendage, whose length alK)ut equals 
its own diameter, and which serves as an insti iiment of hK'omotion, 
may he discenied with a hand-msgriifier. The form of Xoctiluca is 
nearly that of a sphere, so compressed that while on one as|)ect (fig. 
587, A) its outline when [projected on a plane is nearly circular, it 
is irregularly oval in the aspect (11) at right angles U) this. Along 
one si<le of this >>ody is a meri<lioiial groove, resembling thet of a 
petudi ; and this leasts at one end into a deep depression of the sur- 
face «, termed the from the shallower commencement of 

which te.ntacle^ originates ; whilst it de(!pens down at the base 
of the tenta<‘le to the naaith, e. Along the opposite meridian there 
extends a slightly eh‘vated ridgt*, c, which commences with tie* 
appearance of a bifurcation at the end of the at]*ium farthest from 



Fin. 687. Nocf t/ncft ttnlians ah M*en at A tm tli« aboral side, and at 
B Oil a plane at rij^ht anjcles to it : a, entrance to atrium ; h, atrium ; 

/•, Huperficial rid^e ; t?, tentacle; r, mouth leadin>< to u^suphagUB, 
within which are Keen the tiaj^elluiu npringing from it** hawe, uiul the 
tooth-like procewK ])rojectin^ into it from above ; /, broad jiroceHs from 
the central jn'otoplasmic luanH pr<x!«edinj( to HU]>erficial ridt'c ; < 7 , 
duplicature of \vail; /i, nnclens. (Magnified about 90 diameters.) 

the tentacle : this is of firmei* consistence than the rest of the hody, 
and has somewhat the ap[>earance of a i*od imbedded in its walls. 
The mouth opens into a short lesophagus, which hnuls directly down 
to the gimt central protoplasmic mjuss ; on the side of this canal, 
fartliest from the tentacle, is a firm ridge that forms a t(X)th-like 
projection into its cavity; whil.st from its floor there arises a long 

* The or^aii here termed ‘ tentacle ’ih commonly designated JiageUiim ; while 
what 18 hero termed the fiugrlhtm i8 spoken of by most of those who have recognised 
it as a cUium, The Author agrees with M. Robin in considering the former organ, 
which has a remarkable resemblance to a single hbritla of striated muscle, as 
one peculiar to Noctilura, and the latter as the true homologiie of the flagellum of 
the ordinary Flagellata. It is cunous that several obst^rvers have been unable to dis- 
cover the so-called ciliuin, whicli was first noticed by Krohn. Professor Huxley sought 
for it in at least fifty individuals witliout success ; and out of the great number which 
he afterwards examined he did not get a clear view of it in more than half a dozen. 
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jiagelUtm^ which* vibi-jiU\s frwly in its interior. Tlie (*enti'al pn>to' 
plasmic mass semU off in all diivetioiis bniiiehiujj^ prolongjitions of 
its substjaiee, whose I'juuificatiims inosculate ; these become thinner 
and thinner a.s they appi^)aeh the [>eriphery, and their ultimate 
filaments, coming into contact with tlie delicate membranous IxKly- 
wall, extend themselves over it< interior, forming a protoplasmic 
network of extreme tenuity (tig. 588). Besides these hninching 
prcdongjitions, tliei*e is sent off from the central protoplasmic mass a 
broad, thin, irregularly (|uadrangular extension (fig. 587, lb/), whieb 
extemls to the supei*tieial rod-like ridge, ami seems to t'oalesce with 
it ; its lower free edge has a tbiekenetl border ; whilst its upper 
edge Weomes continuous with a plate-like striated strm*ture, </, which 
seems to be formed by a peculiar dnpli<*ature of tbi* Ixxly-wall. At 
one side of the )>rotoi)lasmi(* mass is seen a spluu ieal vesicle, /<, of 



Fks. 58H. Vortioilof siUKr^rfiouil protopluHnuc mtifulatioa formed 
by raiinfioatioii of an e\t«*nBi<ni a of fcntrul uianB CMaKnified 
1,000 diameters.) 

about diaim‘t<*r, having clear colourless 

contents, among whicli trauspanuit oval eorj>u.seh^R may usually b«* 
detected. This, from the changes it undergoes in connection with 
the reproductive pr(x*ess, nnist Iv regarded as a n(fch((,8. 

The particles of food drawn into the mouth (prolmbly by the 
vibmtions of the flagellum) seem to he iM*ceived into tlie protoplas- 
mic mass at the lx)ttom of the oesophagus by extensions of its sub- 
stance, which inclose them in filmy envelo|xis that maintain them- 
selves as distinct from the suiTOUiiding protojilasm, and thus consti* 
tute extemporised digestive vesicle.s. These vesicles soon find their 
way into the radiating extensions of the central mass (ax shown in 
fig. 587, B), and are eiisheathed )>y the protoplasmic substance which 
goes on to form the peripheral network (fig. 589). Their number 
and position are alike variable ; sometimes only om^ or two are to 
be distinguished ; more commonly from four to eight can be seen ; 
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and even twelve or more are occaaionally diHceriiible. Th^ place of 
each in the body ia constantly l)eing changed by the contractions of 
the protoplasmic substance, these in the first jdace cai*rving it from 
the (centre towards the ])eripheiy of the Wly, and then caiiying it 
back to the central mass, into whose sulistance it seems to l)e 
fused as sckhi as it hits discliarged any indigestible material it may 
have contained, which is got rid of thi-ongh the mouth. Every pai*t 
of the protoplasmic reticulation is in a state of incessant change, 
which serves to distribute the nutrient material that finds its way 
into it through the Wfdls of the digestive vesicles ; but no regular 
cycloaia (like that of plants) <*an In* ol)served in it. Besides the 
‘digestive vesicles,’ vacuoles filled with clear fluid may be distin- 
guished, alike in the ccmtral protoplasmic mass, and in its extetisioiis 
as is shown in the centre of fig. 587. There is no contractile vesicle. 

The peculiar ‘tentacle’ of Xoctilaca is a flattened whip-like fila- 
ment, gradually tapering from its base to its extreniitv. the two 
flattened faces being directed respectively tow^ards and away from 
th(‘ oral apertui'c. When eith(*r of its flatteneil faces is examined, it 



Pro. 5B9. ' Pair of dififestivo voHicIoH of Norfilurn lynigin course of cxteii- 
Hion of central protoplaHinic inasH, o, to form peripheral reticulation, 
h, and coutainiiijs' reinaiiiH of Algte. (Magnified 4S0 diameters.) 


shows an alternation of light an<l <lark spaces, in every respect 
resembling those (»f striated muscular fibre, except that the clear 
spaces are not snlMlivided. But wlieu looked at in profile, it is s(‘eu 
that between the sti’iated baud and the alx)ral surface is a layer of 
granular protoplasm. The tentacle slowdy bends over towards the 
mouth about five times in a minute, and straightens itself still more 
slowly, the middle portion rising fii-st, while the j)oint tipprofiches 
tlie to form a sort of l(K)p, which presently straightens. 

It seems probable that the contraction of the substance forming the 
dark l)ands jucKluces the bending of the filament ; whilst, when 
this relaxes, the filament is .stniighteimd again by the ehisticity of 
the gi'anular layei*. 

The extmne transparence of Xoctiluca rendei*s it a fwirticularly 
favourable subject for the study of the phenomena of phosphorescence. 
When the surftvce of the sea is rendered luminous by the geuenil 
diftiision of NoctlhvccB, they may be obtained by the tow-net in un- 
limited quantities ; and when tmnsferred into a jar of sea-watei*, 
they soon rise to the surface, where they form a thick stmtum. The 
slightest agitation of the jar in the dark causes an instant emission of 
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their light, which is of a beautiful gi^eenish tint, and Is \ivid enough 
to be perceptible by onlinai'y lainp-light. This Imuiiuxsity is but of 
an inst«int*s duration, and a short rest is i*e<juii'etl for its ivnewal. A 
biilliant but short-lived display of luminosity, to l)e followed by its 
total cessation, may l>e pnaluced by electric or chemiml stimulation. 
Professor Allman found the addition of a di*op of alcohol to the water 
containing specimens of Xoctiluca^ on the stage of the micm^cope, 
prwluced a luminosity stiong enough to l»e visible under a half-inch 
objective, lasting with full intensity for several secomls, and then 
gi*adiially disjippeariiig. lie was tlius able to satisfy himself that 
the special seat «>f the phosj>horescence is the peripheral protoplasmic 
i*eticnlatioii which lines the external sti-nctnrele.ss membrane. 

The i-eprcMlnction iii this interesting tyj>e is effected in various 
ways. According to Cienkovvskv, even a small portion of the pi-oto- 
plasin of a inntilated Xoctilu^a will (as among rhizo[)ods) repr<Mlnce 
the entire animal. Multiplication by fission or binary snlwii vision, 
l)eginningin the enlargement, constriction, and sejiaration of the two 
halves of the nnclens, has been frequently observed. Anotluu* form 
of lion-sexual reprtHluction, which seems jMirallel to the ‘swarming’ 
of many protophytes, commences by a kind of encysting process. 
The tentacle and flagellum disapjiear, and the mouth gradually 
narrows, and at hist closes iqi ; the meridional gi*oove also di sap jxmrs, 
so that the animal becomes a elosed hollow sj)here. The nucleus 
elongates, and beeoiness transversely constricted, and its two halves 
separate, each remaining connected with a lun't ion of the protoplasmic 
network. This d\iplicativ<j sulxlivision is re|K"nt(Ml over and over 
again, until as many jls 512 ‘goinnniles’ are formed, each consisting 
of a nuclear pai'ticle enveloped by a piotoplasniic^ layer, and each 
having its flagellum. Th(‘ entire aggregate forms a disc-like mass 
projecting from the surface of the sjiheiv ; and this moss s(»nietimes 
detiiches itself as a whole, subsequently breaking up into individuals ; 
whilst, more commonly, the gemmules detfich themselves one by one, 
the sejKiiatioii begiiiniiig at the margin of the disc, and proceeding 
towanls its centre. The gemmules are at fii-st closed monadiform 
spheres, each having a nucleus, contractile vesicle, and flagellum ; 
the mouth is subseijuently forineil, and the tentacle and permanent 
flagellum afterwards make their appMi ranee. A ])r<K!essof ‘conjuga- 
tion ’ has abo In^en oliserved, alike in ordinary Xoctilmo', and in their 
closed or encysted fonns, vvliich seein-s t-o l>e sexual in its nature. 
Two individuals, ajiplying their oml surfnc^es to each other, adhei*e 
clo.sely together, and their nuclei l)ecome ix)nnecte<i by a bridge of 
protoplasmic substance. The tentacles are thiown off, tlie two l»odie« 
grmlually coalesce, and the two nuclei fuse into one. The whole 
process occupies alKiut five or six horn’s, hut its results liave not been 
followe<l out.* 

1 Nociihfca lian been the subject of numerouH memoirs, of which the followinff 
are the most recent : Cienkowsky, Arch f. micros. Anal. Bd. vH. 1871, p. 181, ana 
Bd. ix. 1873, p. 47 ; Allman, Quart. Joum. Micronc. Sci. n.s. vol. xii. 1872, p. 827 ; 
Kobin, JToMm. dc VAnai.et de Physiol, tom. xiv. 1878, p. 686; Vignal, vireik. de 
Physiol. 8^r. ii. tom. v. 1878, p. 415; Btein, Xl&r Organismus der InfusionstHiere^ 
iii. 2, 1888; and BUtschli, Jlforp/tof. Jahrhiich.x. 1885, p. 529. For the gronp of 
which Hand the Mediterranean genus L^todiscus (Hertwig|are tlie representatlYea, 
Haeckel has suggested tlie name CystofLagellata. 

3 I) 
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The name Cilio-Jlayellata and the definition of the group must 
both be altered, now that Klebs and Biitschli have shown that what 
was regai-ded as cilia in the transverse gi'ooves of their bodies is 
r-eally a fiagellum ; the name to Ihj used is JHnoJlcigellata} Al- 
though this group does not contain any great diversity of forms, yet it 
is specially woi*thy of notice, not only on account of the occasional 
ap{3earance of some of them in extraonlinary multitudes, but also for 
their jx)wer of forming cellulosi^— a propei*ty which is often thought 
to be particidarly chamcteristic of plants. The Feridiniiim observed 
by Professor Allman in 1854 was present in such quantities that 
it imparted a brown colour to the water of some of the large ponds 
in Phmnix Park, Dublin, this colour I)eing sometimes uniformly 
diffused, and sometimes showing itself moi-e dc^eply in dense clomls, 
varying in extent from a few" s<juai*(< >'ai'ds to u])wards of a hundred. 
The animal (fig. 590, A, 11) has a form approacliing the sphericjil, 
with a diameter of from i^\,oth to inch, and is 

partially divided into two hemis})heres }>y a deej) equatorial furrow, 
«r, whilst the flagellum- bearing liemisphere. A, has a deep meridional 
groove on one si(h‘, />, extending from the equatorial groove to the 
pole, the flagellum taking its origin from the bottom of this vortical 



Fie. niMK -Veriduutini Hhcnmiuin: A, B, front uiid back viewn ; 
C, encysted wtttjje; D, duidicative Hubdivisiou. 


groove, near its junction with the equatorial. The members of this 
gi’oup vary considerably in their mode of taking food ; from the 
researches of Bergh it would appear that those which are provided 
with chi*oiuatophores have a plant-like moile of obtaining food, while 
those which are without chromatophores are truly animal in their 
method of alimentation. A ^ contractile v esicle ' has been rarely 
observed ; but a large nucleus, sometimes ov ul and sometimes horse- 
shoe-shaped, seems always present. The Pevklinia multiply by 
transverse fission (fig. 590, D), which commences in the subdivision 
of the nucleus, and then show^s itself externally in a constriction of 
the imgrooved hemisphere, parallel to the equatorial furrow. They 
pass into a quiescent condition, subsiding tow"ai*ds the bottom of the 
water, and the loricated forms appear to thi’ow oft* theii* envelopes. 
Thei*e is reason to believe that conjugation obtains in certain cases : 
Glenodinimn cinctmih lias been observed by Professor Askenasy to 
copulate, but the development of the zygote, as the pi*odiict of copu- 
latioa may be. called, has not yet been worked out. Some of the 
Peridinia are found in sea-water,* but the mast i*emarkable marine 

1 Or, more correotlj^, Dinoniastiffophora, 

See F. Schiitt, * Xw Peridineett aer Pia»kton Expedition, Ergehn. Plankton 
Empod, lo95. 170 pp. and 27 pk. 
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f«)rms of the cilio-Ha^^^llate ^n^up belon^^ to tlu* ircaius ( '> rtitifun (fig. 
oOl), in which tin* cuirass (‘xtt'nih itst*lf iutn loug Ih'iun a|tj)ciHl:ig(‘s. 
Ill the Cerathtm ( ! ) thc»*c arc tlirt'c of llu>s<* a^ipcndai^t's ; two 

of them curved, proceeding fn>m the anterior jiortion <>f tie' cuirass, 
and the third, \vldch is strsdght or nearly so. tVoiu its posttuior 
portion. ddu'V are all more or less jagged oi‘ spinoiis. In ( 'v/utt i mn 
J'urca (2) \\\i^ Twai Jinttuaor lioins are piolonge<l straight foinards. 
one of them being always longer tlian the otlur : whilst the postciioi- 
is prolonged stmight backwards, 'flic anterior and postiu ior halves 
of the cuirass ar(‘ S(‘parate<l by a ciliated furrow, from one point of 
which the llagellum arises; and at the (uigin of tliis is a <h‘<‘p 



Kk;. r»‘.n. 1, Ceratium trij/oH\ 2, i'rrui hnn furfo . 


<h‘pr(*ssion into which the flagellum may bt‘ complolely and suddenly 
witlidrawn. ddie A utlau' has fouial lie- CiratiHin fnpos extremely 
abundant in Lamlash Ikiy, Arran, \\hcre it constifutes a principal 
article of t he food of t he t hat inhabif its bottom.' 

Ciliata. — As it is in this trilM* of aiiimalcuics that tie- action of 
the organs termed /aV/e has the most im|)ortant eonms'tion witli 
the \ ilal t’lim'l ions, it se<‘ms desii-ahle here t(» introdncf a more 
partieidar notice of them, d’hey ai-e alwa\s found in connection 
with r^7/.s’. of w lio-c j)rotop]asmic substance tlicy may !»<■ considered 
as extensions. cndo\vc<l in a special dogrec u illi its cliaracterisi ic 
contractility, 'idle torm (►!' the filaments is nsnally n litth- llatti-ned. 

' See Allman in Qmirt. Mirfnsr. Journ. vol. iii. is."*.-*, jt. 21 ; H. - < Jiirk in 

Ann. 'Xni. Hisf. snr. lii. veil, xviii. ]>. tgH ; M (.r/ilnil . ’hih 1 hn rh . \ii.lHHl. 

]». t77. and VanliiitTnii, /<>{,!. Anzriij. \ix. Isar., 


:i a 2 
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tiipering gi-adually fi*om the base to the point. Their size is ex- 
tremely vaiiable, the largest that have Iwen observed being about 
j^th of an inch in length, and the smallest about When 

in motion each filament appeai-s to l>end from its root to its point, 
returning again to its original state, like the stalks of com when 
depx’essed by the wind ; ami when a numl)er ai'e affected in 
succession with this motion, the appeal ance of progressive waves 
following one another is prixluced, as when a coi-nfield is agitated 
by successive gusts. When the ciliary action is in full activit}% 
however, little cnn be distinguished save the wdiirl of pai'ticles in 
the surrounding fluid ; but the brick stroke may often lie perceivetl, 
when the forvmrd stroke is made too quickly to be seen, and the 
real dii'ection of the movement is tlien opjxisite to the appai*ent. In 
this back stroke, when made slowly enough, a sort of ‘ feathering ’ 
jiction may be obsei ved, the thin eilge l>eing made to cleave the 

A li 



Fio. 502. — A, Kerona mlurua: a, contractile voBicle; 5, 
mouth ; c, animalouleA swallowed by the Kerona, after 
liHviiig ilieniselveg iagented )>article8 of indigo. B, 

Para menu in rav datum \ a, a^ contractile vesicleB; 

5, mouth. The dotted lines indicate currents. 

liquid which luu^ been sti*uck by the broad surface in the opposite 
<Ui*ection. It is only when the rate of movement has considerably 
slackened that the shape and size of the cilia, and the manner in 
which their stmke is mtule, can be clearly seen. Their action has 
l)een observed to continue for many houns, or even days, after the 
death of the body at large. As cilia are not confin^ to animal- 
cules and zoophytes, but give motion to the zoospores of many 
pmtophytes, and also clothe the fi'ee internal surfaces of the respi- 
lutory and other passages in all the higher animals, including man 
(our own experience thus assuring us that their action takes place, 
not only without any exercise of mill, but even without crmsciouB’ 
/less), it is clear that to I'egai'd animalcules as possessing a ‘ voluntary ^ 
control over the action of their cilia is altogether unscientific. 
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aperture (fig. 593, A, B), or are limited to some one pai-t of it, 
which is always in the immediate vicinity of the mouth, sup- 
plies the means in this group of Infusoria both for progi*es- 
sion through the water and for dmwing alimentaiy particles into 
the inteiior of their bodies. In some their vibration is constant, 
whilst in others it is only occasional. The modes of movement 
which infusory animalcules execute by means of these insti*u- 
ments are extremely varied and remarkable. Some propel them- 
selves directly forwards, with a velocity which appeal’s, when highly 
magnified, like that of an arrow, so that the eye can scarcely follow 

them ; whilst others drag their 
^ Ixxlies slowly along like a leech. 



Fig. 603. — Group of Vorticelln nehuhtera 
ghuwing, A, the ordinary form ; B, the 
game with the gtalk contracted ; C, the 
game with the bell cloned ; D, E, F, huc- 
ceggive gtageg of fig8ix)arouH multiplica- 
tion. 


Some attach themselves by one 
of their long filaments to a fixed 
point, and revolve around it with 
gi’eat rapidity, whilst others 
move by undulations, leaps, ov 
successive gymtions: in short, 
there is scarcely any kind of 
animal movement which they 
do not exhibit. But there are 
cases in which the locomotive 
filaments have a bristle -like fiini- 
ness, and, instead of keeping 
themselves in rapid vibration, are 
moved (like the spines of Echini) 
by the contraction of the integu- 
ment from which they arise, in 
such a manner that the animal- 
cule crawls by tlieir means ovei* 
a solid surface, as we see espe- 
cially in Trichoda lynceus (fig. 
597, P, Q). In ChUodo7i an<l 
Xoasida^ again, the mouth is pro- 
vided with a cii’clet of plications 
or folds, looking like bristles, 
which, when imperfectly seen, i*e- 


ceived the designation of ‘ teeth ; ’ 
their function, however, is rather that of laying hold of alimen- 
tary j)ai’ticles by their expansion and subsequent drawing togetbei* 
(somewhat after the fiushion of the tentacula of zoophytes) than of 
reducing them by any kind of masticatory process. Some, like 
Opatina, are entoparasitic, and have no mouth ; a form allied to 
Opalina (A'tioplophrya circulans) lives in the blood of Aaellus 
aquaivyus ; other entojminsites, such as Trichonympha in the ‘ white 
ant,' still possess their mouth. The curious contraction of the foot- 
stalk of the Yortwella (fig. 593), again, is a movement of a dilfferent 
nature, being due to the conti-actility of the tissue that occupies 
the interior of the tubular pedicle. This stalk serves to attach the 
bell-shaped body of the animalcule to some fixed object, such as a 
leaf or stem of duck- weed; and when the animal is in search of 
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food, with its cilia in active vibration, the stalk is fully extended. 
If, however, the animalcule should have di*awn to its mouth any 
particles too large to be received within it, oi* should be touched by 
any other that hapjiens to be swimming neai* it, or should be 
‘ jarre^l ’ by a smart bip on the st4ige of the microscope, the stalk 
suddenly contracts into a spiial, fi-om whicli it shortly afterwards 
extends itself again into its previous condition. Tl\e centi*al cowl, 
to whose contractility this action is due, ha.s l>een described as 
muscular, though not posse.ssing the chanicteristic structinv of either 
kind of mu.scular fihi’e ; it pos.se.sses, liowever, the sj>ecial irritability 
of muscle, l>?ing instnitly calle<l into (saitraction (accoixling to the 
observations of Kiihne) by electrical excitation. The only special 
‘ impressionable ^ organs ^ for the ilirection of their actions with the 
possession of whicli Infusoria can credited are the delicat^^ 
bristle-like bodies whicli jiroject in .some of them from the neighbour- 
hood of the month, and in Stentor from ^ arions parts of the surface. 
The red spots seen in many Inftfsoria, which liave been designated 
iis eyes by Profes.sor Ebrenberg, from their snpjxi.sed correspondence 
with the eye-s})ots of Roiifera. really bear a niiicli gi*eater re- 
semblance to the red sjx^ts which are so frecpiently seen among 
protophytes. R. Hertwig, who .seems to liave successfully defended 
himself against the stricturt\s of Professor Vogt, has descril^ed a 
vorticellid — Er}iihrop8ls (ujWih — a.s having a ])iginont-spot which, 
cannot but be regarded as a rudimeiit4irv eye ; Metsi’hnikoff, who 
thinks that Eriftliropsis is an Acinetaii, found a similar form with a 
similar eye near ^Madeira ; and Hark(*r observed that if light be 
allowed to fall on a part only of a colony of OphrUlium vorHaiiU all 
the members scwni congregate to the illuininated portion. 

The interior of the IkmIv does not always s<‘ein to consist of a 
simple undivided cavity occupied by .soft protoplasm ; for the tegii- 
mentary layer ap^iears in many instances to send iirolongations 
across it in different directions, so ns to divide it into clianil)eT>5 of 
irregular .shape, freely com mnnica ting witli each other, which may 
be occupied either by protoplasm, or by particles intrcMlneed from with- 
out. The alimentary particles Avhicli can be distinguisJied in the 
interior of the transparent bo<lies of Infusoria are usually proto- 
phytes of various kinds, either entire or in a fi-agmentary state. 
The Diatomacejc seem to lie the ordinary hxHl of many ; and tlie 
insolubility" of their lorlctv enables the ol»server to recognise them 
unmistakably. >Sometimes entire lnfu.soria are olisei ved within the 
bodies of others not much exceeding them in size (fig. 597, B ) ; but 
this is only when they have l)een recently swallowed, since the prey 
speedily undergoes digestion. It would seem as if these creatures 
do not feed by any" means indiscriminately, since particular kinds of 
them are attracted by particular kinds f>f aliment ; the crushed 
bodies and eggs of Entomosti-aca, for example, are so voraciously 

^ The term * organs of sense ’ implies a eomciotisnesH of impressions, with which 
it 38 difficult to conceive that unicellular Infusoria can be endowed. The component 
cells of the human body do their work without themselves knowing it. 

* These results are confirmed by the observations of R. Franz4 ; see Zeitichr. 
•wisS’ Zool. Ivi. 1898, pp* 1.88—64. 
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conhunierl by the Colepa that its body is sometiiues quite altered in 
shape by the distension. This circumstance, liowever, by no means 
proves that such creatures possess a sense r)f taste and a i)ower of 
determinate selection ; foi* many insbnices might l>e cited in which 
actions of the like appai’ently conscious natui e are j>ei*formed with- 
out any such guidance. The ordinary process of feeding, as well as 
the nature and direction of the ciliai-y cui‘i*ents, may be best studied 
by difiiising through the water containing the animalcules a few 
|)ai*ticles of indigo or carmine. These may y>e seen to be carried by 
the ciliary vortex into the mouth, ami their j)assage may he traced 
for a little distance down a short (usually ciliated) cesophagus. 
There they commonly l)ecome aggregated together, so as to fonii a 
little pellet of nearly globidar form ; and this, when it has attained 
the size of the hollow within which it is moulded, seems to receive 
an investment of firm sai-coflic substance, resembling the ‘ digestive 
vesicles * of Noctiluca^ and to he then pi'ojected into the softer 
endasarc of the interior of the cell, its place in the cesophagus being 
occupied by other jwirticles subsecjueutly ingested. (This ‘moulding,^ 
however, is by no means universal, the aggregations of coloured 
particles in the bodies of Infusoria being often destitute of any 
regularity of form.) A succession of such pellets being thus intro- 
duced into the cell-cavity, a kind of circulation is seen to take place 
dn its interior, those that first entered making their way out aftei^ 
a time (first yielding ii]) their nutriti^'e materials), generally by a 
distinct anal caifice, but sometimes by the mouth. When the 
pellets are thus moving round the body of the animalcule, two of 
them sometimes ap{)ear to become fused together, so that th€\v 
obviously cannot have been sejwirated by any firm membranous in- 
vestment. The mode of formation of focKl vacuoles has been carefully 
studied by Miss (IreeiiwcKKl ‘ in Carcheahmi jndtjpininny whicii may 
be recommended for tlie study of the piocesses of protozoan 
digestion. When the animalcule has not taken food foi* some time, 
‘vacuoles,^ or clear spaces, extremely variable both in size and 
number, filled only with a veiy transparent fluid . are often seen in 
its protoplasm ; and their fluid sometimes .shows a tinge of coloiu-, 
which seems to be due to the solution of some of tlie \’egetable 
chlorophyll upon which the animalcule may have fed last. 

Contractile vesicles (fig. 592, a, a), usually about the size of the 
* vacuoles,^ are found, either singly or to the number of from two tt^ 
sixteen, in the boilies of most ciliated animalcules ; and may be seen 
to execute rhythmical mo\ements of contraction and dilatation at 
tolerably regular intervals, being so completely obliterated, when 
emptied of theii- contents, as to be (piite undistinguishable, and 
coming into view again as they are lefilled. These vesicles do not 
change their position in the individual, and they are pretty 
constant, lx)th as to, size and place, in diflerent individuals of the 
same species ; hence they ai'e obviously quite diffei'ent in character 
from the ‘ vetcuoles.’ In Paramecium there are always to be observed 
two globulai’ vesicles (fig. 592, B, «, or), each of them suri*ounded by 


' P/u7. Trails. 1S94, B. pp. 855-83. 
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several elongated caWties^ ariunged in a i-inliating manner, 80 

to gi^’e to the whole somewhat of a star-like as|>ect, and 
the liquid contents ai*e seen to be pix)j.)elled from the former into 
the latter, imd t^ice versa. Further, in Stenior, a complicated net- 
work of canals, aj)pai*ently in connection with the contractile 
vesicles, has l)een detected in the substance of the ‘ ectosair/ and 
traces of this may l»e obsevvetl in other Infusoria. In s«>me of the 
larger animalcules it may l)e distinctly seen that the contractile 
vesicles have jyennanent valvular orifices ojaming outwanls, ami that 
an expulsion of fluid from the IhkIv into the water arouml it is 
effected by theii* contnu'tion ; in some Norticellids tlu* c'ontinctile 
vesicle is connected by a canal with the ‘ vestibule ’ which lies Ijeneath 
the mouth opening, and when the vesicle (‘onti-acts the water is driven 
into the mouth, and so to the exterior. Hence it ap}>ears likely that 
their function is of a respiratory and depuratory nature ; and that they 
serve, like the gill-openings of fishes, for the expulsion of water 
which has been taken in by the mouth, and which ha.s travei’sed the 
interior of the l)ody. 

Of tlie rejuoductiun of the ciliated Infusoria our knowledge 
though imperfect has advanced. As has been well said by Mr. 
Adam Sedgwick,* ‘the more n»cent work of Hiitsohli and Maiqms 
[1ms] shown that in their re[»ro<luetion these animals resemble other 
Protozoa ; that is to say, that the whok* l^ody pii ticipates in the 
reproiUictive fis.sion, that the [Mirent disapptairs in the offspring, and 
that sj)ecial conjugating cells of the nature* of ova and spermatozoa are 
not formed. Maiipas^ especially, hy following the history of tlie 
iialividual resulting from conjugation. Inis definitidy established the 
fundamental distinction l>etween conjugation and re[>i’odnction, and 
has thrown a flood of light uikhi th(‘ meaning of the whole phenomenon 
of conjugation.’ The l)e.st evidence is that of (Ii uImu*, which will l>e 
mentioned directly. Binary sulHlivLsion woidd seem to b(* uiiiv(*rsal 
among them, and has in many iirstiuices lH*eii ol)served (as idsewdiere) 
to commence in the nucleus. The division takes place in Mune species 
longitudinally, that is, in the direction of the greatest lengt h of the l)CKly 
(fig. 59^1, D, E, F), ill other .species tmnsvei>ely (fig. 597, C, 1 >) ; w hile 
in s(une, as in Chilodon civcidUdas (fig. 595), it has l>een sup|K)Hcd to 
(K*cur in either dii-ection imliffereiitly. But it may fairly l^e (piestioned 
whether, in this hist case, one .set of the appirent ‘ fis.sions is not 
really ‘ conjugation ’ of two individuals. This diqdic^ition is jief- 
forme<l wdth such I’jipiditv, under favourahle circumstances, that, 
according to the calculation of Professor Ehi*enl)erg, no fewer than 
268 millions might he prCKluce<l in a month by the re[)eated sub- 
divisions of a single Parameciam. Wlieii this fission occurs in 
VorticeUa (fig. 593), it extends dow*n the stalk, which thus lx*come.s 
double for a greater oi’ less prrt of its length ; and thus a whole, 
bunch of these animalcules may spnng (by a repetition of the same 
process) from one base. In some membei^ of the same family 
arborescent strnctui*es are produced I’esembling that of Codosiga 

1 Student's Textbook of Zoology, 1S98, 26. 

* See i>articularly his memoirs, in vols. vi. and vii. of the second series of the Arclu 
Zool. Exper. 1888-9. 
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(fig. 586) by the like pr(XjeH« of continuous subdivision. Another 
curious 1‘esult of this mode of multiplication pi*esents itself in 
the family Ophrydina^ masses of individuals which separately resemble 
cei'tain being found imbedded in a gelatinous substance of 

a greenish colour, sometimes adherent and sometimes fi*ee. These 
masses, which may attain the diameter of four oi- five inches, present 
such a strong general res^nblance to a mass of Noatoc, or even of frog\s 
spawn, as to have been mistaken for such ; but they simply result from 
the fact that the multitude of individuals produced by a repetition of 
the pi ocess of self-division remain connected with each other for a 
time by a gelatinous exudation from the surface of their bodies, 
instead of at <mce becoming ef)mpletely isolated. F rom a comparison of 
the dimensions of the individual Ophryda^ each of which is about r^-th 
of an inch in length, with those of the compo.site masses, .some e.stimate 

may be formed of the 
number included in 
the latter ; for a 
cubic inch would con- 
tain nearly eiyhi mil- 
lions of them if closely 
packed ; and many 
times that number 
must exi.st in the 
larger imtsses, even 
making idlowance for 
the fact that the 
Irodies of the animal - 
(jules ai’e separated 
from each other 
by theii* gelatinous 
cushion, and that 
the mas.ses have their central ptirtions occupied by water* only. 
Hence we have, in such chrsters, a distinct proof of the extra- 
oi*dinary extent to which multiplication by duplicative subdivision 
may proceed without the interposition of any other operation. 
These animalcules, however, free themselves at times from their- 
gelatinous bed, and have been ol)sei'ved to undei-go an ‘encysting 
process ’ corresponding with that of the VorticeUina. The chemical 
composition of this jelly .or zuocytium has been investigated by 
Halliburton, who finds that it resembles vegetable cellulose in its 
gener*al properties, but ditfers fi-oin it and agrees with the form of 
cellulose manufac‘ture<l by the Tunicata in being less easily converted 
into sugar. 

Many, jrerhaps all, ciliated Infusoria at cer-tain times uirdeigo an 
eiwysting process^ r*esembling the brassage of pi'otophytes into the ‘ still ’ 
condition, and appai-ently serving like it as a provision for their pre- 
servation under circumstances which do not permit the. continuance 
of their ordinary vital activity. Previously to the formation of the 
cyst, the movements of the animalcule diminish in vigour, and 
gradually cease altogether; it» form becomes more mimded; its 
oml apei*tui*e clases ; and its cilia or other filamentous prolonga- 



Flo. 51)4. ' Kei>r(Mluctioii of In/totonn. 
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tions are either lost or retracted, as is *well seen in Vorticella 
(fig. 596, A). A new wi*eath of cilia, however, is develojied near* 
the base, and in this condition the animal debiches itself from its 


A B c D K F 



Piu. 595. — Fissiparous multiplication of Ckilodon rueulhihtn : A, 
B, C, auccesHive atiij^es of longitudinal fission (?) ; D, E, F, succch* 
sive atagCb of triuiavcrae fisHion. 


stem anti swims freely for a shoi-t time, soon passing, however, into 
the ‘ still ’ condition. The stirface of the liody then exudes a golu- 
tiiiotis exci*etion that hardens ai^iuiul it so as to foiin a complete 
cofiin-like case, within whicli little of the original structure of the 
animal can be distinguished. Even after the completion of the cyst, 
however, the contained 
animalcule may often 
be observed to move 
freely within it, and 
may sometimes Ikj c 
caused to come foilh 
from its prison by the 
mere application of 
warmth and moisture. 

In the simplest form of 
the ‘encysting pixxjess,’ 
indeed, the animalcule 
seems to remain alto- 
gether quiescent through 
the whole period of its 

torpidity : so that, how- 596.— Encynting proccHH in 

ever long may lie the 



duration of its impiison- 
ment, it emei-ges with- 
out any essential change 
in its form or condition. 
But in other cases this 


_ _ Vurit('eU<i mtcro- 

.Htoma : A, full-grown individual in jIh encytitcd 
Htate ; a, retracted oval circlet of cilia ; b, nucleuH ; 
r, contractile veHicle ; B, a cyst Meparattwl from itK 
Htalk ; C, the same more ^vanced, the nucletiH 
broken up into sf)ore-like globules; I), the same 
more developed, the original body of the Vorticella, 
il, Imving become sacculated, and containing many 
clear spaces ; at E, one of the sacculatioiiH leaving 
burst through the enveloping cyst, a gelatinous 
mass, e, containing the gemmules is discharged. 


process seems to be sub- 
servient either to multi- 
plication 01* to metamorphosis. For in YoriiceXlct the substance 
of the encysted body (B) appears to break up (C, D) into eight 
or nine segments, which, when set free by the bm^ting of the 
cyst, come forth as spontaneoasly moving spherules. Each of these 
soon increases in size, develops a ciliaiy wreath within which a mouth 
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makes its api>earance, and gradually assumes the form of the Tricho- 
dina grand ineUa of Ehrenberg. It then develops a postenor wreath 
of cilia and multiplies by transverse fission ; each half fixes itself by 
the end on wliicli the mouth is situate<l, a short stem becomes de- 
veloped, and the cilia- wreath disappears. A new mouth an<l cilia 
wreath then form at the free extremity, and the growth of the stem 
completes the development into the true vorticellan form.^ In 
Trichoda hjncena, again, the ‘ encysting pi*ocess ’ apj)eai*s subsei*vient 
to a like kind of metamorphosis, the foi-m which emerges from the 
cyst differing in many respects from that of the animalcule which 
became encysted. According to M. Jules Haiine, by whom this 
history was very carefully studied,*^ the form to be considered as the 
larval one is that shown in fig. 597, A, E, which has been descrilred 
by Professor* Ehrenl)erg under the name of Oxjjtricha. This possesses 
a long, nari*(rw, flattened body, fui*nishe(l with cilia along the gi eater 
pai*t- of both margins, and having also at its two extremities a set of 
larger and stronger hair-like filaments ; and its mouth, which is an 
oblique slit on the right-hand side of its fore-pai t, has a fringe of 
minute cilia on each lip. Through this mouth large particles are not 
unfrequeiitly swallowed, which are seen lying in the midst of the 
endosarc without any surrounding vesicle ; and sometimes even an 
animalcule of the same species, but in a diflferent stage of its life, is 
seen in the interior of one of these voracious little devoui*ei*s (B). In 
this phase of its existence the Trichoda undergoes multiplication by 
tran8vei*8e fission, after* the ordinary mode (C, D) ; and it is usually 
one of the short-lxxlied ‘doubles’ (E) thus produced that passes 
into the next phase. This phase consists in the assumption of the 
globular form and the almost entire loss of the locomotive append- 
ages (F) f in the escape of successive poi’tions of the granular pi’oto- 
plasm, so that ‘ vacuoles ’ make their api^earauce (G) ; and in the 
formation of ti gelatinous envelojre or cyst, which, at fir\st soft, 
after'wards acquires increased firmness (H). After remaining for 
some time in this condition, the contents of the cyst become clear !}' 
separated from their euvelojre ; and a space appears on one side, in 
which ciliary movement can be distinguished (I). This space 
gi*adually extends all round, and a further discharge of granular* 
matter takes place from the cyst, by which its form becomes altere<l 
(K) ; and the distinction between the newly formed body to which 
the cilia belong and the effete residue of the old becomes more and 
moi*e apparent (L). The former increases in size, whilst the latter 
diminishes ; and at last the former makes its escai>e thi*ough an 
aperture in the wall of the cyst, a part of the latter still remaining 
within its cavity (M). The bcxly thus discharged (N) does not differ 
much in appeai*ance from that of the Oxytricha before its encyst- 
ment (F), though of only about two-thirds its diameter ; but it soon 
develops itself (0, P, Q) into an animalcule very diftei*ent from 
that in which it originated. First it becomes still smaller by the 
discharge of a portion of its substance ; numerous very stiff bristle- 

1 Everts, Untermchungen an ForhV^Wrtnr6tt?i/cra, quoted by Professor Allman, 
loc. cit, 

* Annalesdes 8ci. Nat set, iii. tome xix. 1858, p. 109. 
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like organs 01*0 develo{>ed, on which the animalcule ci'eej>s, as by 
legs, over solid surfaces; the external integument l>ecome8 more 
consolidated on its uppei* surface, so as to become a kind of cara- 
j>ace ; and a mouth is formed by the opening of a slit on one side, 
in front of which is a single hair-like dagellum, which turns round 
ami round with great nipidity, so as to descrilie a sort of inverted 
t'one whereby a curi*ent is bmught towanls the mouth. This latter 
form ha<l been described by Professc^r Ehrenberg under the name of 
Aspidisca, It is very much smaller than the larva, the diflerence 
being, in fact, twice as great as that whicli exists between A and 



Fi(». r>il7, -MetamorphoseK of Tnrhotia : A, larva i().i'fpnrh<t) \ B, a 

M'liiiliir larva after HwallowiUK the animalcule reprcHented at M ; (', a very 
individual on the |^K>iiit of undergoing HHaion ; 1>, anotlier ni which 
tile process has advanced further; E, one of the jiroducts of such hssion; 

tlie same body liecoine spherical and motionlesH ; (}, asjK'ct of thia 
sphere fifteen days afterwards ; H, later condition of the same, showing the 
formation of the cyst ; I, incipient separation between living substance 
and exnvial matter ; K, |)artial discharge of the latter, with Haiieiiing of 
the sphere ; L, more distinct formation of the confined animal ; M, its 
rscupe from the cyst ; N, its apmearance some days afterwanis ; O, more 
advanced stage of the name; P, Q, perfect AnpiaiHCtr, one as seen side- 
ways, moving oil its bristles, the other as seen from below (magnified 
twice as much as the preceding figures). 


P, Q (fig. 597), since the liust two figures are dniwii under a magni- 
fying jM^wer double that employed for the preceding. How the 
A sp id isca- form in its turn gives origin to the Ort/tricha- form 
has not yet been made out. A similar ‘ encysting process ’ has 
been observed to take place among several other foims of ciliated 
Infu.s(nia; so that, considering the stoiig general resemblance 
in kind and degree of organisation which prevails thrtiughout the 
gi'oup, it does not seem unlikely that it may occur at some stage of 
the life of nearly all these animalcules. And it is not improbably 
in the ‘ encysted ’ condition that their dispersion chiefly takes place, 
since they have been found to endure desiccation in this state, 
although in their ordinary condition of activity they cannot be dried 
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up without loss of life. When this circumstance is taken into 
account, in conjunction with the extraordinary rapidity of multipli- 
cation of these animalcules, there seems no difliculty in accounting 
for the universality of their diffusion. It may be stated as a general 
fact that wherever decaying organic matter exists in a liquid state, 
and is exposed to air and warmth, it speedily becomes peopled with 
some or other of these minute inhabitants ; and it may be fairly 
presumed that, as in the case of the Fungi, the dried cysts or germs 
of Infusoria are everywhere floating about in the air, ready to de- 
velop themselves wherever the appropriate conditions are presented ; 
but we must remember that but few definite observations have 
been made as to the length of time these cysts will survive desiccation ; 
at present, the observations of Nnssbaum and Maupas make the 
limit less than two years. 

Gruber has rec;ently reinvestigated the j>rocess of conjugation in 
the Infusoiia : he finds that the nucleolus of each l)ecomes a striated 
spindle, and appi-oaches the nucleolus of the other cell; the two 
touch and finally fuse, thereby effecting an intermixtui*e of the 
different germ-plasmas. If this he the correct manner of interpret- 
ing the phenomenon, it is clearly comparable to the sexual reproduc- 
tion of multicellular animals. 

There can be no doubt as to the occurrence of ‘ conjugation ’ 
among ciliated Infusoria ; and this not only in the free-swimming, 
hut also in the attached forms, as Stentw* (fig. 594, 3 ). In 
Vorticella according to several recent observers, what has been 
regarded as gemmiparoiia multiplication — tlie putting forth of a biul 
from the bjise of the body — is really the conjugation of a small 
individual in the free-swimming stage with a fully developed fixed 
individual (niicrogainete) with whose body its own becomes fused. 
But it is doubtful whether such conjugation has any reference to the 
encysting process. Acconliiig to Butschli and Engelmann, the con- 
jugating process results in the breaking up <^f the nucleus and (so- 
called) nucleolus of the conjugating individuals; these individuals 
separate again, and after the expulsion of the broken -up nuclear 
structures the characteristic nucleus and nucleolus are re-formed. 
There is still much uncertainty in regard to the embryonic forms of 
ciliate Infvisoria, some eminent observei^ asserting that the 
‘ gemmule ’ in the first instance, besides forming a cilia- wreath, puts 
forth suctorial appendages (fig. 594, l, A. B, C), by means of which 
it imbibes nourishment until the formation of its mouth permits it to 
obtain its supplies in the ordinary way ; whilst others maintain these 
acinetiform bcxlies to be pai’asites, which even imbed themselves in 
the substance of the Infusoria they infest.^ 

It is obvious that no classification of Infusoria can be of any 
permanent value until it shall have been ascertained by the study 
of their entire life-history what are to be accounted really distinct 

^ There can be no donbfc that Stein wron{( in his original doctrine that the 
fully developed Acinetina are only transition stages in the development of Vorti' 
cellina and other ciliated Infusoria. But the balance of evidence seems to the writer 
to be in favour of his later statement, that the bodies figured in fig. 594, i, are 
really infusorian embryos, and not parasitic Acinetae. 
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foniis. And the differences between tiiem, consisting chiefly in the 
shape of their bodies, the disposition of their cilia, the j>ossession of 
other locomotive appendages, the position of the mouth, the pi'esence 
of a distinct anal orifice, and the like, are nmttei's of such trivial 
importance as compai*ed with those leading fwitiires of their structure 
and physiology on which we have been dwelling that it does not 
seem desirable to attempt in this place to give any detailed account 
of them. The life-liistory of the ciliat^ Infuioi'ia is a subject 
pre-eminently worthy of the attention of mici*nsc()]»ists. who can 
scarcely be better employed than in ti-acing out t}»e st»tjiience of its 
phenomena with similar care and Jissiduity to that disj>laye<l by 
Messrs. Dallinger an<l Drysdale in the study of the Mouadhta. ‘ lli 
pui*suing our researclies,’ .<yty these excellent ob.servers, * wo Imve 
become practically convinced of what we have theoretically assumed 
— the absolute necessity for prolonged and jmtient observation of 
the same form.s. Competent optical means, (M\reful interpri*ta- 
tion, close observation, and time are alone cajmble of soU ing tlu‘ 
problem.’ 

Suctoria. — The Pictorial Infusoiia constitutt^ a well-marked 
group, all belonging to one family, AchiHina, tlu' natur<‘ of wlucb 
has been until recently much misundei'stofMl, chiefly on account of 
the parasitism of their habit. They may be regarded as a sub-claas 
of the Infusoria, and be known as the Aeinetaria. Like tin* 
typical Monadma, they are close<l cells, each having its nucleus and 
contractile ve.sicle ; but instead of freely .swimming through the water, 
they attach themselves by flexible peduncles, .sometimes to tlu‘ stems of 
Vor ticellinw^ but also to filamentous Algee, stems of zoopliytes, nr to the 
bodies of larger animals. Their nutriment is obtained through delicate 
tubular extcuisions of the ccto.sai*c, which act as siicbu inl tentacles 
(fig 598), the free extremity of eatdi Wdng dilated into a little 
knob, which flattens out into a button-like disc when it is applitsl 
to a fiKKl- particle. Free -.swimming Infusoria are captui-ed by these 
organs, of which sev(‘ral quickly IkuuI over towards tin* om* which 
was at fii-st touche<l, .so as firmly to secure tlie prey ; and when 
several have thu.s attached thenrselves, tlie movements of the 
iin[)ri.soned animal l>ecome feebler, an<l at last eea.sf* altogether, its 
l)ody Ixdng drawn nearer to that of its ca[)tor. firstead, h<»we\ er, 
of being received into its interior like the prey of Actinophru^, the 
captured animalcule remains on the outside, hut yields up its soft 
substuice to the suctorial power of its victx)r. As soon a.s the suck- 
ing disc has worked its way through the envelojK* of the IkkIv to 
which it has atti\ched itself, a very rapid .stream, indicated by the 
granules it (tarries, sets along the tulxi, and {X)urs itstdf into the 
interior of the Acineta-lKKly. Solid particles are not receiv ed through 
these suctorial tentacles, so that the Acinetina cannot Ik* fed with 
indigo or carmine ; hut, so far aa can be ascertained by oliservation 
of w hat goe.s on within their bodies, there is a general pit)topksmic 
cyclo»i8 without the formation of any special ‘ digestive vesicles/ 
The better know n forms of this group ai*e i-anked under the two genera 
Achieta and Podophrya^ w'hich are chiefly distinguished by the 
pi*esence of a firm envelope or lorica in the former, w bile the Ixxiy 
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ol'llir l;ittr!‘ li.ikcd, ||| oi i» • (*l I fie )l IS I’liriii. tilt* ( ran A\\^' 
Siirkrr>, alt* i)i))-nt* in a Lni>li-liko expansion on a Ioiilt irtrartile 
j)i-ol)o>cis liko or;^an ; and tin* vixTe Dendrof<ani(i . \\ lioso si/<* i> c-oin- 
pai at i\cly iriyaiitic, lonns l»y continuous geiiiniatiou an arl)orescent 
‘('olnny.' of wliicli tla* indi\i<lnal nieTnl)ers i*einain in iiitimate 
<-(nmoction w ith one anot her. 

.Mnlt iplication in t his yn-onp .seems oc: asioimlly to take ])lace ))y 
transverse lission, hnt this is rare in tlie adult stati*. Some- 
times external ijfnnnn' are developed Wy a sort ot' pinclnni;' oil’ of a 
part of the flee eial of tin* body, which iiiclndes a portion of the 
nucleus : the tentacnl.i of this hud disappear, hnt its surface be- 



FiCi. 598 . — Suctorial Infusoria'. 1, Conjugation of Po(lo2)hrtja^ 
quadripartita \ 2, formation of embryos by enlargement and sub- 
division of tbe nucleus; 3, ordinary form of tlie same; 4, Podo- 

})}tril(t rloiiqtlftt. 


<*om(‘s clot hed with cilia; and, aftm* a short time, it d(*taches itself 
and swims away voinport iny it.sidf sub.se(pn-ntly liki* the internal 
enihrvos, \\hi>se production stnnus the more ordinarv nietluxl of 
propay^’it ion in this ty}>e. ddiese originate in the hi-i'akiny np of 
thennclt'iis into si‘\(‘ral .seyinerits, eacli of which incloses it.self in 
a protoplasmic I'luclopt*; and Ibis Ivecomes clothed with cilia, by 
tilt* vihiations ot’ which T he emhiyos .are put in motion within the 
body of tin* paient (tie. .ypH. 2), from which t hey afteiwards (‘.scape 
by its rupture. In this condition (</) t hey swim about freelv, and 
si'eni idt‘ntical with what lias been described by Filireubei-g as a 

>^No\v iiiilrd, aftir Liitsclili, To on account of its mode of reproduction- 

see his P l otn .an . p. I'.t'Js. 
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‘distinct generic form, Megatricfta, And, accoiding to the ol^servai- 
tions of Mr. Badcock,^ tlie.se Megairicha~ioYi\\& multiply freely by 
self-division. After a short time, however, they settle down upon 
filamentous Algte or other supj)orts, lose their cilia, put forth suctoriad 
tentacles (which seem to sh(x>t out suddenly in the fii'st instance 
but are at‘terwaixls slowly retincted and protruded with a kind of 
spii-al movement), auid aissume a variety of aimmbiform 8ha[)es (fig. 
599, 1, 2 , 3 ), some of them corresponding to that of the genus 
Trlclwphrya, In this staige they l>eoome quiescent at the approach 
of wunter. the suctorial tentacles and the contra(‘til(‘ vesicles ilis- 
ap})eai*ing; they do not, however, s<vm to accpiire any special 
envelope, remaining jis clear, motionless, protoplasmic pirtichvs. 
But with the return of warmth their dev'elopment recommences, a 



Fi<«. — Iniiuature forms of Pathtphryn ijumh iptu tifu : 1, Amd'- 

hold state {T richophriia of Claj>ari*de and I<acliiuann) ; 2, Uio 
same more advanced; H, incipient division into lobes. 


footstalk is formed, and they giiuhmlly assuna* the chavm*teristic 
form of Podoph rya (/iiadripartita. A regulai* ‘conjugation ’ has hecn 
observed in this tvi)e, the lK)dy of one individual Ixmding down .so 
as to apply its free stirface h) the corresponding jwirt of anotluu', 
with which it Ix-comes fused (fig. 598, l) ; hut whetlier this always 
precedes the production of internal cjiduyos, or is any way prejiara- 
torv to projMigation, has not yet lM»en ascaM’tiiined.'^ 


' Jouni. of Jioij. Mtrrohf , S<tc, vol. in. 1H80, p. 

Tlie A(inei})m were described both by Ehrenberg and Dujardin ; but the first 
full account of tlieir {leculiar organisation was given by Stein in his OrtpnuHinuH dfr 
InfHHionathierchen. Misled, however, by their pivrasitic habits, Stem originally »ub- 
)>o»ed them not to be indepndent tyjies, but to be merely transitional stages in the 
<le\elopment of Vortirellime and other ciliate Infusoria; this d<K*trine he long 
since abandoned. Much information as to this group will also be found in the 
beautiful Etudes sur Uh In/usoirrs et ten Rhizopodes of MM. Claparede and fiach 
maun, Geneva, IS.'iS-Cl. 
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HeCTIOX II. — IltlTIFERA, Oil WHEEL-ANIMALCIJLES. 

We now come to that higher group of animalcules which, in 
][X)int of complexity of organisation, is as far removed from the pre- 
ceding fis mosses are from the simplest protophytes, the only point 
of real resemblance between the two groups, in hict, being the^ 
minuteness of size which is common to both. A few species of the 
wheel -animalcules are maiine, or the inhabitants of brackish pools 
near the seashore. Dr. E. v. Daday, who has ma<le a study of the 


A B 



Fiti. 000. — liotift-r vitfr/rn'iSytiH seeiirtt B, witli the wlieels drawn in, and 
at A with the wheels expanded: 6, eye-spots; e, wheels ; antenna; 
r, jaws and teeth ; /, alimentary canal ; </, cellular mass inclosing it ; 
//, longitudinal muscU's ; y, /, tubes of water-vasrular system; A*, 
young animal ; /, cloaca. 


Kotifeni of the Bay of Naples, stated that iu 1891, 50 species were 
known frcnn tlie Ikiltic, 13 from the Meiliterraneaii, 8 from 
elsewhei'e, hut 32 of these occur also in fre^sli water. The viist 
majoi’ity known to us belong, thei*efoi e, to fresh water, and are to l>e 
found in ditches, ponds, reservoii>?, lakes, and slowdy running sti^ains 
— sometimes attached to the leaves and stems of water-plants, some- 
times creeping on Alga?, on which some are jmra.sitic, ^ sometimes 

^ Compare particularly the interesting observations of Pn>f. W. Rothert in voU ix. 
1896, of the Zoolog. Jaln’bUcher (Abth. Systemat.), pp. ()72—716. 
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><wiiiiming fi'eely through the water. The}' are met with also in 
guttei's on the house-top, in water-butts, on wet moss, grass, and 
liver-woiiis, in the interior of Volvox glohator and in vege- 

table infusions, on the backs of Enttnuoatraca, in the visceiu of slugs, 
earth- -womis. and Xaiadea^ and in the liody-ctivities of iSfpiapUr — 
in fact, in almost every place wliere theit* ai-e moisture and fcHKl. 
The wheel-like organs fix>iii which the class deiives its designation 
are most chaiucteristicallv st^en in the common Rotifer (tig. ( 500 ), 
wliei'e they consist of two distvlike lobes or pi-ojections of the IkhIv 
whose margins are fringed with long cilia ; ami it is the uninternij>te<l 
succession of strokes given by these cilia, each row of which nearly 
returns (as it wei*e) into itself, that gives rise by an optical illusion 
to the notion of ‘ wheels.^ The dispasition of the cilia vairies much 
in th(‘ difterent geiieni, hut it may be siiid br^mdly that they an‘ ar- 
ifinged s(3 as to fulfil three <iifferent piirfK>ses. viz. to bring fot)d to the 
mouth, to conduct it through the alimentary canal, and to enable the 
animal to swim. 

The great tnuisparence of the Rotifera permits their gemu’al 
sti-ucturc* to be t^jusily rt‘cognise«l. They have usually an elongated 
form, similar on the two sides; but this rarely exhibits any tmcesof 
segmenti^l division. The In^dy is covered with an envelo[)e of two 
layei-s. Th(‘ inner of these is a soft lining to tlie outer, which may 
be soft and flexible, or membranous and of very varying degri*(‘s of 
stiftness, or even of an inflexible substan<;e cajMible of resisting th(‘ 
action of caustic pobtsh. In this latter condition it is (iall(*d ulorica. 
The greater numbei* of the Rotifem have an organ of iittcmbnuMit 
at the posterior extremity of the body, wbic’b is iisnally prolonged 
into a biil or false r<K)t, by which they c‘4ni affix tluunselves to an\ 
solid object; and this is their ordinary position when ke<*ping their 
‘wheels’ in action for a sii[)ply of fcwsl or of water; they have no 
<litliculty, however, in letting go their bold and moving throngli tht‘ 
wab‘r in s<nircli of a new attachmcmt, and may tberefoi’e be con- 
sidered a.s j>erfectly fre(*. The sessile sjM*ci(*s, in their mlidt stage, 
on the other hand, remain atbiched by the ^Kxsteihu* extremity to thcv 
s|K)t on which they have at tii*st fixed themwdves, and their cilia are 
c*onsequently employt'd for no other j)Uiqx)se than that of (treating 
cun*ents in the .surrounding watei*. In conshlering the iutcu iial struc- 
ture c»f Rotifera we shall bike as its tyjM? the arnuigement which 
it presents in BrachionUrS rubeos (fig, bOl), a common large and 
lauidsome animal, and one tliat l>eai*s tlu* teiiqK)rary ciiptivitv of 
a compressorium remarkably w'ell. 

Its vase-shai^ed lorica is hal'd ami tmns|»firent ; o[)eu in front to 
jillow the protrusion of the head, and closed lH*hind, except where a 
simdl aperture j^erniits the |3tLsstige of the foot. The anterior 
doi'sal ^ge bears six sharp spines, and the ventral edge has a 
wavy outline. The h^ead is .shajied like a truneatecl cone, with the 
larger end foi’ward, is roumled at c^ich side, Jind carries on its front 
sUrfac^e three protuberances (sp)^ covered with sbmt vibmting liairs 
c’«iUed styles. All mund the nm of the head nmsa row' of cilia which 
on the ventral surface dips down into either side of a ciliated bticcal 
fannd. At the Ixitbim of the buccal funnel is the masUi^r (mx)^ a 

3 E 2 
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muscular bulb containing the jaws or trophi (<i). These latter are 
hard, glassy bodies consisting of two hammer-like pieces called 
m'jbllei (fig. 602) and a third anvil-piece called an hwiis. Each 
m%lleu9 {ms) is in two parts — the manuhrium (wm), or handle, 
and the uncm (ws), of five finger-like pixaiesses, which unite to 



Fio. 601 . — Bmchionita rtibeus'. styligerous prominences cu\ coronal 

wreath ; tactile styles ; Uy dorsal antenna ; a , a'y lateral antennae ; Iniy 
longitudinal muscles; ce, oesophagus; o//, ovary; o/w, ovum; germ; 
vty vibratile tags ; i, intestine ; /, foot ; f , toes ; brain ; e, eye ; tnjCy 
mastax ; ft, trophi ; gg, gastric glands ; stomach ; fc, longitudinal 
canals; ot), contractile vesicle ; cf, cloaca; fgy foot-gland. (After Dr. Hudson.) 


form the hammer’s head. The hwiis (is), or anvil, is formed of two 
prism-shaped bodies, or rami (rs), pointed at their free ends, and 
attached at their broad ends to a thin plate called the fulcrum {/m), 
which, seen ventrally or dorsally, looks like a rod. These various 
parts are connected by muscular fibres, and so acted on by muscles 
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attached to themselves, and to the interior of the mastax% that the 
imci lise and fall at the same time that the I'ami open and shut. 
The food is torn by the unci, crushed by the rami, and then passes 
between the latter down a shoiii oesophagus (le) into the sUmia-c/i (s). 
This has thick cellular walls, and is lined with cilia, esjieciall}" at its 
lower third, which is often divided by a constriction fix)ui the upjier 
part, and is often so different in its shape and contents a.s to merit 
the name of an inteatin^. (i). The lower end of the intestine gene* 
i-ally ex|mnds into a cloaca (cl), into which oj)en the ducts of the 
ovary (oy), and cmdractile v^etficle (cv), Jiust alH>ve the mastax, 
and sometimes just l>elow it. on the (esophagus, aiv what are su[>* 
jxxsed to be salivary ylands : wdiile ttache(l to the uj)per end of 
the stomach ai’t* two ya^tric ylandm 
(gy), often {X)S8essing visible ducts. 

Theie are two further glands ( /(/) 
in the frx^t, which is itself a prolon- 
gation of the ventral portion of tin* 
trunk ladow the aperture of the cloaca. 

'fhese fcMjt-glands secrete a \iscidMd»- 
stance which is discharged by ducts 
passing to the tips of the two toes (t) 
and which serves to attach the animal 
to one spot when it is using its frontal 
cilia to procure food. 

Longitudinal muscles (Im) f(»r with- 
di*awing the head and foot within the 
lori(’ii can be readily seen, and thest* 

))arts are driven out again by tlu^ 

])ressure of transverse muscular tibr(‘s acting on the fluids (d’ the 
l)ody. 

On either side of the lK>dy is a tortuous tul>e couiinencing in a 
plexus in the head and running down to o[MUi on the contractile 
vesicle (cv). These tidies Ix^ar little tags each of wliicdi appears 
to contain a vibrating cilium. The real structure of these bodies is 
uncertain, and the use of the whole a})paratus is much disputed ; 
but the tags are possibly very minutely (uliatod funnels, theii* fre(* 
tuids o}xin to the l^xly-cavity ; and it seems prolMd3le that the flui<ls 
of the Ixidy-cavity are eon(lucted through them, along the tortuous 
tidies, into the contraetile vesicle, and are by it discharged into tlu* 
cloaca. The apiiamtus would therefore Ix; mainly an excretory one. ^ 

There is a bilolied nervotrs ganglion (g?i) Vx^tweeii the buccal 
funnel and the doi-sal siirfice. Alxjve it is the eye (e) — a refracting 
sphere on a mass of crimson pigment. From the ganglion piias 
nerve-threads to a dorsal antenna (a) and to two lateral antenna (a') 
on either side of the (loi*sal surface. These latter organs are rocket- 
headed terminations of the nervous threads, and have each a bundle 
of fine hail’s jiassing through a hole in the lonca. The dorsal 

' Bat see Dr. Hudson’s Presidential Address, Jovni. of the Hoy. Microic. 80 c, 
Feb. 1891, p. 18, in which reasons are given for suspecting that the contractile vesiole 
may also have a respiratory function, and the vibratile tags and longitudinal canals 
an excretory one. 
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antenna has a Kimilar bundle and lies sheathed in a tube (fig. 60^) 
which has its base just above the nervous ganglion, and passes 
thence between the two central antei-ior spinas of the lorica. It is 
furnished with a muscle, by means of which the bunch of seta' at 
the free extremity can, by invagination, be drawn within the tube. 

The ovaiy Ls large and its germs are conspicuous. The animal is 
oviparous and the huge egg is easily discharged through the oviduct 
and cloaca owing to the very fiuid condition of its contents. It is 
retained by a thread till hatched at the bottom of the loiicji. Thei t^ 
are three kinds of eggs : the common soft-shelled eggs, which ai*e 
large, oval, and pi*oduce females ; similar soft eggs, which are 
.smaller, more spherical, and produce males ; and ej)hippial eggs (fig. 
603), with thick cellular coverings, often ornamented with spines. 
These latter can lie dried completely without losing their vitality, 
and so, lying buried in the mud of di ied-up jxmds, preserve the 
species for next y^ar. 




Fid. 008. 
Ephippial egg. 


Fid. 604. — Male ; eye \h\ longi- 
tudinal canals ; vU vibrutile tag ; 
rv, contractile vesicle ; .ss, sperm- 
sac ; penis ; /, foot ; fg, foot- 
gland. 


The male (fig. 604) is but a third of the length of the female, 
and is unlike it in shape. It luus a cyliudriciil trunk, small foot, and 
flat round head, surrounded by a simple ling of long cilia. It has 
no lorica nor any albmntary tract of any kind, but it has a 
nervom system similar to that of the female, a I’eil eye, and anteniue. 
Its excretory and muscular systems are also of the female pattei n. 
The oidy other internal oigan is a large sperm-sac {as) ending at its 
lower extremity in a pixitiusile, ciliated, hollow j^enis {j>)^ who.se 
outlet holds the jx)sitioii of the anus in the femsde ; that is, on the 
doi*sal surface, at the btise of the foot. 

The Rotifera have been divhled by Dr. Hudson and Mr. P. H. Gosse* 
into four oixlers, according to their powers of locomotion. These aiv : 

1. Rhizota {the rooted). Fixed when adult. 


1 The Botiferaj or Wheel-anivialcules, Longmans, 1889. It should be added 
that Dr. Plate, in 1890 (ZeiUchr, f. wise, J?oo7. xbci.), has suggested a division 
according to the paired or unpaired character of the gonads. 
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2. Bdelloida {the Uech-like). That swim mth tlieir cilia ly 
wreath, and ci’eep like a leech. 

3. FiiOIMa {the sea-worthy). That only swim with their ciliary 
wi*eath. 

4. SciRTOPODA {the skippers). That swim with their ciliary wivath 
and skip witli ai*thi*o|KKlous limlis. 

The ordei' Ehizota contains two finnilies, ehieliy differing from 
each other in the jiosition of the mouth, which in the Floscitlariuke 
(figs. I and 2, Plate XVIT) is centml, lying in the IkxIv’s longer axis, 
hut in the Melicertidw (fig. 3, Plate XVII)islateii\l. Almost all the 
s{)eciesof lx)th families live in gelatinous tulx\s secreted by themselves, 
an<l oft€*ii fortified in various ways : hy tWiris gathered from the 
water hy the iiction of their ciliary wreaths ami showei*eil ilown at 
random ; by pellets foi nied in a ciliated cup near the anterior end 
of tht‘ Ixxly, and de}X)sited in r<»gular onler on the gela- 
tinous tulH3 ; or by large fivcal jxdlets also I’egularly 
deposited. 

The second order, JUlelloala (fig. 7. Plate XVII), while 
having many points in common with the MelicertiiUe^ Imve 
a foot peculiarly their own. It l»as sevtn-jd fals(^ joints 606. 
tiiat can Ix^ drawn one within the otlnn* like those of a 
telescope. Die corona consists of two neai'iy circular discs, in tube, 
each siiiTounded with a double row of cilia, and liotli of 
these can he withdniwii into an infolding of tlie ventral snriac(‘ at the 
anterior end of the Ixxly, leaving the animal with a long jHiinted 
conical head. When the discs ime so furled the animal lix(‘stlie t(H\sof 
its f(X3t, elongates the f<K)t and Ixidy, cat(;lu^s liold with the furthest 
point of the conical head, releases the foot, and tlien, contracting tlie 
iKxly and foot while tlie head remains fixed, draws forward tin; to(*s 
and refixes tluun, and so da capo. Itcjin swim, however, in the usual 
fashion, with its ciliary wreath. All the species of this order can, 
under proper circumstances, be dried u[) into halls, whicli will retain 
their vitality for (*ven yeai*s, though in a state of utter dustiness. 
Tliis is due to their secreting round tlieir Inidies (after having <lrawn in 
In^th head and fixit) a gelatinous covering wliich retains the l>o<ly-fluids 
safe from evajxmition.^ This process takes some time, so tliat if 
an attempt is madt* to dry them on an ordinary glass-slij) they simply 
disintegiiite. In a house gutter or in wet moss or sand, where the 
<lrying up of the water, in which the iir>tifei*;i are, is slowly accom- 
plished, the animals have time to complete tlieir gelatinous coverings 
Ix'fore the water fails them. In this order tht^ males have not as yet 
l>een dLscovered. 

The third oi*der, Phima, is divided into jt loricate and an illoiicnte 
gwup, which are not, however, very .sharply sefKiiated ; as in wane 
cases the outer layer of the .skin is, though horny, yet thin and 
flexible. Brachionus ridmne (fig. 601), which has already lx?eii fully 
descrilxjd, is a gcxxl ty|x* of the Loricaia and (Jopem cerherm (fig. 6, 
Plate XVII) of the lUoricata. Most of the species of this order have 

* See Davis in Monthly Mtcrosr. Joum. vol. ix. 1863, p. 207 ; Slack, at p. 241 of 
game volume ; and the report of a discusHion on the subject at the Royal Micro»co- 
pical Society, Joarn. of Jioj/al Mtrrosr. Soc. 18B7, p. 179. 
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a forkecl jointed foot, the fork being formed of two toes varying 
greatly in size and sliape, but all secreting the \’iscous fluid already 
mentioned. The great majority of the Rotifeiti belong to the 

Fl(/ima> 

The fourth order, Scirtopoda^voiiimni^ but one family, Pedalionidai^ 
and has only two genera, PedalUm and Ilexarthra, find the lattei* of 
these has but one known species, the formei* only two. Pedalion 
(figs. 4, 5, 8, Plate XYII) is an extiax^rdinary cieature. Its internal 
oi'gans are on the usual rotiferous plan, but its IxmIv lx3ars no fewer 
than six hollow limbs, ending in plumes like those oi the Arthropodxij 
and worked by paii-s of opj)osiiig muscles which travei'se their entire 
length. These limbs are arranged round the body, some on the 
dorsal, some on the ventral suifaee, and all lunning pai-allel to the 
body’s longer axis. In llexarthra^ on th(» contiary, all the limbs 
are on the ventral surface, and are arranged radiatingly. Thei*e is 
no foot in either Rotifer ; but in Pedalion there are two ciliated 
club-like processes at the posterior extremity, rising above tht‘ 
dorsal surface and secreting a .similar viscous fluid to that secreted 
in the toes of other Potifem. 

This sti*ange creature was discovered by Dr. 0. T. Hudson in a pond 
near Clifton in 1871 ; Hexarthra was discovered by Dr. Schmarda 
in a brackish ditch neai* the Nile in 1858 ; their arthrojK)dous limbs 
give them a strong rest*nd)laiice to a Naiiplius larva, and make it 
jn’olwible that the nean^st relations of the Potifera are the Artjiro- 
PODA ; ' at any rate, there is more ])robability in this suggestion than 
in that of Professor Hartog that they are fdli(*d to the Pilidiuni- 
larva of Nemei'tim^ worms.*-^ 

' The following treatises and memoirs (in addition to those already referred to) 
contain valuable information in regard to the life-liiHtory of animnlcules and their 
j^iucipal forms: — Ehrenberg, Die Infusionsthie.vchen^ Berlin, 1888 ; Dujardin, 
Histoire natu retie des ZoophijteH iofiisoires, Pans, 1841; Pritchard, liisUmj of 
InfuHona^ 4th ed. London, isdl (a comprehensive rei>ertory of information) ; 
Stein, Der Organism us der Infusionsthiere^ Leipzig ; Erste Abtheilung, 1861) ; Zweite 
Abtheilimg, 1807 ; Dritte Abtlieilung, Hiilfte I. 1878, Saville Kent’s Manual of the 
Infusoria, 1880-1 ; and Professor Biitsehli’a Protozoa (1880-1) m the new edition of 
Bronu’s Thierreichs. For the Rhizopoda and Infusoria specially see Claparede 
and Lachmann, Etudes sur les Infusoires et les lihizopodes, Geneva, 1858-01 . 
Cohn, in Siebold and KolUker's Zeitschrift, 1851-4 and 1857 ; Lieberkiilm, in 
Muller's Archiv, 1860, and A7tn. of Nat. Hist, ‘2iid ser. vol. xviii. 1850; Engelmann, 
Znr Natargcschirhte der Inf usionsthiere, 1802; and Professor BUtschh’s Studien 
liber (lie Conjugation der Infusorien tCr., 1870. For the Rotifera sjiecially see 
heydig, in Siebold und Kbllilcer's Zeitsehrift, Bd. vi. 1864; Gosse on Molicerta 
ringens, in Quart. Jo iim. oj Mterosv. Sci. vol. i. 1853, p. 1; on the Manducatory 
Organs of Rotifera, P///7. Trans. 1850; Huxley on Lacinularia socialis in Tran^. 
Microsc. Soc. ser. ii. vol. i. 1853, p. 1; Cohn, in Siebold and KOlliker's ZeAtschrifty 
Bde. vii. ix. 1856, 1858; Dr. Moxon, Trans. Linn. Soc. 1804 ; Karl Eckstein, Siebold 
und KolUker's Zeitsclmft, 1883; Bourne, Rotifera, in the 9th edition of the Encg- 
cloj)cedia Britannica ; Joliet, ‘ Monographie des M61icertes,’ ArcJiiv. zool. exp^r. s^r. 
ii. tom. i. p. 181 ; and Plate, Jenaische Zeitsehr. xix. p. 1. J'he Rotifera, or Wheel - 
animulinues, by Hudson and Gosse, Longmans, 1889. This has been usefully sup- 
plemented by Mr. C. P. Rousselet in two papers entitled ‘ List of New Rotifers since 
1889,’ ill Joum. B. Microsc. Soc. 1893, pp. 450-8, and ‘ Second List,’ &c. in the 
same journal for 1897, pp. 10-15. The bibliographical lists appended by Mr. Rousse- 
let will be found of much service, as since the publication of the work of Messrs. 
Hudson and Gosse there has been a great revival among the students of this group. 
Mr. Slack’s Marvels of Pond Life, 2iid edit. (London, 1871), contains many interest- 
ing obser\'ationB on the habits oi Infusoria and Rotifera. 

® See his remarks on the relation of the Rotifera to the Trochophore, in Rep. Brit. 
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left much |longer in this fluid the animals will become more or less 
blackened, and it is therefore necessary to remove the Rotifers as soon as 
possible, by means of the fine pipette, in three or four changes of dean 
water, so as to get rid of every trace of the acid. Finally the animals 
are transferred into the preservative fluid, which is a solution of 2^ per cent, 
formaldehyde (the commercial formalin is a 40 per cent, solution of 
formaldehyde). 

In this preservative the Rotifers are mounted in ringed or excavated 
cells on micro- slides in the usual way.^ 


• More detailed particularH in the treatment of the variouH species and in 
mounting in cells will be found in Mr. Rousselet’s papers on the subject, particularly 
those of March 1895 and November 1808, in the Journ. of the Quekett Micr. Chihy 
vol. vi. pj). 6-18, and vol. vii. pp. 93-97. 
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CHAFFER XIV 

FOBAMINIFERA AND BADIOLAIilA 

Reti rnixc now to tlie lowest or rhlzopod tvj>e of jniimal life 
(Chapter XII), we have to direct our attention to two very l eniarknhle 
series of forms, almost exclusively marine, under which that tyjx^ 
manifests itself, all of them distinguished hy skeletons so c^msolidated 
by mineml de{x>sit as to i*etain their form and intimatt^ structuiv 
long after tlie animals to which they lx*longed have ceiised to live, 
tnen for those undefine*! periods in which th(*y have l)een iml)edded 
as fossils in strata of various geological ages. In the first of these 
gi'onps, the Fora'tnin 'tfera^ the skeleton usually consists of a calcareous 
many-chainbered shell, which closely invests the sarcode-lxxly, and 
which, ill a large proiKirtion of the gnaip, is perfora ted with numerous 
minute apertures ; this shell, however, is sometimes replaced by a 
•test,’ forme*! of minute gniins of sand cemt»nte*l together ; and 
there are a few cases in which the animal luis no other pi-otection 
tluiii a membranous enveloi>e. Jn the second group, the 
the skeleton is always sllicious and may either be conuxised of dis- 
<’onnected spicules, or may consist of a symmetrical open fiamework, 
or may have the foi'in of a shell {xu*forate*l by numerous a|wrtures, 
which moi*e or less complet<dy inclosc»s the IxMly. Foraiuinifera 

probably take, and always have taken, the largest shai'e of any animal 
gi-oup in the maintenance ofthesoliil cjdcxMreous jMU-tion of tin* <*arth’s 
crust by sepamting from its solution in ocean-water tin* carlxmate 
of linn* continually Inought down by rivei-s from the Inml. The 
Radiolarla do the siime, though in fai* less measure, for the silex. 
Ami lx7th extmet fiom sea-water the organic* inatt<*r universally dif- 
fused through it, converting it inb) a form that sei ves for the nutri- 
tion of higher marine* animals. 

Section I. — Foraminifera. ’ 

The animals of this group l)elong to that reticnlariau form of 
the rhizopod tyj>e in which — with a dififerentiation l)etweeii the 
containing and the contained protoplasm which is involved 
in the formation of a definite investment — a distinct nucleus 
(sometimes single, in other cases multiple) is proViably always 

* For the earlier literature consuH Mr. C. D. Hherboni'g ‘ Bibliography of the 
Foraminifera^ recent and fossil, from 1665 to 1886,’ London, 1888. 
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present,^ The shells of Foraminifera ai-e, for the most part, pohj- 
thidammiay or maiiy-chainl>erefl (Plates XVIII and XIX), often so 
strongly resembling those of Nautihia, Spirula, and other cephalopod 
nioUwscs, that it is not surprising that the older naturalists, to whom 
the structure of tliese animals was entirely unknown, ranked them 
under that class. But independently of the entire difference in the 
character of the animal bcnlies by which the two kinds of shells are 
formed, there is a most im])oi*tant distinction between them in regard 
to the relation of the animal to the shell. For whilst in the 
chambered shells of the Nautihia and other cephalopods the animal 
is a single indiridual tenanting only the last foraied chaml)er, and 
withdrawing itself from each chaml)er in succession, as it adds to this 
another and larger one, the animal of a nautiloid foraminifer has a 
composite body consisting of a number (sometimes veiy large) of 
‘ segments,’ each i*epeating the i*est, wliich continues to increj^se by 
yevimiation oi* budding from the last-formed sc^gment. And thus each 
of the chambers, however numerous they may be, is not only fonned, 
but continues to be occupied by its own segment, which is connected 
with the segments of earlier and later formation by a continuous 
‘ stolon ’ (or creeping stem), that passes through apei tui’es in the 
8e2Ha or partitions dividing the chambers. From what we know of 
the semi-fluid condition of the sarcode-hody in the i-eticulavian type, 
there can be little doubt that there is an incessant circulatory chang(* 
in the actual substance of e.acb segment ; so that the material taken 
in as food by the segments nearest the surface oi- margin is speedily 
iHffused through the entire mass. The relation between these ‘ poly- 
thalamous’ forms, therefore, and the moiiothalamons or single- 
chambered, of which we have already had an example in (Jromia. 
and of which others will be presently described, is simply tliat, 
whereas any buds produced by tlie latter detach themselves to foiin 
sepamte individuals, those put forth by the former remain in con- 
tinuity with the parent stock Jind with each othei*, so as to foiiii a 
‘composite’ animal and a ‘ jxilythalamous ’ shell. 

According to the ]>lan on which the gemmation takes place will 
be the configuration of the shelly structure produced by the seg- 
mented lK)dy. Thus, if the bud should be put forth from the 
aperture of a Layetia (Plate XIX, fig. 12 ) in the direction of tli(‘ 
axis of its bcxly, and a second shell should be formed around this 
bud in continuity with the first, and this process should be succes- 
siontdly repeated, a straight rod-like shell would be produced, whose 
multiple chamlwi's connnunicate with eixeh other by the openings that 
originally constituted tlieir mouths, the mouth of the last-formed 
chamber being the only aperture through which the protoplasmic* 
body, thus comjK)sed of a nuinl)er of segments connected by a 
peduncle or ‘ stolon ’ of the same material, could now project itself 
or draw in its food. The successive segments may be all of the 
^me size, or nearly so, in which case the entire rc)d will approtich 
the cylindrical form, or will resemble a line of beads ; hut it often 
happens that each segment is somewhat larger than the preceding 

I Dr. Schaodinn {2eitschr. /. wiss. ZooL lix, 1895, p, 191) has traced the 
details of nuclear division in Calciiuba polymoi'ph<i% 
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l*’.)- tlir riilii sln‘ll a tonn. tlir of’ 

tilt* v'oiii' l»rinL:‘ till* urii^inal st'^-nu'iiT. aial il> l>aM' t la* la'^t oiu' ft)niu‘(l. 
'I'la* of iri’ow l h now tHunnion to a lari^'' nmnl>or 

of PorMiiiinifvra. cliiotly Uolonirinir ti> thr siili {'aniily Xof/asin-i/Kf [ 
lull r\t*n in tliat urouj» wr haNo o\«‘i-y ni-atlalion lu'tw»>i‘n tlu' r'cfl 
liiKid ITi) nial t1h‘ s/iiritl modi' of i^rowtli (Hl:. 'i'j) ; w Infsf in 

till' ^'rnn.s rr,it /'i>ftl iy it i'- noT at all nm-ommon for sliolls w Im-h com 
mcncc in a ^^liral to c.xcliani^c tln> in a moi-i* ad\ancc<l stai^c for tlu' 
I'cctiliiU'al liai)it. When the snccc.vsi\c -NCijfmcnt ^ arc addt'd in a 
>j)iral dii-(‘ction. the charaet I'r of t he >j)ire w ill depend in iireat d<'Ln‘i'e 
upon the enla rijement or non enlargement of tin* suecessi\<-ly formed 
chaiidteis: for xum'liineN it open.'' out xcry rapidh. i*\er\ who»l 
heini^- coiisiderahK’ broader than that which it Mirronnds. in con- 
s ‘(jiience ot’ t he li'ieat exci'.'''' of* tin* y\/A' of each .''I'i^iiieiit oxer that of 
it .s predeci -.^^or. a^ 1 1 1 li^. (WKi ; hut moi e cominonK ihei eis 

so Jitth' dilfeii'lice l)etween the .''Ucce.vsi \ c ‘i; inen I s. a fl ei- 1 he .sj )i re 
lia.s made two or three turns, that the hreadth of'each w hoi l scaretdy 
excef'ds tliat ot its ja'i'decesMux a^ is well >een in the M'l'tion ofthe 
JiithiVtd represented in fii;. (hJl. An inteiuiediate eoiiilition is 



I V. l<’or.uniiiif('ra ; l'' nin>pl i\ awA ( >r}iirul mo . 


presented h\ Idihilni. which ma\' he taken as a charact e list tc t \ pe of 
a ver\ lar;.i'e and impm’tant eriuip of f’oraminifera. whose General 
featun's ^\ill lie piesently desei’ihed. Aiiain. a spiral may he 
('itliei' -iiautiloid' or •turhinoidf the former desieiiat ion heini^ 
applied to that foini in which the suc<-essi\e con\olu1ions all 
lie ill one plane (as t iiey do in the Nautilus), -o that the shell 

is S'cpiilat ma 1 ( )r similar on its two sides; w hil.-t the latter is 

Used to mark that form in which the spire pa'-e- ohIi<piei\ round 
an axis, so that the shell hecomes * inefjuilat eral. ha\ine a mo) e 
or less conical feirm. like that of a sn.ad <tr a periwinkle, the first 
formed chamher heini; at tin* apex. < )f t he formei' we have ehara<- 
teristic I'Xamples in ( Plate \ I X . 2:{) am) Sdinonnia , 

whilst of the latter we tind a tyjiical la^jnesentat i\ e in f,'nfdlia 

l)f*crdrii (fli;. ‘J'i). I‘'uithe|-. we find amoni: tie- shells \\ h' 
tak<‘s place upon tin* spiral plan a \ei-\ marl;i-d difh reni - 
ileii'l'ee in which tile earlier convolutions ale in\e-.tid and (i»neealed 
h\ the latter. In the er,.;,t ratnlnd i^roup. wire, cl la ract e list ic 

form is a turhinoid spiral, all the c(ui\ ohit ions are usually \ isihle. 
at lea-t on one side (jii:. 17): hut amoiiLf tin* ondflldhl tribes it nioie 
t*re«pienTl\ happens that the la-t-formed whorl eni'Io t he p)-e«*ei]i n<_» 
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to sucli nil (‘Xtniit tli( \ ;(io >cnr<M *1 \ . or not nt nil. visihlo 

ext ci'iinll v . ns is lli(*cno‘ in < ' ristrJhi rut (tii:’. 17). I*<>1 ii^l<nnt-lht -.‘))h 

ninl Xo/tionrHK. 'I'hr t .'sjiiio inn\ ooilxi rnpiilly riminl nn 

(‘iohi^nt 0(1 n xis Ihnt tin* nilliiLor ot* clinhilMTs in cncli turn is Very 
sinnll; thus in ( U()l>Kf(‘ri nn (lilts, *J1, Pinto XIX) tlioi-o ni(* 

nsnnlly only nn<l in V/drulntff the rc,i:iilnr nnnilx r i> only 

throo. 'riins \\c ni<* lo(l to ihc nil nii^cmont oftho ohniiiLors, 

\vhi(*li is chnincti'i’ist io of tho ^oonp (ti;L^. ((, and '.y 

l*lnt(> XV'III), in w hich wo tind t ho chniiihors n rrnn^o<l in two rows, 
(*noh chninhor oonmninicnt in^ with thnt nh()\c niid thnt helow it 
oil tlui opjiosito side, w it hout nn\ direct coiniimnicnt ion witli tho 
chumber of its owm side, ns will ho undoi^tood hy rotoionco to lii; 



Fio. (U>7. — Di.srorhi mi (jlohnUiria lioanlimi rnr/ftns, Sclmltze), 
with its |>s«-iidoj)(»(li:i (‘xtended. 


A, whii'h shows n'enst (d’ tho sn rcod(‘- body (d th(‘nniinnl. ( )n 
thootiu'r hand, wo lind in tho nniitiloid spirt* n tt'iidoncy to [>nss 
(hy a cm-ious t rniisit ionnl form to In* prt'soiitly dosci ihod) into tho 
modi' ot’ ii’rowt h : in which tho ori;^iiial si'omont, insti'nd of 
Iniddiny forth on one sidt* only, do vi dopes nil round, so thnt 

a ring of smnll chninhcrs (or chamberlets) is fornit'd aiovind tin* 
primordial chamhor. and this in its t urn surrounds it sol f after the 
lik(‘ fashion with anotln'r ring; and )>y succ('ssi\(‘ ri'pt't it ions of tlie 
snmo pnu’i'ss tin* shell conics to h.avi' tin* torm ot n disc iiind<' up of 
a groat nuiuhi'r of conci'ut ric rings, as wo s»'o in Orhilni if< .s (tig, tiOP) 
.and in t 'y/r/f»(7 (tig. <>-<). 

Tlicsi' and othor dilfori'iit'cs in tln‘ plint oj ijron'th woro mad'.* hy 
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M. d’Orbigny the foundatioi]^ of" Kis classification of this gmup, 
which, though at one time' geiierall}^ accepted, has now been aban- 
doned by most of those who have occupied themselves in the study 
of the Foraminifei-a. For it has come to ]ye generally admitted that 
‘ plan of growth ’ is a character of veiy subordinate importance 
among* the Foraminifera, so that any classification which is primaiily 
based upon it must necessarily be altogether vmnatural, those 
characters being of piimary imi)ortance which have an immediate 
and direct relation to the physiological condition of the animal, 
and are thus indicative of the i^eal affinities of the several gi'oups 
which they serve to distinguish. The most important of these 
characters will now be noticed. 

Two very distinct types of shell structure prevail among ordinary 
Foraminifera — namely, the par cellar ous and the hyaVme oi* vitremis. 
The shell of the former, when viewed by reflected light, pi*esents an 
opaque- white aspect which bears a sti'ong resemblance to porcelain ; 
blit when thin natural or artificial lamime of it are viewed by trans- 
mitted light the opacity gives place to a rich brown or amber 
coloui*, which in a few instances is tinged with crimson. No 
structure of any description can be detected in this kind of shell sub- 
stance, which is apparently homogeneous thi'oughout. Although 
the shells of this ‘ porcellanous ’ tyjie often present the appearance 
of being perforated with foramina, yet this appearance is illusory, 
being due to a mere ‘pitting’ of the external surface, which, though 
often very deep, never extends through the whole thickness of the 
shell. Some kind of inequality of that suiface, ind(‘ed, is extremely 
common in the shells of the ‘ porcellanous ’ Foraminifera, one of the 
most frequent forms of it being a regular alteimation of ridges and 
furrows, such as is occasionally seen in Miliola., but which is an 
almost constant characteristic of PeveropUs (fig. 606). J3ut no 
difference of texture accompanies either this oi- any other kind of 
ineipiality of surface, the raiseil and depressed juirtions being alike 
homogeneous. In the shells of tlie vitreous oi* hjalive type, on the 
other hand, the proper shell siibstance has an almost glassy trans- 
jiarence, which is sliown by it alike in thin natural lamellfe and in 
artificially prepared specimens of such as arii thicker and older. It 
is usually colourless, even when (as in the cast' with many KotdUi 
the substance of the animal is deeply coloured ; but in some few 
species, such as Clohiyerina rubra, Tnnicatalina rosea, and Polytrema 
ininlaceam, the shell is commonly, like tlu' animal body, of a more 
or less deep crimson hiu'. All the shells of the hyaline type are 
beset more or less closely with tabular perforations, which pass directly, 
and (in general) without any sulMlivision, from one surfact' to the 
other. These tubuli are in some instanct's sufficiently coarse for 
their orifices to be distinguished with a low magnifying power as 
‘ inmctations ’ on the surface of the shell, as is shown in fig. 607 ; 
whilst in other cases they are so minute as only to be discernible in 
thin sections seen by transmitted light under a higher magnifying 

I Thia subject will be fouiul amply discussed iu the Author’s Introduction to the 
Study of the Foraminifera, published by the Ray Society, to which work he would 
refer such of his readers as may desire more detailed information in regard to it. 
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power, a,s is shown in figs. 632, 633. When they are very numerous 
and closely set, the shell dei-ives from their presence that kind of 
opacity which is chamcteiistic of all minutely tubular textures 
whose tubuli ai’e occupied either by air or by any substance having 
a refi-active power diflferent from that of the intertubular substance, 
however perfect may be the transparence of the latter. The sti*aight- 
ness, parallelism, and isolation of these tubuli are well seen in verti- 
Ciil sections of the thick shells of the largest examples of the group, 
such as Niimmidites (fig. 631). It often happens, however, that 
cei'biin paits of the shell are left uiichannelled by these tubuli ; and 
such ai’e I’eadily distinguished, even under a low magnifying powei*, 
by the readiness with which they allow transmitted light to pass 
through them, and by the peculiai* viti-eous lustre they exhibit when 
light is thrown obliquely on their surface. In shells foimed upon 
this type we frequently find that the surface presents either bands 
or spots which are so distinguished, the non-tubular hands usually 
marking the position of the septa, and being sometimes raised into 
ridges, though in other instances they are either level or somewhat 
<lepi*essed ; whilst the non-tubular spots may occui* on any part of 
the surface, and are most commonly raised into tubercles, which 
sometimes attain a size and number that give a veiy <listinctive 
aspect to the shells that bear them. 

Between the comparatively coarse perforations whicli are common 
in the rotaline type, and the minute tubuli which ai*e characteristic 
of the nummuline, there is such a (‘ontinuous givadation as indicates 
that their mode of foi*mation, and probably their uses, are essen- 
tially the same. In the former, it has been demonstrated by actual 
observation that they allow the passage of pseudopodial extensions 
of the siircode-body through every part of the extei*nal wall of the 
chambers occupied by it (fig. 607) ; and there is nothing to oppose 
the idea that they answer the same purjx)8e in the lattei-, since, 
minute as they are, their diameter is not too small to enable them 
to be traversed by the finest of the thi*eads into which the bi*anching 
pseudopodia of Foraminifera are known to subdivide themselves. 
Moreover the close approximation of the tubuli in the most finely 
perfoi-ated nummulines makes their collective area fully equal to 
that of the larger but more .scattered pores of the most coarsely pei - 
fomted rotalines. Hence it is obvious that the tnhnlatlon or non- 
tuhulation of foraminiferal shells is the key to a very important 
phy.siological difterence between the animal inhabitants of the two 
kinds re.spectively ; for whilst eveiy .segment of the .sarcode-body in 
the foianer case gives off pseudopodia, which pass at once into the 
surrounding medium, and contribute by their action to the nutrition 
of the segment from which they proceed, these pseudopodia are 
limited in the latter case to the Jmal segment, issuing foi-th only 
through the apei-ture of the last chamber, so thiit all the nutrient 
material which they draw in must be fii*st received into the last seg- 
ment, and be transmitted thence from one .segment to another until 
it reaches the earlie.st. With this difference in the physiological con- 
dition of the animal of the.se two types is usually as.sociated a further 
very important diffei*ence in the confoiination of the shell — viz. 
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that whilst the aperture of communication between the chambers 
and between the last chamber and the exterior is usually very small 
in the ‘ viti^eous ’ shells, serving merely to give passage to a slender 
stolon or thread of sarcode from which the succeeding segment may 
be budded off, it is much wider in the ‘ porcellanous’ shells, so as to 
give passage to a ‘ stolon ’ that may not only bud oft’ new segments, 
but may serve as the medium for ti’ansmitting nutrient material 
from the outei’ to the inner chambers. 

Between the highest types of the j)orcellaiiovs and the viireons 
series respectively, which frequently ])ear a close lesemblance to 
each other in Jorm, there are certain other well-marked difterences 
in structure, which clearly indicate their essential dissimilarity. 
Thus, for example, if we compare OrhitoUtes (ftg. 609) with Cyclo- 
clypens we recognise the same plan of growth in each, the chamber- 
lets being arranged in concentric rings around the primordial 
chamber ; and to a suyiei-ficial observer there would appear little 
difference between them. But a minuter examination shows that 
not only is the textur(^ of the shell ‘ porcellanous ’ and non-tubular 
in Orbitolitfis, whilst it is ‘ vitreous ’ and minutely tubular in Cyclo- 
dyjypns, but tiiat the pjirtitions between the chamberlets are single 
in the foimer, whilst they are doable in the latter, each segment of 
the sarcode -body having its own proper shelly investment. Moi*e- 
over, betwen these double partitions an additional deyiosit of cal- 
careous substance is very commonly found, constituting what may 
be termed the interiaediate skeleton ; and this is traversed by a 
peculiar systcaii of inosculating canals, which yiass around the 
chamberlets in intersyiaces left between the two lamina' of their par- 
titions, and which seem to convey through its substanc‘e extensions 
of the sarcode-body wdiose segments occupy the chamberlets. We 
occfxsioiially find this ‘ int(‘rmediate skeleton’ extending itself into 
peculiar oatgroadhs, which have no direct relation to the chambered 
shell. Of this w^e have a very curious example in Calcarina ; and it 
is in these that we find the 'canal system’ attaining its greatest 
development. Its most regular distribution, however, is seen in 
Polystoinella and in Opercntiva ; and an account of it will be given 
in the description of those types. 

Forcellanea. — Commencing, now, with the porcellanoas series, 
we shall briefly notice some of its most important fornis, which ai’e 
so related to each other as to constitute but the one family ^Iiliolida. 
Its simplest type is presented by the Cornuspira of our own coasts, 
found attached to seaweeds and zoophytes; this is a minute spiial 
shell, of which the inteiior forms a continuous tube not divided into 
chambei’s ; the lattei* poT*tion of the spire is often very much flattened 
out, as in Peyteroplis, so that the form of the mouth is changed from 
a cii'cle to a long nari’ow slit. Among the commonest of the Bora- 
minifei’a, and abounding near the shores of almost every sea, are 
some forms of the inilioline type, so named from the resemblance of 
some of theii* minute fossilised forms (of which enormous beds of 
limestone in the neighbourhood of Paris are almost entirely com- 
posed) to millet-seeds. The peculiar mode of growth by which these 
are characterised will be best understood by examining, in the first 
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instance, the form which luis been designated as Spiroloculina. This 
shell is a spii'al, elongated in the direction of one of its diameters, 
and having at each turn a contraction at either end of that diameter 
which partially divides each convolution into two chambers ; the 
separation between the consecutive chambers is often made more 
complete by a peculiai* pi'ojection from the inner side of the aivity, 
known as the ‘ tongue ’ or ‘ valve,^ which may be considered as an 
imperfect septum. Now it is a very common habit in the milioline 
type for the chambers of the later convolutions to extend themselves 
over those of the earlier, so aM to conceal them more or less com- 
pletely ; and this they very commonly do somewhat unequally, so that 
more of the earlier chambers are visible on one side than on the 
other. Miliolcp. thus modified (fig. 1 , PI. XVIII) have received the 
names of Quhiquelocidina and Triloculina according to the number of 
chambers visible externally ; but the extreme inconstancy which is 
found to mark such distinctions, when the comparison of specimens 
has been sufficiently extended, entirely destroys their value as difier- 
ential characters, and tlie term Miliolina is now more frequently 
applied to them collectively. Sometimes, on the other hand, the 
earlier convolutions are so completely concealed by the later that only 
the two chambers of the last turn are visible externally ; and in this 
type, which has been designated Bilocnlina^ thei’e is often such an 
increase in the breadth of tlui chambers as altogether changes the 
usual proportions of the shell, which has almost the shape of an (‘gg 
when so placed that either the List or the penultim}\te chamber faces 
the observer. It is very common in milioline shells for the external 
surface to present a ‘ pitting,’ more or less deep, a ridge-and-furrow 
arrangement (fig. 3), or a honeycomb division ; and these diversities 
have be(‘n used for the characterisation of species. Not only, how 
ever, may every intei-mediate gradation be met with between the 
most strongly marked forms, but it is not at all uncommon to find 
the surface smooth on some pai-ts, whilst othei* parts of the surface 
in the same shell are deeply pitted oi' strongly libbed or honey- 
combed ; so that here, again, the inconstancy of these diflterences 
deprives them of much of their value as distinctive characters. 

An interesting illustration of the tendency to dimorphism 
amongst the Foraminifera has been observed by MM. Muniei* 
Ohalmas and Schlumberger ^ in the structure of the shells of this 
group. They find that while two forms, which they distinguish as 
form A and form B, are similar externally they differ in internal 
structure, form B having its initial chamber much smaller than that 
of form A, and this ‘ microsphere ’ is followed by a larger number of 
chambers than is the ‘ m(*gasphere ’ of form A. What this difierence 
signifies it is at present impossible to say, but it has been suggested 
that it may be one of sexual character, or, better, of a seides in a cycle 
of generations. The observations of the Fi*ench naturalists referred 
to open out a new field of inquiiy, and one which is enjoying the 
attention of several woikei's in this department of research. ^ 

1 Bullet m Soc. G^ol. ser. iii. vol. xiii. p. 273. 

^ Of. J. J. Lister in Phil. Trans. 136 B (1895), p. 401, and P. Schaiidinn, ‘ Ueber 
den Dimorphismus der Foraminiferen,’ S.B. Ges. Naturf. Berlin, 1895, p. 87. 
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Bevei‘ting again to the primitive type presented in the simple 
spiral of Cornuspira^ we find the most complete development of 
it in Peneroplis (fig. 606), a very beautiful form, which, although 
not to be found on our own coasts, is one of the commonest of all 
Foraminifera in the shore-sands and shallow-water dredgings of 
warmer regions. This is noi mally a mautiloid shell, of which the 
spire flattens itself out as it advances in giowth. It is marked 
externally by a series of transverse bamls, which indicate the posi- 
tion of the internal septa that divide the cavity into (chambers ; and 
these chambers communicate with eadi 6th er by numerous minute 
pores travei‘sing each of the septa, and giving passage to threads 
of sarcode that connect the segments of the body. At a is shown 
the ‘ s('ptal plane ’ closing in the last-formed chamber, with its single 
row of pores thi ough which the pseudopodial filaments t‘.xtend them- 
selves into the surrounding medium. The surface of the shell, 
which has a peculiarly ‘ porcellanous ’ aspect, is marked by closely 
s<'t strlat that cross the spaces between the successive septal bands ; 
these markings, however, do not indicate inteimal divisions, and are 
due to a surface -furrowing of the shelly walls of the chambers. This 
type passes into two very curious modifications, one having a spire 
which, instead of flattening itself out, remains tui'gid, lik(* that of a 
having only a single aperture, which sends out fissured 
extensions that subdivide like the branches of a, tree, suggesting the 
name of Dendritina^ the other having its spire continued in a rec- 
tilineal direction, so that the shell takes the form of* a, crosiei*, this 
bi‘ing distinguished by the name of Spirolina. A careful examina- 
tion of intermediate forms, however, has made it (‘vident that these 
modifications, though ranked as of generic value by M. d’Orhigny, 
ai'e merely varietal^ a continuous gradation being found to (^xist 
from tlu^ ('longat(‘d septal plane of the typical with its 

single row of isolated pores, to the arrow-shai)ed septal plane of 
Demlritliia^ with all its por(‘S fus(*(l togetlnu’ (so to sp(‘ak) into one 
dendritic apei'ture, and a like gradation being presente<l between 
the ordinary forms and the ‘ spiroline ’ varieties, with oval or even 
(drcular septal plane, into which both PencropUfi and Dendritina 
tend to elongate themselves. 

From thi^ ordinary nautiloid multilocular spiral we now })ass to 
a, more complex and highly developed form, which is i*estrictt‘d to 
tropical and subtropical regions, but is there very abundant-— that, 
namely, which has received the designation Orhiculhia (fig. 606). 
The relation of this to the pr(»ceding ty])e will be best understood 
by an examination of its earlier stage of growth ; for hei’e we 
see that the shell resembles that of PeneropUs in its general form, 
hut that its principal chambers are divided by ‘secondary septa’ 
passing at right angles to tlie primary into ‘ chain berlets ’ occupied 
by sub-segments of the sarcode-bo<ly. Each of these secondary 
septa, is perforated by an apei’ture, so that a, continuous gallei’y is 
formed, through which (as in fig. 609) there passes a stolon that 
unites together all the sub-segments of each row. The chamberlets 
of successive rows alternate witli one another in position ; and the 
pores of the principal septa ai*e so disposed that each chamberlet of 
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any row normally communicates with two chamberlets in each of the 
adjacent rows. The later turns of the spire very commonly grow com- 
pletely over the earliei*, and thus the centi'nl poi'tion or ‘ umbilicus ’ 
comes to be pi*otuberant, whilst the growing edge is thin. The spii*e 
also opens out at its growing margin, which tends to encii’cle the fiivst- 
formed poi'tion, and thus gives rise to the peculiar shape i*epresented 
in fig. 606, in the illustration on the extreme right, which is the 
common aduncal type of this organism. But sometimes even at an 
early age the growing margin extends so far round on each side 
that its two exti'emities meet on the opposite side of the original 
spii-e, which is thus completely inclosed by it ; and its subsequent 
growth is no longer spiral but cj/clical, a succession of concentric 
7'ings being added, one around the other, as shown in the middle 
illustration in the same figure. This change is extremely curious, as 
demonstrating the intimate relationship between the sjnral and the 
cyclical plans of growth, which at first sight appear essentially distinct. 
In all but the youngest examples of Orhicnliim the septal plane pre- 
sents more than a single row of pores, the numbei* of rows increasing 
in the thickest specimens to six oi* eight. This increase is associated 
with a change in the form of the sub-segments of sarcode from littk* 
blocks to columns, and with a greater complexity in the general 
arrangement, such as will be more fully described hereafter in 
OrhitoUtes, The largest existing examples of this type are fir sur- 
passed in size by those which make up a considerable part of a 
Tertiaiy limestone on the Malabar coast of India, whose diameter 
reaches seven or eight lines. 

A very curious modification of the same general plan is shown in 
Alveolina, a genus of which the largest existing forms (fig. 608) art‘ 
commonly about one-third of an inch long, while fir laiger speci- 
mens are found in the Tertiary limestones of Scinde. Here the 
spire turns round a veiy elongate axis, so tliat the shell has almost 
the form of a cylindei* drawn to a point at each extremity. Its 
surface shows a seiies of longitudinal lines which maik thi' pi-incipal 
septa ; and the bands that inteiwene between these ai-e marked trans- 
versely by lines which show the subdivision of the principal chambers 
into ‘ chamberlets.’ The chamberlets of each row are connected with 
each other, as in the jireceding type, l^y a continuous gallery ; and 
they communicate with those of the next row by a sei-ies of multiple 
pores in the piincipal septa, such as constitute the external oiifices of 
the last-formed series seen on its septal plane at a, a. 

The highest development of the cyclical plan of growth which 
we have seen to be sometimes taken on by Orbiculina is found in 
OrhitoUtes ; a type which, long known as a veiy abundant fossil in 
the earlier Tertiaiies of the Paris basin, has lately proved to be 
scarcely less abundant in cei'tain parts of the existing ocean. The 
largest recent specimens of it, sometimes attaining the size of a 
shilling, have hithei'to been obtained only from the coast of New 
Holland, the Fijian reefs, and various other parts of the Polynesian 
Archipelago ; but discs of comparatively minute size and simpler 
or ganisation ai-e to be found in almost all foraminiferal sands and 
dredgings from the shores of the wanner regions of the globe, being 
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light through them ; but in those which are too opaque to be thus 
seen tlirough, it is sufficient to rub down one of the surfaces upon a 
stone, and then to mount the specimen in balsam. Each of the 
superficial elevations will then be found to be the roof or cover of an 
ovate cavity or ‘ charnberlet,’ which communicates by means of a 
lateral passage with the charnberlet on either side of it in the same 
ring ; so that each circular zone of chamberlets might be described 
as a continuous annular passage dilated into cavities at intervals. 
On the other hand, each zone communicates with the zones that are 
internal and external to it by means of passages in a radiating 
direction ; these passages run, however, not from the chamberlets of 
the inner zone to those of the outer, but from the connecting pas- 
sages of the former to the chamberlets of the latter ; so that the 
chamberlets of each zone alternate in position with those of the zones 



Fig. 609. — Orbitolites. Ideal representation of a disc of complex tyiie. 


internal and external to it. The i*adial passages from the outermost 
annulus make their way at once to the margin, where they termi- 
nate, foiming the ‘ pores ’ which (as already mentioned) are to be seen 
on its exterior. The central nucleus, when rendered sufficiently 
transparent by the means just adverted to, is found to consist of a 
‘ primordial chamber ' (a), usually somewhat pear-shaped, that com- 
municjites by a narrow passage with a much larger ‘ circumambient 
chamber ’ (b), which nearly surrounds it, and which sends off a vari- 
able number of radiating passages towards the chamberlets of the first 
zone, which for ms a complete ring round the circumambient chamber’.^ 

1 Although the above may be considered the typical form of the Orbitolite, yet, 
in a very large proportion of specimens, the first few zones are not comxdete circles, 
the early growth having taken place from one side only ; and there is a very beautiful 
variety in which this one-sidedness of increase imparts a distinctly sjdral character 
to the early growth, which soon, however, gives place to the cyclical. In the Orhiio- 
liteaitalica (fig. 611), brought up from depths of 1,500 fathoms or more, the ‘nucleus ’ 
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The idea of the nature of the living occupant of these cavities 
which might be suggested by the foregoing account of their arrange- 
ment, is fully borne out by the results of the examination of 
the sarcode-body, which may be obtained by the maceration in 
dilute acid (so as to remove the shelly investment) of specimens of 
Orhitolites that have been gathered fresh and preserved in spirit. 
For this body is found to be composed (fig. 610) of a multitude of 
segments of sarcode, presenting not the least trace of higher organi- 
sation in any part, and connected together by ‘ stolons ’ of the like 
substance. The ‘ primoi’dial ’ pear-shaped segment, is seen to 
have budded off its ‘ circumambient ’ segment, i, by a narrow foot- 
stalk or stolon ; and this circumambient segment, after passing almost 
entirely round the primordial, has budded off* three stolons, which 
swell into new sub- 
segments from which 
the first ring is formed. 

Scarcely any two speci- 
mens are precisely alike 
as to the mode in 









which the first ring 
originates from the 
‘ circumambient seg- 
ment ; ’ for sometimes 
a score or more of 
radial passages extend 
themselves from every 
part of the margin of 
the latter (and this, as 
coiTesponding with the 
plan of growth after- 
wards followed, is 
probably the typical 
arrangement) J whilst Pkj, GIO.— Composite animal of simple type of Orhito- 
in other cases (as in Jites complniiata :~-a, central mass of sarcode; 
flip Circumambient segment, giving off peduncles, in 

rne example ot^ioie us; which originate the concentric zones of sub-segments 

the number ot these connected by annular bands, 
primary offsets is ex- 
tremely small. Each zone is seen to consist oi' .ni a^st'uiblage of 
ovate sub-segments, whose height (which could not be sliown in 
the figure) coi'responds with the thickness of the disc ; these sub- 
segments, whicli are all exactly similar nnd eijunl to one another, 
are connected by annular stolons ; and each zoiu* is cniiiiected with 
that on its exterior by radial extensions of those .stolons passing off 
between the sub-segments. 

The radial (‘xt (ursions of the oid^ernio.st zone is.sia' forth as 
pseudopodia lioiii tin* marginal pores, searching for and drawing in 
alimentary materials in the manner foi-mei'ly described ; the whole 
of the soft body, which has no communication whatever with 

is formed by three or four turns of a spiral closely resembling that of a Gornuspira 
with an interruption at every half-turn, as in Spiroloculma, the growth edter- 
wards becoming purely concentric. 
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the exterior, save through these marginal pores, being nourished 
by the ti ansniission of the products of digestion from zone to zone 
tlirougli similar bauds of protoplasmic substance. In all cases in 
wliicli th(‘ growtli ()f‘tlu‘ disc takes pkice witli normal regularity it 
IS |)rol)al)le that a eomph'te circular zone is addl'd at once. Thus 
we lind this simple type of organisation giving origin to fabrics of 
by no means microscopic dimensions, in which, however, there is no 
other differentiation of parts than that concerned in the formation 
of the shell, eveiy segment and every stolon (with the exception of 
till' two tbi mi ng the ‘nucleus’) being, so far as can be ascertained, 
a pri'cLse rej)etition of every other, and the segments of the nucleus 
differing from the rest in nothing else than their form. The equality 
of the endowments of the segments is shown by the hmt— of which 
accident has repeatedly furnished proof — that a small portion of a 
disc, entirely separated from the remainder, will not only continue 



Fig. 611. — Disc of Orhitolites itulica, Costa, sp. (0. tenuissima^ Carp.), 
formed round fragment of previous disc. 

to live, but will so increase as to form a new disc (fig. 611 ), the want 
ofj^the ‘ nucleus ’ not appearing to be of the slightest consequence, 
from the time that active life is established in the outei* zones. 

One of the most curious features in the history of this type is its 
capacity for developing itself into a form which, whilst funda- 
mentally the same <‘is that previously desciibed, is veiy much more 
complex, ^n all the lai'ger specimens of Orhitolites we observe that 
the marginal j>oi*es, instead of constituting but a single row, form 
many rows one above another ; and, besides this, the chamberlets 
of the two surfaces, instead of being i*ounded or ovatt^ in form, are 
usually oblong and straight-sided, their long diameters lying in a 
radial direction, like those of the cyclical type of Orhicidina. When 
a vertical section is made through such a disc, it is found that these 
oblong chambeis constitute two superficial layei-s, between which 



ORBITOLITES 


809 


are interposed cohtmnar chambers of a rounded f(U*m ; ami these 
last are connected togetlmr hy .» coinpK'x s(‘i-i(‘s of passa,i,^(‘s, the 
arrangement of which will l>e l)(‘vt umhastood iVoiii tlu‘ (‘xamijiatioii 
of a part of the sarcode-body that occupies them (fig. G12). For the 
oblong superficial chambers are occupied by sub-segments of sarcode, 
c c, d d, lying side by side, so as to form part of an ammliis, but 
each of them disconnected from its neighbours, and eomiimnicating 
only by a double footstalk with the two annular 'slolon^f <i a\ h 
which obviously correspond with the single stolon of * sim])le ’ types 
(fig. 610). These indirectly connect together not merely all the 
superficial chamberlets of each zone, but also the columnar sub- 
segments of the int(‘.rmediate layer ; for these' columns (e e, d d) 
terminate above and below in the annular stolons, sonietiiiK's passing 
directly from one to the other, hut sonu'tinu'.s going out of their 
direct course to coalesce with 


another column. The columns 
of the successive zones (two sets 
of which are shown in the 
figure) communicate with each 
othei* by threads of sarcode in 
such a manner that (as in the 
simple type) each column is 
thus brought into connection 
with two columns of the zone 
next interior, to which it alter- 
nates in position. Similar 
threads, passing oft' from the 
outei-most zone through the 
multiple ranges of marginal 
pores, would doid^tless act as 
pseudopodia. 



Now this plan of growth is Fig. GI2. -Portion <.f .mnnal oi (omplex 


so different from that previously 
described that there would at 
first seem ample ground for 


type of Orhtfoltfes conijihuKttd . 
(( (I'j h h\ the upi^er and lower rings of 
two concentric zones ; c c, tlie ui^per 
layer of superficial sub-segments, and 


separating the simple and the 
complex types as distinct species. 
But the test furnished by the 


d d, the lower layer, connected with the 
annular bands of both zones ; e e and 
e' e\ vertical sub- segments of the two 
zones. 


examination of a large number 

of specimens^ which ought never to be passed by when it can possibly 
be appealed to, furnishes these very singular results : 1st, that the 
two forms must be considered as specifically identical ; since there is 
not only a gradational passage from one to the other, but they ai‘e 
often combined in the same individual, the inner and fii’st-formed 


portion of a large disc fi'ecjuently prcvsenting the simple type, whilst 
the outer and later-for;ned part has developed itself upon the complex ; 
2nd, that although the last- mentioned cii*cumstance would natui’ally 
suggest that the change from the one plan to another may be simply 
a feature of advancing age, yet this cannot be the case : since, 
although the complex sometimes evolves itself even from the very 
first (the ‘ nucleus,’ though resembling that of the simple form, sending 
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out two or more tiers of ludiating threads), more frequently the 
simple prevails for an indefinite number of zones, and then changes 
itself in the course of a few zones into the complex. No depart- 
ment of natural history could fui-nish more striking instances than 
are afforded by the different forms presented by the foraminiferal 
types now described, of the wide range of variation that may occur 
within the limits of one and the same species ; and the microscopist 
needs to be specially put on his guard as to this point in respect to 
the lower types of animal as to those of vegetable life, since the 
determination of form seems to be far less precise among such than 
it is in the higher types. ^ 

In what manner the reproduction of Orhitolites is accomplished, 
we can as yet do little more than guess ; but from appearances 
sometimes presented by the sarcode-body, it seems reasonable to 
infer that gemmules, corresponding with the zoospores of proto- 
phytes, are occasionally formed by the breaking up of the sarcode 
into globular masses, and that these, escaping through the marginal 
pores, are sent foi’tli to develop themselves into new fabrics. 

Arenacea. — In certain forms of the preceding family, and espe- 
cially in the genus Miliola, we not unfrequently find the shells en- 
crusted with particles of sand, which are imbedded in the proper 
shell substance. This incrustation, however, must be looked on as 
(so to speak) accidental, since we find shells that are in eveiy 
other respect of the same type altogetlier free from it. A similar 
accidental inci’U.station presents itself among certain ‘ vitreous ' and 
perforate shells ; but there, too, it is usually on a basis of tiaie shell, 
and the sandy incrustation is often entirely absent. There is, how- 
ever, a group of Foraminifera in which the true shell is constantly 
and entirely replaced by a sandy envelope, which is distinguished as 
a ‘ test,’ the arenaceous particles being held together only by a 
cement exiided by the animal. It is not a little curious that the 
forms of these aicnaceous ‘ tests ’ should repi*esent those of many 
diffei’ent types among both the ‘ porcellanous ’ and the ‘ vitreous ’ 
series ; whilst yet they graduate into one another in such a mannei* 
as to indicate that all the members of this ‘ arenaceous ’ group are 
closely related to each other, so as to form a series of their own. 
And it is furthei* remarkable that while the deep-sea dredgings 
recently carried down to depths of from 1,000 to 2,500 fathoms 
have brought up few forms of either ‘ porcellanous ’ or ‘ vitreous ’ 
Foraminifera that were not previously known, they have added 
greatly to our knowledge of the ‘ arenaceous ’ types, the number and 
variety of which far exceed all previous conception. These have 
been systematiailly described by Mr. H. B. Brady, F.R.S.,^ whose 
researches have led him to believe that the long- established division 

^ For further information on the subject of OrhitoUtes see the Author’s account 
of the genus in the reports of H.M.S. Challmger. Mr. H. B. Brady in his ‘ Cha llenger ’ 
Report (p. 224) describes a remarkable allied type from the Southern Ocean — 
KeramosphcBra Murrayi — in which the test is spherical, and the chambers are 
arranged in concentric layers. 

* See his important report on the Foraminifera dredged by H.M.S. Challenger 
(1884), illustrated by 116 plates. A large number of deep-sea forms has lately been 
described by Dr. A. Goes, from the dredgings of the Albatross ; see Bull. Mus, Comp. 
ZooU xxix. (1896). 
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of the Foramiiiifei*a into the arenaceoiLs and calcareous gi'oups does 
not correspond to any natural arrangement ; for, although the rule 
is tolerably constant in many groups, there are others, notably certain 
sub-families of Textidariidce^ in which it is by no means uniform. 

In the midst of the sandy mud which formed the bottom where 
the warm area of the ‘ Globigerina mud ’ abutted on that over which 
a glacial stream flowed, there were found a numbei- of little pellets, 
varying in size from a large head tf) a larger pea, formed 

of an aggregation of sand-grains, minute foraminifers, &c., held 
together by a tenacious protoplasmic substance. On tearing these 
open the whole interior was found to have the same composition, 
and no trace of any structural arrangement could be discovered in 
their mass. Hence they might be supposed to be mei*e accidental 
agglomerations were it not for their conformity to the ‘ monorozoic ’ 
type previously described ; for, just as a simple ‘ moiier,’ by a diSeren- 
tiation of its homogeneous sarcode, becomes an Anuxba, so would 
one of these uniform blendings of sand and sarcode by a separation 
of its two components — the sand forming the investing ‘ test ’ and 
the sarcode occupying its inteiior — become the arenaceous Asti'O- 
rhiza. This type, which abounds on the sea-bed in certain localities 
pi*esents remarkable variations of form, being sometim(*s globular*, 
sometimes stellate, sometimes cervicoi*n. But the same general 
arrangement pre\’ails throughout, the cavity being (xxmpied by a 
dark-green sai'code, while the ‘test’ is composed of loosely aggregated 
sand-grains not held together by any recognisable cement, and has 
no definite orijlcey so that the pseudoporlia, must issue from inter- 
stices between the sand-grains, which spaces are pi*obably occupied 
during life with living protoplasm that continues to hold together 
the sand-grains after death. These are by no means microscopic 
forms, the ‘ stellate ’ varieties ranging to ()*‘l or even ()’4 inchin 
diameter, and the ‘ cervicorn ’to nearly 0*5 inch in length.^ A much 
larger foi*m was found by Mr. Brady among the dredgings made 
in the Faroe Channel (see his ‘ “ Challengei* ” Report,’ p. 242); 
Si/ringammina appears, when complete, to have been a, sphere about 
an inch and a half in diameter ; owing to its large size the almost com- 
plete absence of cement becomes very noticeable, for the fragile form 
am scarcely support its own weight when taken out of the water. 

Later on another large and interesting type belonging to 
the same group was obtained by Mr. Wood-Mason, late of the 
Indian Museum, from the Bay of Bengal.^ This has received the 
generic name Masonella. The test consists of a thin sandy disc, 
nearly half an inch in diameter, either flat or .sjiucer -shape, with 
a central chamber and simple or branched radiating tubuli open 
at the periphery. 

The purely arenaceous Foraminifera are ranged by Mr. H. B. 
Brady ^ (by whom they have been especially studied) under two 

1 See the description and figures of this type given by the Author in Quart. 
Joum. Microsc. Sci. vol. xvi. 1876, p. 221. 

2 Ann. and Mag. Nat. Hist. 1889, ser. vi. vol. iii. p. 293, woodcuts. 

5 See his ‘ Notes ’ in Quart. Joum. of Microcs. Sci. n.s. vol. xix. 1879, p 20, and 
vol. xxi. 1881, p. 31. 
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families, the first of which, Asirorhizida, includes with the preceding 
a iHiiiilx'i' (){ {‘oarsi* sai idy forms, usually of consideiuble size, and 
essiaitially monotlialanuuis, though sometimes imperfectly chainlxa ed 
by constrictions at intervals. Some of the more interesting examples 
of this family will now be noticed, beginning with the Saccmnmina ‘ 
(Sars). w liic li is a remarkably regular type, compost'd of coarse sand- 
grains linnly cenuaited together in a globular form, so as to constitute 
a wall ni'aily smooth on the outer, though rough on the inner surface, 
with a piojt eting neck suiTounding a circulai' mouth (fig. 613, a, b, 
c). This t \ [u', w Inch occurs in extraordinary abundance in certain 
localities (as tlie entrjince of the Christiiinia fjord, and still further 
north on the shoi'es of Fi*anz Josef Land), is of peculiar interest 
from the fact that a closely allied species (Saccammhia (Jarteri) is. 



Fig. 613. — ^ Arenaceous Poraminifera ; Saccainmina sphccrica ; the same 
laid open ; c, portion of the test, enlarged to show its component sand- 
grains ; d, Filulina Jeffrey tiii; e, portion of the test enlarged, showing 
the arrangement of the si)onge-spicule8. 

as Mr. H. B. Brady has shown, one of the chief constituents of 
certain beds of the Lower Carboniferous limestone of the north of 
England and elsewhere. In striking contrast to the preceding is 
another single -chambei'ed type, distingui.shed by the whiteness of 
its ‘ test,’ to which the Author has given the name of Piltdina, from 
its resemblance to a homceopathic ‘globule’ (fig. 613, d, e). The 
form of this is a very i*egular sphere ; and its orifice, instead of 
being circular and surrounded by a neck, is a slit or fissure with 
slightly i‘;n‘s(*d lips, and having a somewhat S-shaped curvature. It 
is by tlm striadure of its ‘test,’ however, that it is especially dis- 
tinguished ; for this is composed of the finest ends of sponge-spicules, 
very regularly ' laid ’ so tis to form a kind of felt, thi ough the sub- 

1 For a detailed account of S. sphcerica consult L. Rhumbler, in vol, Ivii. of Zeitschr. 
/. wiss. Zool. 
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stance of which very fine sand-grains ;n o dispersed. This ‘ felt ’ is 
somewhat flexible, and its components do not seem to be united by 
any kind of cement, as it is not affected by being boiled in st rong 
nitric acid; its tendency, therefore, seems entirely due to the 
wonderful manner in which the separate silicious fibres are ‘ laid.’ 
It is not a little curious that these two forms should present them- 
selves in the same dredging, and that there should be no ]>('rceptible 
difference in the character of their sjxrcode bodies, w Inrh, es in the 
preceding case, have a dark-green hue. The Mm'Hiprlla. dongata 
(fig. 614, d)^ on the other hand, is somewhat fusiform in sli:i])e, and 
has its two extremities elongated into tubes, with a circnlnr orifice 
at the end of each. The materials of the ‘ tests ’ differ lemarkably 
accoi'ding to the nature of the bottom whereon they live. Wlien 



Fig. 014. — Arenaceous Poraminifera : a, upper and lower aspects of Hajtlo- 
phragtiiiiun glohigeri7iiforme\ c, HormoHina globiilifera \ Marsipella 
elongata ; e, terminal portion, and /, middle portion of the same, enlarged ; 
g, Thuravimina papillata ; portion of its inner surface, enlarged. 

they come up with ‘Olobigerina mud,’ in which sponge spicules 
abound, whilst sand-grains are sctxrce, they are almost entii'ely 
made up of the former, which ai*e ‘ laid ’ in a sort of lattice-work, 
the interspaces of which ai*e filled up by fine sand -grains; but when 
they are brought up from a bottom on which sand laedominates, 
the larger part of the ‘ test ’ is made up of sand -grains and minute 
Foraminifera, with here and there a sponge-spicule (fig. 614, d^f). 
In ea.(;h case, however, the tubular extensions (one of which some- 
times forms a sort of proboscis, e, nearly equalling the body itself 
in length) are entirely made up of sponge-spicules laid side by side 
with extraordinai’y I'egularity. The genus Rhahdammhm (Sars) 
resembles Saccammina in the structure of its ' test,’ which is com- 
posed of sand-grains very firmly cemented together ; but t he grains 
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ai*e of smaller size, and they are so disposed as to present a smooth 
surface internally, though the exterior is rough. What is most 
i*emarkable about this is the geometrical regolarity of its form, 
which is typically triradiate (fig. 615, c), the rays divei-ging at e(j[ua,i 
angles from the central cavity, and each being a tube (d) with an 
orifice jit its extremity. Not unfrequently, howevei*, it is quadri- 
radiate, the i-ays diverging at right angles ; and occasionally a fiftJi 
my presents itself, its radiation, however, being generally in a 
diflferent plane. Tlie thi-ee rays are normally of equal length ; but 
one of them is sometimes shorter than the other two ; and when 
this is the case the angle between the long rays increases at the 
expense of the other two, so that the long rays lie more nearly in a 
straight line. Sometimes the place of the third ray is indicated 
only by a little knob ; and then the two long rays have veiy nearly 
the same direction. We are thus led to forms in which there is no 
vestige of a third ray, but mei'ely a single straight tube, with an 
orifice at each end ; and the length of this, which often exceeds 
half an inch, taken in connection with the abundance in whicli it 
presents itself in dredgingSiiii which the triradiate forms are rare, 
seems to preclude the idea that these long single i*ods are bi*oken 
rays of the latter. It is undoubtedly in this gi'ouj) that we ai*e to 
place the genus H aliphy senna ^ which, from constructing its ‘test' 
entirely of sponge-spicules, and even including these in its pseudo- 
podial expansions, has been ranked as a sponge, although observation 
of it in its living state leaves no doubt whatever of its rhizopodal 
chai*actei-.^ 

Lituolida. — The type of this family, which is named aftei* it, is 
a large sandy many-chambered fossil form occurring in the chalk, 
to which the name Litnola was given by Lamarck, from its resem- 
blance in shape to a cixrsier. A great variety of reccnit forms, mostly 
obtained by deep-sea dredging, are now included in it, as betiring 
a more or less close resemblance to it and to each other in theii* 
chambered structure, and in the ai'iungement of the sand-grains of 
which their tests are formed. These grains ar(‘, for tlu*. most part, 
finer than those of Avhich the tests of the preceding fauiily are con- 
structed, and ai*e set (so to speak) moi*e ai’tistically, and a con- 
siderable quantity of a cement exuded by tlu‘ animal is em})loyed 
in uniting them. This is often mixed up with sandy particles of 
extreme finencvss to form a sort of ‘ pLister ’ with which the exterior 
of the test is smoothed off, so as to present quite a polished surface. 
It is remarkable that the cement contains a considerable quantity 
of oxide of iron, which imparts a ferruginous hue to tlu^ ‘ tests’ in 
which it is largely employed. The forms of the Lit noline ‘ tests ' 
often simulate in a vei-y curious way those of the simpler types of 
the vitreous series. Thus, the long spirally coiled undividecl sandy 
tube of A mniodlscus is the isomoi*ph of Spirillina. In the genus Uaplo- 
phrayininm (fig. 614, a, 6, and Plate XVIII, fig. 6) we laive singulai* 
imitations of the Globigerine, Rotaline, and Nonionine types ; and in 

1 See Mr. Saville Kent in Ann. of JSIat. Hist. ser. v. vol. ii. 1878 ; Professor Ray 
Lankester in Quart. Journ. Microsr. Sci. vol. xix. 1878, p. 476 ; and Professor Mobius’s 
Foraminifera von Mauritius^ 1880. 
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Thurammina papillata (fig. 614, ^)anot less remarkable iinitntion of 
tlifi Orbuline. This last is specially noteworthy for the .Hluiii able 
niaiiiH'r in which its component sand-grains are set togetl tlu\so 
l)eing small and very uniform in size, and being disposed in such a 
manner as to present a smooth surfiice both inside and out (fig. 614, h), 
whilst there are at intervals nipple-shaped protubei-ances, in every one 
of which there is a rounded orifice. A like perfection of finish is seen 
in the test of llorinosina glohulifera (fig. 614, c), which is composed 
of a succession of globulai* chambers rapidly increasing in size, each 
having a narrow tubular neck with a rounded orifice, which is 
received into the next segment. In other species of the same genus 
there is a nearei* approach to the ordinaiy Nodosarine type, theii* 
tests being sometimes constructed with the icgularity characteristic 
of the shells of the true Xrulnsiana^ Plnti* XIX. l(i, whilst in other 



Fig. 615. — Arenaceous Foraminifera ; a, h, exterior and sectional views of 
Bheophax sabulosa ; c, Bhahdammina ahyssorvm ; cZ, cross section of one 
of its arms ; e, Bheophax scorpiurus ; /, Hormosina CarpeyiteH. 


cases the chambers are less regularly disposed (fig. 615,/), liaving 
rather the character of bead-like enlargements of a tube, w liilst llieir 
walls show a less exact selection of material, sponge-spi coles Ixdng 
worked in with the sand-grains, so as to give them a hirsole asp(H-( . 
A greater rudeness of stru(dan-e shows itself in the Xodosai ioi' foiaiis 
of the genus Bheophax, in which not only are the sand -grains of the 
test very coarse, but small Foraminifera are ofteii worktal up with 
them (fig. 615, < 3 ). A straight, many-chamlKoed form oC lla' same 
genus (fig. 615, h)\^ remarkable forthe peculiar tiuisli of 1 la* iuM*k 

of each segment; for whilst the test generally is composi'd oT saiid- 
grains, as loosely aggregated as those of which th<‘ t(‘sl of A !<trnrJuza. 
is made up, the grains that form the neck are fiivm I y 1 111 in m I by ler 
ruginous cement, forming a very smooth w'all to the lul)ular oi ilicia 
Th(‘ liighest development of the ‘arenaceous’ type at 1 lu' present 
time is found in the forms that imitate the very regular naatlloid 
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shells, l)otli of the ^ porcellanous ’ and the ‘ vitreous ’ series ; and the 
most remarkable of these is the Cyclammina cancellata (fig. 616), 
whicli has been brought u)> iu cousidi'rable abundance from depths 
ranging downwards to l.iMIO fathnms, the largest examples being 
found witliin 700 fathoms. The test (fig. 616, a) is composed of 
aggfegated saiahgr.iins tirmly cemented together and smoothed over 
extm nally with ’ plastnr,’ in which large glistening sand-grains are 
somtdimes set at i c'gidar intervals, as if for ornament. On laying 
()[)en tlie spire it is found to be very regularly divided into chambers 
by partitions foi ined of cemented sand-grains (h), a communication 
between these chambers h(‘ing left by a fissure at tlie inner margin 
of the s])ire, as in Operculina (fig. 628). i One of the most curious 
featuit's in tlie structure of this type is the extension of the cavity 
of €?ach chamber into passages <‘xcavated in its thick external wall. 



Fig. 616 . — Cyclammina cancellata^ showing at a, its external aspect; 

&, its internal structure ; c, a portion of its outer wall in section, more 
highly magnified, showing the sand-grains of which it is built up and 
the passages excavated in its substance. 

each passag(^ lK‘ing surrounded by a very regular arrangement of 
sand-giains, as shown at c. It not unfrequently happens that the 
outer layer of the test is worn away, and the ends of the passages 
then show themselves as pores upon its surface ; this appearance, 
however, is abnormal, the passages simply running from the chamber- 
cavity into the thickness of its wall, and having ‘(so long as this is 
complete) no external opening. This ‘ labyrinthic ’ structure is of 
gi*eat interest, from its relation not only to the similar structure 
of the hu ge fossil examples of the same type, but also to that which 
is presented in other gigantic fossil arenaceous forms to be presently 
descril)ed. 

Although some of the nautiloid Lituolm are among the largest 
of existing Foraminifera, having a diameter of 0‘3 inch, they are 
mere dwarfs in comparison with two gigantic fossil forms, whose 
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structure has been elucidated by Mr. H. B. Brady and tlu‘ Author.’ 
Geologists who have worked over the Gr(‘ensand of C’aiuln idoeshire 
have long been familial* with solid s[)heri('al hodios wliieli tlu*re 
present themselves not unfrequently, vmying in size from tliat of a 
pistol-bullet to that of a small cricket-ball ; and whilst some regarded 
them as mineral coner(‘tions others were led by certain a])[)earanc(‘s 
pi*esented by fboii' sui fares t() suppose them to be fossilised s])ong(*s. 
A specimen having been fortunately discovered, however, in which 
the original structure had remained unconsolidated by mineral in- 



Fig. 617.— General view of tin? internal structure of Parker in : In the hori- 
zontal section, /-f P, Z’, P mark the four thick layers; in the vertical 
sections A marks the internal surface of a layer separated by concentric 
fracture ; B, the appearance presented by a similar fracture passing through 
the radiating jn’ocesses ; C, the result of a tangential section passing 
through the cancellated substance of a lamella; D, the appearance pre- 
sented by the external surface of a lamella separated by a concentric 
fracture which has. passed through the radial processes ; E, the aspect of a 
section taken in a radial direction, so as to cross the solid lamella?, and their 
intervening spaces; c‘, c’-, r\ r', successive chambers of nucleus. 

filtration, it wns submittod by Professor Morris to the Autlior, who 
was at once h‘(l ly Ins (‘xaniination of it- to recoginVo it ns .1 meiidan- 
of the arenaceous group of Foramiuifern, to wdiieli lu* gn\ (* tlie de- 
signation Par in compliment to Ins valiual friend ;ind eoadjutor, 

Mr. W K. Parker. A section of tl>e s})l un-c takom thiough its 
centre (fig. 617) presents an .aspect very nuicli resenil)ling that of an 
Orbitolite, a series of chamberlets Iteing concent cic.dly .aiTunged 
round a ‘ nucleus; ' and as tlii> same a|)peaianc(‘ is pi-esented, what- 
ever be the direction of the section, it lu'conu's a[)[)ar(‘nt tliat these 

' See tlieir ‘ T)('sei-i pi ion of Parkrrid and Loftusia* in Philosophical Trans- 
<i(‘lloiis, isiia, p. 721. Tliough it a[)pears eonveuient to allow this description of 
Porkcrio to remain, it must be noted that some of those most competent to judge 
;ti-e of opinion that Parkci ia is one of the Stroinatoporoids, an obscure and difficult 
•ax)up of fossil Hyclroidd (sec the memoir by Professor Alleyne Nicholson, published 
in 1886 by the Paleeontow j ai -liical Society). 
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chamberlets, instead of being iixrjmged in successive rings on a single 
plane, so as to form a disc, are grouped in concentric spheres^ each 
completely investing that which preceded it in date of formation. 
The outer wall of each chamberlet is itself penetrated by extensions 
of the cavity into its substance, as in the Cyclammina last described ; 
and these passages are separated by partitions very regularly built 
up of sand-grains, which also close in their extremities, as is shown 
in fig. 618. The concentric spheres are occasionally separated by 
walls of more than ordinary thickness, and such a wall is seen in 
fig. 617 to close in the last-formed series of chamberlets. But these 

walls have the same ‘ labyrinthic’ 



Fig. 618 . — Portion of one of the lamella* 
of Parkerla^ showing the sand-grams of 
which it is built up, and the passages 
extending into its substance. 


structure as the thinner ones, 
and an examination of numerous 
specimens shows that they are 
not foi med at any regular inter- 
vals. The ‘ nucleus ’ is always 
composed of a single series of 
chambers arranged end to end, 
sometimes in a straight line, as 
in fig. 61 7, c^, c^, o'*, sometimes 

forming a spiial, and in one in- 
stance I’eturning upon itself. 
But the outermost chamber en- 
larges, and extends itself over the 
whole ‘ nucleus,’ very much as the 


‘ circumambient ’ chamber of the 


Orbitolite extends itself I'ound the pidmordial chamber ; and radial 
pi olongations given oft’ from this in every direction form the first 
investing sphere, round which the entire series of concentric 
spheres are successively formed. Of the sand of which this remark 
able fabric is constructed about 60 per cent, consists of phosphate of 
lime, and nearly the whole remainder of cai bonate of lime. Another 
large fossil arenaceous type, constructed up(m the same general j)lan, 
but growing spirally i*ound an elongated axis, aftei* the manner of 
Alveolina (fig. 608), and attaining a length of three inches, has been 
described by Mr. H. B. Brady {loc, cit.) under the name Loftnsia, aftei* 
its discoverer, the late Mr. W. K. Loftus, who bi*ought it from the 
Turko-Persian frontier, where specimens were found in considerable 
numbers imbedded in ‘a blue marly limestone,’ probably of early 
Tertiary age. 

There is nothing, it seems to the Author, more wonderful in 
Nature than the building up of these elaborate and symmetrical 
structures by mere ‘ jelly-specks,’ presenting no trace whatever of 
that definite ‘ organisation ’ which we are accustomed to regard as 
necessary to the manifestations of conscious life. Suppose a human 
mason to be put down by the side of a pile of stones of various shapes 
and sizes, and to be told to build a dome of these, smooth on both 
surfaces, without using more than the least possible quantity of a 
very tenacious but very costly cement in holding the stones togethei*. 
If he accomplished this well, he would receive credit for great in- 
telligence and skill. Yet this is exactly what these little ‘ jelly-specks ’ 
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do on a most minute scale, the ‘ tests ^ they construct, when highly 
magnified, hearing comparison with the most skilful masonry of man. 
From the same sandy bottom one species picks up the coarser quartz - 
grains, unites them together with a ferruginous cement secreted from 
its own substance, and thus constructs a flask-sh.aped ‘ test,’ having 
a short neck and a single large orifice. Another picks up the finer 
grains and puts them together with the same cement into perfectly 
spherical ^ tests ’ of the most extraordinary finish, perforated with 
numerous small pores disposed at pretty regular intervals. Another 
selects the minutest sand-grains and the terminal portions of sponge- 
spicules and works these up 'together — apparently with no cement 
at all, but by the mere ‘laying’ of the spicules— into perfect white 
spheres, like homceopathic globules, each having a single fissui-ed 
orifice. And another, which makes a straight many-chand^ered ‘test,’ 
the (;oiiical mouth of each (;hambei- projecting into the cavity of the 
next, while foi*ming the walls of its chambers of ordinary sand-grains 
rather loosely held togethei-, shapes the conical mouths of the suc- 
cessive chambers by fii*ndy cementing to each other the quartz -gi-ains 
Avhich border it. T'o give these actions the vague designation ‘ in- 
stinctive ’ does not in the least help us to account for them ; since 
what we want is to discover the mechanism by which they are worked 
out ; and it is most difiicult to conceive how so aitificial a selection 
can be made by cre^atures so simple. 

Vitrea. — Ueturning now to the Foraminifera which foim true 
shells by tlie calcification of the supei-licial layer of their sarcode- 
l)odies, we shall take a similar general survey of the vitreoas series, 
whose shells are perforated by multitude's of minute foramina (fig. 
(i07). Thus, S 2 ^h'illhui has a. minute, spirally convoluted, undivided 
tube, resembling that of* Cornuspira, but having its wall somewhat 
coarsely perforated by nuniei*ous apertures for the (‘mission of pseudo- 
})odia. The ‘ inonothalamous ’ forms of this giowth mostly belong to 
the family Layeo ida^ v hich also contains a series of ti ansition forms 
leading u]) gradational ly to the ‘ polythalamous ’ nautiloid type. In 
Jjujena (Mate XIX, figs. 12, 1.3, 14, 15) the mouth is narrowed and 
piolonged into a tubular neck, giving to the shell tlie form of a niicro- 
sc()])ic flask ; this neck terminates in an everted lip, which is marked 
with radiating furrows. A mouth of this kind is a, distiiadive 
character of }i large grou]) of many-chambered shells, of which each 
single chamber bears a nn^re or less close resemblance to the simple 
l^igena, and of which, like it, the external surfi\ce generally presents 
some kind of oinanientation, which may have the form either of 
longitudinal ribs oi* of pointed tubercles. Thus the shell of Nodo~ 
sarla (Plate XiX, fig. ifi) is (jbviously made Tip of a succession 
of lageniform chambers, the neck of each being i-eceived into the 
(;avity of that which succeeds it; whilst in Cristellaria (fig. 17) 
we have a similar succession -of chambers, })resenting the characteristic 
radiate apertui'e, and often longitudinally ribbed, disposed in a 
nautiloid spiral. Between Nodosaria and Cristellaria^ moreover, 
there is such a gradational series of connecting forms as shows that 
no essential difference exists between these two types, and it is a fiict 
of no little interest that some of the simpler of these varietal forms, 

3 G 2 
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of wliicli inniiy are to 1)(‘ met. witli (»!i om* own si lores, Imt which are 
move jihuiulaiit on thost^ of'tlio Mo(lit(*rr:ni(‘:m and especially of the 
Adriatic, can be traced back\Nav<ls in yeolooical time at least as far 
as file Peiniian epoch. In another yiMins, Pol ifinorphlna^ we find 
tlie shell to be made np of lageniformchambias arranged in a double 
series, alternating with each other on the two or more sides of a 
rectilinear axis ; Ikm-c, again, the forms of the indivhhial chainbers, 
and the imule in which they are set one upon another, vary in such 
a manner as to give rise to very marked differences in the genei*al 
configuration of the shell, which are indicated by the name it bears. 

Globigerinida. — lleturning onci* again to the simple ^ monothala- 
mous’ condition, we have in a minute spherical shell that 

presents itself in greater or less ahimdance in deep-sea dredgings, 
from ;dniost every region of tlie world — a globular rhanilHa* with 
porous wjdls, but destitut e of any gemn-al aperture', the otllct' of which 
is si'rvi'd bv a series of larger ])or('s scattm-i'd tliroughout the wall of 
the sjihere. It has been maintaiiuMl by .some that (h'hidina is really 
a detached generative segment of Glohigerina, with which it is 
generally found associated. Tlie shell of Globigerina consists of an 
assemblage of m'arly spherical chambers (fig. 619), having coarsely 



Fio. (519. — Glob/f/f‘ri iKf hidloidrs as seen in tliree i308itionB. 


])orous walls, and cohering cxloinally into a more or less I'egular 
turbinoid spii-('. each l ui n of which consists of four chambers pro- 
gre.ssively incicasing in size. Tliese chambers, whose total number 
seldom excc(‘<ls sixteen, may not communicate directly with each 
other, but open se[)aratc!y into a common ‘ vestibule ’ which occupies 
the centre of the umlei- side of the spire. This type has attracted 
great attention, from ( he <‘xtra ordinary abundance in which it occurs 
at gi‘ca( (lc|)( lis (>\ er hu ge areas of tin* ocean bottom. Thus its minute 
shells have been found fo const itutt* no le.ss than 97 ])er cent, of 
the ‘ooze’ brought uj) from d<‘j»ths of from 1,260 to 2,000 fathoms 
in the middle of the northern parts of the Atlantic Ocean. The 
youngm* sliells, consisting of from eight to twelve chambers, are 
thin and smooth, but the old<*i- sliells art* tliiclo'r, their surface is 
raised into ridges tliat form an hiexagonal areolatioii round the pores 
(tig. t)2<)); and this tliickening is .shown by examination of thin 
.sections of the shell to he [produced by an exogenous deposit around 
the original chamber wall (corresponding with the ‘intermediate 
skoh'ton of t hr inoi‘(‘ complex typ<‘s), whicii sometimes contains 
littl<‘ Hash shaped ca\'iti<‘s fdled with sarcodi* -as was fir.st pointed 
out by the lab* I )i-. W'allich. But the sweeping of the upper waters 
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of 1li(‘ ()(■(': m l)y tlie ‘ tow net,’ which was systematically carried on 
during the voyage of the ‘Challenger,’ brouglit into prominence the 
fact that these waters in all hut the coldest, st'as are inhabited by 
ftoatiny Glohigerinai^ whose shells are beset with multitudes of de- 
licate calcareous spines, which extend themselves radially from the 
angles at which the ridges meet to a, length equal to four or five 
times the diameter of the shell (fig. 02 1). Among the bases of these 
spines the sarcodic substance of the body exudes through tlie port's 
of the shell, forming a flocculent fringe around it ; and this extends 


Fig. 620 . — Glohigerina conglobata (Brady) : a, 5, c, bottom specimens ; 

(I, section of shell. 

itself on eacli of the spines, creeping up one side to its extremity, 
ami passing down the other with the peculiar flowing movement 
already described. The whole of this sarcodic extension is at on('(' 
retracted if the cell which holds the Glohigerina recei\ t‘s a sudden 
shock, or a dro]) of any irritating fluid is a<l<led to the water it con- 
tains. It w as maintained by Sir W\ wille ’riioiiison that the bottom 
deposit is foianed by the continual ‘ raining down’ of the Globigerime 
of tlu' u])[it‘r waters, which (he affirmed) oidy live at or near the sur- 
fiice, ami w liich, wlien they die, lose their spines and subside. The 
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Author, however, from his own examination of the Globigerina ooze, 
is of opinion that the shells forming its surface-layer must live on the 
bottom, being incapable of floating in consequence of their weight ; 
and that if they have passed the earlier part of their lives in the 
upper waters they drop down as soon as the calcareous deposit con- 
tinually exuding from the body of each animal, instead of being em- 
ployed in the formation of new chambers, is applied to the thicken- 
ing of those previously formed. That many types of Foraminifera 

pass their whole lives at 
depths of at least 2,000 
fathoms is proved, in regard 
to those forming calcareous 
shells, by their attachment 
to stones, coials, ifec. ; and 
ill the case of the ai'ena- 
ceous types by the fiict that 
they can only procure on the 
bottom the sand of which 
their ‘ tests ’ ar(‘. made up. 

A very remarkable type* 
has recently been discovered 
adherent to shells and corals 
brought from tro[)ical seas, 
to which the name Carpen- 
ter la has been given. This 
may lie regarded as a highly 
developed form of Clobi- 
gerina, its first foi ined por- 
tion having all the essential 
characters of tliat genus. 
It grows attached by the 
apex of its spire, and its later chambers increase rapidly in size, 
and are piled on the earlier in such a manner as to form a depressed 
cone with an irregular spi’eading base. The essential chai-acter of 
Globigerina — the separate orifice of each of its chambers — is here re- 
tained with a curious modification ; for the centi*al vestibule into 
which they all open foiins a sort of vent whose oiafice is at the apex 
of the cone, and is sometimes prolonged into a tube that proceeds 
from it ; and the external wall of this cone is so marked out by 
septal bands that it comes to bear a strong resemblance to a minute 
BcUanus (acorn -shell), for which this type was at first mistaken. The 
principal chambers are pai tly divided into chamberlets by incomplete 
partitions, as we shall find them to be in Eozoon. The presence of 
sponge-spicules in laige quantity in the chainbers of many of the 
best preserved examples of this type was for some time a source of 
perplexity ; but this was explained V)y the late Professor Max 
8chultze,^ who showed how the pseudopodia of this rhizopod have 
the habit, like those oiHaliphysema, of taking into themselves sponge- 
spicules, which they draw into the chambers, so that they become 
incorporated with the saicode-body. It should be added that Pro- 
I Archiv f. Naturgesch, xxix, 1868 , p. 81 . 



Fig. 621 . — Globigerina, as captured by tow-net 
floating at or near surface. 
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fessor Scliultze, with whom Mr. H. J. Carter, 1 Mr. H. B. Brady , 2 and 
Dr. Goes^ are in agreement, regard Carpenteria as allied to Polytrema. 
Some interesting observations have been made by Professor Mobius ^ 
on a large branching and spreading form of Carpenteria which he 
recently met with on a reef near Mauritius, and to which he has given 
the name of G. rhaphidodendron. 

A less aberrant modification of the Globigerine type, however, is 
presented in the two grejit series which may be designated (after the 
leading forms of each) as the Textnlarian and the Rotalian. For, 
notwithstanding the marked difference in their respective plans of 
growth, the characters of the individual chambers are the same, 
their walls being coarsely porous, and their apertures being oval, 
semi -oval, or crescent -shaped, sometimes merely fissured. In Texta- 
laria (Plate XVIII, fig. <)) the chambers are arranged biserially 
along a straiglit axis, the position of those on the two sides of it being 
alternate, and eax;h chamber opening into those above and below it 
on the opposite side by a narrow fissure, as is well shown in such 

A B 



Fio, 622.— Internal ftilicious castn representing the forms of the segments of 
the animals of, A, Textulana\ B, liotalui. 

‘ internal casts ’ (fig. 022, A) as exhibit the forms and connections of 
the segments of sai*code by which the chambers were occupied during 
life. In the genus Hulim ina the chambers are so arranged as to form 
a. spire like that of a Bulimus, and the aperture is a curved fissure 
whose direction is nearly transverse to that of the fissure of Textu- 
laria ; but in this, as in the preceding type, there is an extraordinary 
variety in the disposition of the chambers. In both, moreover, the 
shell is often covered by a sandy incrustation, so that its perforations 
are completely hidden, and can only be made visible b>" the removal of 
the adherent crust. And so many cases are now known in which 
the shell of TexUdarhvice is entirely replaced by a sandy test, that 
some systematists prefer to range this group among the Arenacea, 

In the Rotalian series the chambers are disposed in a turbinoid 
spire, opening one into another by an aperture situated on the lower 

1 Annals and Mag. Nat. Hist. ser. iv. vols. xvii. xix. xx. 

2 ‘ Challenger’ Bejmrt. 

^ K. Svens fca Vet. Handlingai'^ xix. No. 4, p. 94. 

4 See his Foraniinifera von MauHtiuSj 1880, plates v. vi. 
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and inner side of the spire, as shown in Plate XIX, fig. 22, the forms 
and connections of the segments of their sarcode-bodies being shown 
in such ‘ internal casts ’ as are represented in fig. 622 , B. One of the 
lowest and simplest forms of this type is that very common one now 
distinguished as Discorhina. The early form of Planorhulina is a 
Rotaline spire, very much resembling that of Discorhina ; but this 
afterwards gives place to a cyclical plan of growth, and in those 
most developed forms of this type which occur in warmer seas the 
earlier chambers are completely overgrown by the latter, which ai e 
often piled up in an irregular ‘ acei-vuline ’ manner, spreading over 
the surfiices of shells or clustering round the stems of zoophytes. 

In the genus Tinoporm there is a 
more regular gi*owth of this kind, the 
chambers being piled successively on 
the two sides of the original median 
plane, and those of adjacent piles com- 
municating with each other obliquely 
(like those of Textularia) by large 
apertures, whilst tlu‘y communicate 
with those directly above and below 
by the ordinary pores of the shell. 
The simple or smooth varieties of this 
genus forming the sub-genus Gi/psh^f 
present great diversities of shape, with 
Fig. 623.—Tin02J0n(8 harulatns. great constancy in their internal struc- 
ture, being sometimes spherical, some- 
times resembling a minute sugar-loaf, and sometimes being irregu- 
larly flattened out. The typical form (tig. 62 d), in wliich the walls 
of the piles are thickened at their meeting angles into solid columns 
that appeal* on the surface as tubercles, and are sometimes pi*o- 
longed into spinous outgrowths that i*adiate from the central mass, 
is of vei-y common occurrence in shore-sands and shallow-water 
di'edgings on some parts of the Australian coasts and among the 
Polynesian islands. To the simple foim of this genus we are 
probably to refer many of the fossils of the Cretaceous and 
early Tertiary period that have been described under the name 
Orbitolina, some of which attain a very large size. Globular Orhito- 
lince^ which appear to have been artificially peifoi*ated and strung 
as beads, are not uiifrequently found dissociated with the ‘ flint-imple- 
ments ’ of gi*avel-beds. Another vei*y curious modification of the 
Rotaline type is presented by Polytrema, which so much resembles 
a zoophyte as to have been taken for a minute millepore, but which 
is made up of an aggregation of ‘ Globigerine ’ chambers communi- 
cating with each other like those of Tinoporiis, and differs from that 
genus primarily in its erect and usually bl anching manner of growth 
and the freer communication between its chambers. This, again, is 
of special interest in relation to Eozoon^ showing that an indefinite 
zoophytic mode of growth is perfectly compatible with truly fora- 
miniferal structure. 

In Rotalia, properly so called, we find a marked advance towards 
the highest type of foi-aminiferal structure, the partitions that 
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divide the chambers being in the best developed examples composed 
of two lamin®, and spaces being left between them which give 
pas.^ge to a system of cixnals whose general distribution is shown 
m fig. 624. The proper walls of the chambers, moreover, are 
thickened by an extraneous deposit or ‘ intermediate skeleton,’ which 
sometimes forms radiating outgrowths. This peculiarity of conforma- 
tion, however, is ciirried much further in tlie genus Calcarina, which 
has been so (le.signated 
fi'oiii its resemblance to a 
spur -rowel (fig. 629). The 
solid club-shaped append- 
ages with which this shell 
is provided entirely be- 
long to the ‘ intermediate 
skeleton ’ which is quite 
independent of the cham- 
bered structure a ; and this 
is nourished by a set of 
canals containing prolonga- 
tions of the s{ii*code-body 
which not oidy fuirow the 
surface of these a ppendagths, 
but are seen to traverse 
theur interior when this is 
laid o[)en by section, as 
shown at C. In no other 021. -Section of near 



recent foraminifer does the 
‘canal system ’ attain a, like 
development ; and its dis- 


its bas(* and parallel to it, sliowing, f/, < 7 , the 
radiating intevseptal canals ; 6, their internal 
bifurcations ; c, a transverse branch ; f7, tubulated 
wall of the chambers. 


tribution in this minute 


sh(‘ll, which has been made out by careful microscojiic study, affords 
a valuable clue to its meaning in the gigantic fossil organism 
Eozoon canadense. The resemblance which Calcar tva bears to the 


i-adiate foj’ms of Tinoporas (fig. 62M), .which aie often found with 
them in the same dredgings, is fre(piently extremely striking ; and 
in their early growth the two can scarcely be distinguished, since 
both (gnnmence in a ‘ Rotaline ’ spire with i*a.diating ajipendages ; 
but whilst the succe.ssive chanibei*s of Calcariva continue to be 


added on the siime plane, those of Tinoporas are heaped up in less 
regulai* piles. 

Certain beds of Carboniferous limestone in Russia, are entirely 
made up, like the more modern Nummulitic limestone, of an aggi*e- 
gation of the remains of a peculiar type of Foi'aminifeiu, to which 
the name Fasulina (indicative of its fusiform or spindle-like sliape) 
has been given (fig. 625). In general aspect and plan of growth it 
so much resembles Alveolina that its relationship to that type would 
scarcely be questioned by the superficial observer. But when its 
mouth is examined it is found to consist of a single slit in the 
middle of the lip ; and the interior, instead of V)eing minutely 
divided into chamberlets, is found to consist of a legular series of 
simple chambers ; while from each of these proceeds a pair of 
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eloiij^ntrd cxti'iisioiis. wliich coi n'spond to the ‘alar j)r()l()ngations ’ 
ofothai- spirally iiiowiiig Porainiiiifei-a, hut whieli, iiisti'ad ol‘ wrapping 
round the pi tHHMling whorls, are prolonged in the direction of the 
axis of the spirt', those of each whorl projeeting beyond those of the 
precM'diii^, so (hat the shell is elongated witli every increase in its 
dianiott'r. ddnis it appears that in its general plan of growth 
FtisHlimt hoars auioh tlu' same relation to a symmetrical Rotaline or 
Numimdiiu' slu'll that Alveolina bears to Orhiculina] and this view 
of its atliiiit h's is fully confirmed by the Author’s microscopic exami- 
nation of the striK'iiire of its shell. For although the Fusulina 
limestone of Russia has undergone a degree of metamorphism, 
which so fill* obscures the tubulation of its component shells as to 
prevent him from confidently affirming it, yet the appearances he 
could distinguish were decidedly in its favour. And having since 
rec(dved from Di*. 0. A. White specimens from the Upper Coal 
Measures of Iowa, U.S.A., which are in a much more perfect state of 



Fig. 625. — Section of Fusulitia limestone. 


preservation, he is able to state with certainty, not only that Fusulina 
is tubular, but that its tubulation is of the large coarse nature that 
marks its affinity rather to the Rotaline than to the Nnmmuline 
series. This type is of p(*euliar interest as having long been regarded 
as the oldest form of Foraminifera which was known to have occurred 
in sufficient abundance to foian rocks by the aggregation of its in- 
dividuals. It will be presently .shown, however, that in point both 
of aiiticpiity and of importance it is far surpassed by another. 

NummulinidaB. — All the most, <‘la})orately constructed, and the 
greater part of the largest, of the ' vitreous ’ Foraminifera belong to 
the gi-oup of which the well-known Nummulite may be taken as the 
repre.sentative. Various plans of growth prevail in the family; 
but its di.stinguishing charactei*s consist in the completein'ss of the 
wall that sui/rounds eneh segimait of th«' body (the septa lieilig 
gerK'rally double iust(‘ad of single), the density and fine poro.sity of 
the shelf sul)st?iMe(*, and the presence of an ‘ interuH'diate skeleton,’ 
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with a ' canal systein ’ for its nutrition. It is true that these cha- 
I'jicters are Jilso exhibited in the highest of the Rotaline series, whilst 
they are deficient in the genus Amphisteijina, which connecrts the 
Nummuline series with the Rotaline ; hut tlie occurrence of such 
modifications in their border forms is common to other truly natural 
groups. ^Yith the exception of A'niphisteyina, all the genera of this 
family are symmetrical in form, tlie spire being nautiloid in such 
as follow that plan of growth, wliilst in those which follow the 
cyclical plan there is a constant equality on the two sides of the 
median plane ; but in AmpMsteyina there is a reversion to the 
Rotalian type in the turbinoid form of its spire, as in the cliaracters 
already specified, although its general conformity to the Nummuline 
type is sucli as to leave no reasonable doubt as to its title to be 
placed in this family. Notwithstanding the want of symmetry of 
its spire, it accords with Operadina and Xainmnlites in having its 
chambers extended by ‘ alar prolongations ’ over each surfiice of 
the previous whorl ; but on the under side these pi*olongations are 
almost entirely cut off from tlu^ principal chain hers, and are so dis- 
placed as apparently to alternate with them in position, so that M. 
d’Orbigny, supposing them to constitute a distinct series of chambers, 
described its plan of growth as a hiserial spire, and made this the 
character of a sc'parate order. ^ 

The existing iVunimfdinidfr are almost entire^ly restricted to 
tropical climates ; but a. beautiful little form, Vohjstomella crispa^ 
the representative of a genus that presents the most i*egular and 
complete developiiumt of the ‘canal syst(‘m ’ anywhere to be 
met with, is common on our own coasts. The peculiar surface- 
marking shown in the figures consists in a, strongly marked 
ridge-and-furrow plication of the shelly wall of ejwh segment along 
its posterior margin, the furrows being sonietinu‘s so deep as to 
resemble fissures opening into tlie cavity of the chamber beneath. 
No such openings, how(‘ver, exist, the only communication whicli 
the sarcode-body of any segment has witli the exterior being 
either through the fine tuhuli of its shelly walls or through the 
row of pores that are seen in fi’ont view along the inner maigiii 
of the septal })lane, collectively rei)resenting a fissured aperture 
divided by minute bridges of shell. The meaning of the plication of 
the shelly wall comes to be understood when we examine the con- 
formation of the segments of the sarcode-body, which may be seen 
in the common Polystomella ertspa by dissolving away the shell of 
fresh specimens by the action ot dilute acid, but which may be better 
studied in such internal casts (fig. 62()) of the sarcode-body and 
canal system of the large P. cvciticidutci of the Australian coast as 
may sometimes be obtained by the same means from dead shells 
which have undergone infiltration with ferruginous silicates.^ Here 

I For an account of this curious modification of the Nummuline plan of growth, 
the real nature of which was first elucidated by Messrs. Parker and Rupert Jones, 
see the Author’s Introduction to the Study of the Foraminifera (published by the 

Ray Socm^y). Ehreiiberg that the existence of such ‘ casts ’ in the Green- 

sands of various geological periods (from the Silurian to the lertiary) was first 
pointed out, in his memoir ‘tjeber den Griiiisand und seine hirlauterung des 
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we see that the so^nieiits of llu' snrcodc' hody .‘iri* smootli nloiig theii* 
anterior edge />h hu\ that along their posterior edge, ((, they are 
proloiig(Ml l»;u*k\\ards into a s(‘t of'ridral j)roe(‘sses ; ’ an<l tliest* pro- 
cesses lit ‘ under tli(‘ ri<lg(‘s ol‘ tlu' shell, whilst the slielly wall dips 
down into tlu' spaci's Ix'twtMMi iIhmu, so as to form tlie furrows seen 
on tli(‘ snrfaee. Flu' eounectioiis of tlu^ segments by stolons, c, 
passing tlnongh 1 he pores at the iiiiua- niargin of each septum, are 
also adniii-ahly displayed in such ‘casts.' I>nt what they serve most 
heantifidly to dmnonstrate is the canal systian, of which the <listri- 
bntion is hen* most remarh;d)ly c()m[>lete ami synmu'trieal. At d, 
f/h ar(* s(‘en thri'i* turns of a spiral canal which passes along one 
end of all tla* s(*gnu‘nts of the like number of convolutions, whilst a 
corresponding camd is found on the side which in the figure is under- 
most ; these two sj)iros art* c(mnected by a set of meridional canals, 
which pass down between the two layers of the septa that 



Fig. 026. -Inteiiial cast of FobystomeUa craticulata: a, retral processt's 
proceeding from the posterior margin of one of the segments ; h, !t \ smooth 
anterior margin of the same segment; r, ch stolons connecting successive 
segments, and uniting themselves with the diverging branches of the meri- 
dional canals; d, dh d^, three turns of one of the spiral canals ; c, e-, 
three of the meridional canals; /, /h/-, their diverging branches. 

divide tlie segments ; whilst from each of these there passes olf 
towards the surface a s(*t of pairs of divei-ging branches, /' /b /-, which 
open upon the surface along tin* t wo sides of (‘aeh septal liaiid, the 
external openings of those on its anterior margin being in the fur- 
rows between the retral pi<)ee.s.ses of the next segment. These canals 
Mppt^ar to be oc^cupied in the li\ ing state by prolongations of the 
sarcode-body ; and the di\ ei-ging branches of those of each convolu- 
tion unite theinsel v(*s. w]u*n this is inclosed by aiiotlu'r convolution, 

organischeri Lebciis,’ in Ablian<lhi)iy(nt drr Ixiiniyl. Alcad. dcr WisscuHcltaftcii ^ 
Berlin, 1855. It was soon afterwards shown l>y tin- liite 1 h ofcssor Bailey ( Qua rt. Jourji . 
Microsc. Sci. vol. v. 1857, p. 83) that the like iiililtration occasionally takes place in 
recent Foraminifera, enabling similar ‘ casts ’ to be obtained from them by the solu- 
tion of their shells in dilute acid ; the Author, as w’ell as Messrs. Parker and Rupert 
Jones, soon afterwards o]>tained most beautiful and complete internal casts from 
recent Foraminifera, Invaight from various localities. A number of ( I reensaanls yield- 
ing similar casts were collected on the ‘ Challenger ’ Expedition, ilie most notable from 
the coast of Australia. 
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with the stolon processes eomiecti 11 Hk* suc*c(‘ssivc spo-niriits (»f th(‘ 
latter, as seen at c*. Thert' (*;m he little doubt that this reniarka))h‘ 
development of the canal sysi(*in has reference to the unusnal amount 
of shell-siibsla nc(‘ wliicli is deposited as an ^ iutcaanodiat <• skcvhdon ’ 
upon the layca- tJiat forms tlu^ ])ropei‘ walls of ih(‘ cham))ers, and 



Fig, 027. external surface and vertical and horizontal sections. 


which fills up with a solid ‘ boss’ what woidd otherwise be the de- 
pression at the umbilicus of the spire. The substance of this ‘ boss ’ 
is traversed by a set of straight ctinals, which pass dij octly from the 
spiral canal beneath, towards the external surface, where they open 
in little pits, as is shown in Pla.te XIX, 23 , the umbilical boss 
in P. crispa^ however, being much smaller in proportion than it 



Fig. (528. — Opcrcul iiia laid oix.mi to show its iiiUa-ual structure ; o, nuir^iunl 
cord seen in cross-section at ; h, />, external walls of the cliainlxM-s; 
c, c, cavities of the chambers; c', c', tlieir alar prolongations; r7, d, se|)|,ii; 
divided at d' d' and at d" so as to lav open the interseptal canals, the 
geiKM-al (Ustrihution of which is s('en in tin* s<'pta r, e; the lines radiatiuu; 
from r, r j)oint. to the secondary port's; //, //, non-tnl)ular columns. 

is in /\ craticulata. There is a, group of Foraminifci-u to which the 
term No/n’o/n/ia is properly applicable, tliat is prohahly to lx* con 
sidered as a snl) genus of Polf/stomella, txjrveeiu^ wit h it in its gcau'i al 
conformat ion, and {‘sj;(‘cia]ly in the distrihntion of its canal sxsitmi. 
imt, difiering in its a]»crtm-c. wliich is ]i(‘r(‘ a siiigh' fissure at t Ik' 
iiiiK'r edge of the scjdal plane, and in th(‘ al)s(Micc of the * la'tral 
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procossi's * of tlu' soivnu'uts of t]\o snvi'oilo-lxxly, tlio walls of 

the (*lKiiiil)ors Ix'iiiij- siuoot h. This foi iii ooiistitutes a i l ausit ion to 
the oi dinai v ^ unniiuline type, of AvJiieh roh/stomella Ls a more aber- 
rant modilicat ion. 

Tlie Ninmnnlinc' ty))(‘ is most charactcwistieally represented at the 
present time' In* tin* ijenns O/i/wv/Z/zno whieli is so intimately united 
to the trm* Xn m mHlitr by int (a nu'diat (‘ foi nis that it is not easy to 
separate the two, notwit iistandinii' that tlaar typieal examples ai*e 
widely dissimilar. Tlu‘ former lienns (tii;. tbiS) is refiresented on our 
own coast and in nortlun n seas by vei-y small and feeble forms, but 
it attains a much hii^lier development in the tropics, where its 
diameter sometimi's rc^acln^s one-fourth of an inch. The shell is a 
flattened nautiloid spire, the biavadth of whose earlier convolutions 
increases in a regular progr(‘ssion. but of which the last convolution 
(in full-grown specimens) usually that tarns itself out like that of 
Pemroplis, so as to be very much broaden- than tht‘ jereceding. The 
external walls of the chambers, arching over t he s])aces between the 
septa, are seam at h, I>: and th(‘S(‘ ai-<‘ bounded at the* outer edge of 



Cd Icii ri ml liii<l(.»pen to sliow its iutornal structiu'o : cliambered 

portion; b, interiiiediati' ski'litou ; t*, one of tlie radiating prolongations 
proceeding from it, with fxt* n»ions of the canal system. 

each conNolution by a peculiar l>and, a, termed the ‘marginal cord.’ 
T]\\s coi-d. i]ist(‘ad of being [)erforated by minute tubuli liki^ those 
which pass from tlie inner to the outer .surface of the chandxa-- walls 
without di\ ision or inosculation (fig. fi*>2), is ti-av(*rs(Ml by a svstem 
of comparatix ely larg<* inosculating passages siaai in cross-section at 
a', and these form part of the canal systi'in to be pi-cstmtly de- 
scribed. The priiicijal ca\iti<‘s of the chambm-s an- si-en at c, c ; 
while the ‘alar ])rolongat ions ’ of those ca\ ities ovi-r the surfiice of 
tlu^ j)r(‘ceding whoi l ai-e shown at c', c'. ddie chambers an- separated 
by tlie se])ta if. if. d, foi-nn-d of two lamime of shell, one belonging 
to each chainboi-. and lias ing spaces between them in which lie the 
‘ intrrsi'ptal canals/ whose gema-al distribution is seen in the septa 
niai-ked c. r. and whose smaller bianclies are S(*(ui in-i-gularly divided 
in the ^epta d' . whilst in the .septum d!' om- ol' t la- principal 
trunks is laid op*']! through its whole length. At tla- .ipproach of 
each septum to t h<- mai-giiial cord of the pn-ceding is sec-n the- 
narrow fi.ssui e which constitutes the ])rincipal aperture of communi- 



NUMMULITES 


831 

cation between the chambers ; in most of the septa, however, there 
are also some isolated pores (to which the lines point that radiate 
from e, e) varying both in number and position. Tlie intersepbil 
Ccinals of each septum take their depai*ture at its innei* exti'emity 
from a pair of spiral canals, of which one passes along each side of 
the marginal cord ; and they communicate at their outer extremity 
with the canal system of the ‘ marginal cord,’ as shown in fig. 634. 
The external walls of the chambers are composed of tlie same finely 
tubular shell -substance that forms them in the Nummulite ; but, as 
in that genus, not only care the septa themselves composed of vitreous 
non-tubular substance, but that which lies over them, continuing 
them to the surface of the shell, has the same character, showing 
itself externally in the foi*m sometimes of continuous ridges, some- 
times of rows of tubercles, which mark the position of the septa 
bene.ath. These non-tubuLar plates or columns ai‘e often traversed 
by branches of the canal system, as seen at (/, (j . »Similai* columns 
of non-tubular substance, of which the .‘.ummits show themselves as 
tubercles 011 the surface, are not unfrecpiently seen betwaam the 
septal bands, giving a vari<ation to the surface-marking which, t.aken 
in conjunction with vjiriations in general confoi'ination, might be 
fairly held sufficient to characterise distiiict species, w’ei*e it not that 
on a comparison of a great number of specimens these variations 
are found to be so gradational that no distinct line of demarcation 
can be drawn bcjtween the individuals which present them. 

The genus Nummulites^ though represented at the j)resent time 
by small and comparatively infrequent examples, was formerly de- 
veloped to a vast extent, the Nummulitic limestone, chiefly made uj) 
by the aggregation of its remains (the material of which the Pyramids 
are built), forming a band, often 1,800 miles in breadth and frequently 
of enormous thickness, that may be traced from the Atlant ic shores 
of Europe and Africa, through Western Asia to Northern India and 
China, and likewise over vast areas of North America (fig. 630). 
The diameter of a large proportion of fossil Nummulites ranges 
between half an inch and an inch ; but thei*e are some , whose 
diameter does not exceed I’^th of an incdi, whilst others attain the 
gigantic diameter of 4^ inches. Their typical form is thjit of a 
double-convex lens ; but sometimes it much more nearly ap[)roaches 
the globular shape, whilst in other cases it is very much flattened ; 
and great differences exist in this respect among individuals of what 
must be accounted one and the same species. Although thei’C art* 
some Nummulites w^hich closely appi-oximatt* Operculhim in their 
mode of growth, yet the tyq)ic*al forms of this genus present certain 
well-marked distinctive peculiarities. Each convolution is so com- 
pletely invested by that which succeeds it. and the external waW or 
spiral lamina of the new convolution is so completely seijai ated from 
that of the convolution it incloses by the ‘ alar prolongations ’ of its 
own chambers (the peculiar ariangement of which will be presently 
described), that the s[)ire is scarcely if at all visible on the external 
surface. It is brought into view, however, by splitting the Num- 
mulite through the median plane, which may often be accom- 
plished simply by striking it on one edge with a hammer, the opposite 
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(Hlge being placed on a firm support ; or, if tliis method should not 
succeed, by heating it in the fiame of a spirit lamp, and then throw- 
ing it into cold water nr striking it (algeways. Nummulites usually 
show many moii' turns, and a mon* gradual rate of increase in the 
iirt'adlh < >i‘ 1 lu' spirt', than horaininifera generally : this will be appa- 
rent from an t xaniinatiou of the vertical section shown in fig. 631, 
wliich is takt'n from one of the crmimonest and most chai*acteristic 



Fig. 630. — A, piece of Nunmnditic Urncstone from Pyrenees, 
showing Nummulites laid open by fracture through median 
plane ; B, Orhiioides. 


foasil examples of the genus, and which shows no fewer than ten convo- 
lutions in a fragment that does not nearly extend to the centre of the 
spircn 'Diis sta tion also show s the complete inclosure of the older 
convolutions by the newer, and the interposition of the alar prolonga- 
tions of the chambers lietween the successive layers of tlie spiral 
lamina. These prolongations are variously arranged in different 



Fig. 631. — Vertical section of portion of Niimmulites Icevigata ; a, margin 
of external whorl ; 6, one of the outer row of chambers ; c, c, whorl invested 
by a ; d, one of the chambers of the fourth whorl from the margin ; c, e\ 
marginal portions of the inclosed whorls ; /, investing portions of outer 
whorl ; g, g^ sxiaces left between the investing portion of successive whorls ; 
h, sections of the partitions dividing these. 

nxampli's of thcgmuis ; tlius in soiim, as Ak di.slffjf.s, tlm>' kci'p thcii- 
own si'j-aratc coinxy all tending radially towaids flu' (‘(‘litre; in 
oihei's, a- dk their partitions i nosen lat(* with each other, so 

as to d]vid(‘ the space intervening betwa'cn each laxor and tlie next 
into an irregular network, jin'senting in van-tieal siction the appear- 
ance shown in fig. 631 ; whilst in iVk yaraufieiisis they are broken 
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up iiiti) ;i iiiimli)er of chamberlefcs having little or no direct comrauni- 
cation with ench ot]u*i‘. 

Notwithstjiiuling that the inner chambers are thus so deeply 
buried in the mass of investing whorls, yet there is evidence that 



Fia. (532. — Portion of a thin section of NuuDiuilitcs lievigata taken in the 
direction of the preceding, highly magnified to show the minute structure 
of the shell : a, a, portions of the ordinary shelhsubstance traversed by 
parallel tubuli ; h, b, portions forming the marginal cord, traversed by 
diverging and larger tubuli; c, one of the chambers laid open; r7, rZ, <1, 
pillars of solid substance not perforated by tubuli. 


the segments of sarcode which they contained wei*e not cut off* fi*om 
communication with the exterior, but that they may have retained 
their vitality to the last. The shell itself is almost every- 
where minutely porous, being x>enetrated by parallel tubuli, whicli 
pass directly from one surface to the other. Theses tubes are shown, 
as divided lengthwise by a vertical section, in fig. ()32, a, a ; whilst 
the appearance they present when cut across in a horizontal sectioi} 
shown in fig. 633, the 



IS snown in fig. 
transparent shell substance 
a, a, a being closely dotted 
with minute punctations 
which mark their orifices. 

In that portion of the shell, 
however, which forms the 
margin of each whoil (fig. 

632, 6, />), the tubes are larger, 
and diverge from each other 
at greater inter \ a Is ; and it 
is shown by horizontal sections 
that they communicate freely 
with each other laterally, so 
as to form a network such as 
is seen at h, h, fig. 634. At 
certain other points, d, d, 
fig. 632, the shell su]>stance. 

is not nerfora ted hv tubes. l)ut i -n i* 1 

is (Ions,, in its l,.Nt,n.-,.. fi.rnnng solid pillars wlnoli s.-..,., 

t„st,,vn-ti;ontl,ooyu.r parts; an.l i._, ^ nmmulites whose sn, -taros 
hav I,.-, a, n,u.-h expos,., I to attrition, it commonly happens that the 
pillars oflh,. snp,.rfi,.ial layer, being harder than tp- or.hnarv .shell- 
snhstnn,.,.. an,l h,.ing ,-ons,.quently less worn down, ar,. l,dt as 


Fio. (>33. Portion of horizontal section ot 
Nu mm uUtrs showing tlie structure of tlie 
walls and of the septa of the chambers : 
o. e, e, jutriitii) oi I,1 h' \v;i,] 1 (•(i\(Ting ilut't' 
ehambers, llu* [niucttitioiis oi wliieli tiitt the 
orifices of tubuli; b, b ^eptn hetutMui tluv-t' 
chambers containing ctmttls wiiieli send out 
lateral branches, c, r, entering the (‘hainbers 
by larger orifices, ope of which is setm tit d. 
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pi oininences, the presence of which has often been accounted (but 
(u roneously) as a specific character. The successive chambers of the 
sjiine whorl communicate with each other by a passage left between 

the inner edge of the partition 



that separates them and the 
‘ marginal cord ’ of the pre- 
ceding whorl : this ]),»ss;ii;e is 
sometimes a single large broad 
apei'ture, but is more com- 
monly foiined by the more oi* 
less complete coalescence of 
sevei’al separate perforations, 
as is seen in fig. 631, There 
is also, as in Operealina^ a 
variable number of isolated 


pores in most of the septa, 
y forming a secondary means of 

/ communi(;ation between the 


Fig. 634, — Internal cast of two of the eliaiu- 
bers of Numundites sinain, witli the 
network of canals, in the marginal 
cord coinniunu atmg with canals passing 
between tin ( li.nnbors 


cliambers. The canal system 
of Xurninulites seems to be ar- 
i-anged upon essentially the 
same plan as that of Oper~ 
culina ; its passages, however, 


are usually more or less obscured by fossilising material. A careful 
examination will generally discloM* traces of them in the middle of 
the partitions that divide the chambers (fig. 633, ?>, h), while from 
these may be seen to pi*oceed the lateral branches (c, c), which, after 


burrowing (so to s[)eak) in the walls of the chambers, enter them 
by large orifices (rZ). These ‘ interseptal ^ canals, and their communi- 
Ciition with the inosculating system of passages excavated in the 



marginal cord, are extremely 
well seen in the ‘ intei*nal cast ’ 
represented in fig. 634. 

A very interesting modifi- 
cation of the Nummuline type 
is presented in the genus 
Heterosteyina (fig. 635), which 
bears a very strong r(\s(‘ml)lance 
to Orhiculhm in its plan of 
growth, whilst in every other 
re.spect it is essentially dif- 
ferent. If the principal cham- 
bers of an Operc/nlina weie 
divided into chamberlets by 
secondary [)artitions in a direc- 
tion tiansvmse to that of the 


¥ia.6?ih.~HeteroHtegxua. principal septa, it would be 


convei'ted into a Heterofiteyiiia, 


|iist as a Peiieroplis would be converted by the like suhdlv isioii into 
an Orhlctdina. Moreover, we see in Heterosteyhui^ as in Orhirnlhia^ 
a great tendency to the opening out of the spire with the advance of 
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age ; so that the apertural margin extends round a large part of the 
shell, which thus tends to hocome discoidal. And it is not a little 
curious th.-it we have in tliis series Miiother form, Cycloclypeiis, which 
bears exac^tly the same i-elation to Jleterosteyina that Orhitolites does 
to Orhicidina^ in being constructed upon the cyclical plan from the 
commencement, its chamlxubds being arranged in rings around a 
central chamber. This remarkable genus, at present only known in 
the recent condition by specamens dredged at considerable depths 
from the (‘.oast of Borneo and at one or two points in the Western 
Pacific, is perba])S the largest of existing Fc^raminifera, some speci- 
mens of its discs in the British Museum having a diameter of two 
and a cpxarter inches. Notwithstanding the difference of its plan 
of growth, it so precisely accords with 
the Nummuline type in eveiy cha- 
racter which essentially distinguishes 
the genus that there cannot be a 
doubt of the intimacy of their rela- 
tionshi}). It will be seen from the 
examination of that portion of the ^ 
figure whi(di sliows Oycloclypeus in 
vertical section that the solid layers 
of shell by w ldcli chaanbered por- 
tion is inclosed are so much thicker, 
and consist <.)f so many more lamelhe 
in tlie cential portion of the disc 
than they do nearer its edge, that 
new lamellje must be progressively 
added to the surfaces (ff the disc 
concurrently with the addition of new * 
rings of chamberlets to its margin. 

These lamellae, however, are closely 
applied one to the other without any 
intervening spaces ; and they are all fig . 636 .— Section of OrUioides 
traversed by columns of non-t\ibukr ™ 

substance, which spring irom tiie i^yer, and at 6, h, the median 
septaxl bands, and giudually increase layer, 
in diainetei- with their approach to 

the suvCu-e, from wbich they project in the centi-al portion of tl.e 

disc as glistening tubercles.^ ..tK vx iwi 

The Nummulitic limestone of certain IcK-alit ics (ns lie -o 
of Frnnee, Sontbern Oermany. Nortb Ka stern n.l.a 
vast abundanee of diseoidal bodies termed f ’ ' ^ 

wbieli are so similar to Nummulites as to bayi )< i 'I These 

l>iit which bear a mvitih closer resemblance to f/i-" J1 ' i „ 

are only known in the fossil state ; and ''j ■ 
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two different kiiid-^ ot structure nre usually seen in it, one bein^ 
composed of chamberU'ts of very definite form, quadrangular in some 
s^jecies, circular in othci s, anauitcd witli a general but not constant 
regularity in concentric circles (tigs. 636, 637, h ) ; the other, less 

a h 



Fio. 037. — Portions of the section of Orbitoules Forfisii, shown in fig. 636, 
more highly magnified : superficial layer; b, median layer. 

tiaiispariait, being formed of minuter cliamberlets which have no 
such constancy of form, but which might almost be taken for the 
pieces of a dissected ma[) a). In the upper and lower walls of 
these hist, minute punctations may be observed, which seem to be 



Fig. 638, -Vertical section of Orhitonh s Foiftsit, showing the large 
central chamber at and the median layer surrounding it, 
covered above and below by the superficial layers. 




i. 


the orifices of comu'cting tu)>es whereby they are perforated. The 
relations of tlie.M' two kind> of .structure to each otliei* are made 
evident by the examination of a vertical section (fig. 638), which 
shows that tlie portion h. figs. 636, 637, forms the median jdane, 
its concentric circles of chamberlets being arranged round a large 
centi*al chain] )er, a.> in < '/irlnclt/peas ; whilst the chamberlets of the 

portion a are irregu]ai l\ .sup(*r])osed one 
nj>on the other, so as to form several 
lay(u-s which are most numerous towards 
tlie centre of the disc, and thin away 
g!'a<lually towards its margin Tin* dis- 
position and c<)nn<*ct ions of tlie eliam- 
berlets of the nu'dian ]a\ ei* in ()rh]i()hh>s 
seem to correspond vei-y clostdy with 
those which have been a]read\ described 
as prevailing in CycloclyjieitH^ tlie most 
satisfactory indications to this effect 
being furnished by the silicious ‘ internal 
casts’ to lie met with in certain Green- 
s.ands. wiiicli aflbi-d a, model of the sar- 
cod(‘-body of tlie animal. In such a 
nd.M> the chamberlets of tliree successive 
zones, a, a', a", each of wiiich simmus noianally to communicate by 
one or two passages with the chambeilets oi' the zone internal and 
external to its own ; whilst ludaveen the chamberlets of the same 


/ 



Fig. 639. — Internal cast of por- 
tion of medmii {)],nu* of Oth/- 
toides Forfis//, 'allowing, al 
a a, a! a\ a", o", -.i' chambcis 
of each of tlncr /ones, with 
their mutual »•( mi inn locations ; 
and at h b, h' h\ h" h'\ jiortions 
of three annulai camiK 

fragment (fig. 639) we n 
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zone tliere seein.s to be no .lirect eonnection. They are brought into 
rektion, however, by means of annular canals, which seem to repre- 
sent the spiral canals of the Nummulite, and of which the ‘iutei n-d 
casts ’ are seen at h 6, h' h\ h" h", 

A most reiriMrkable fossil, referable to tlie foraminiferal type, 
WJIS (bscoveiTMl 1,1 strata much older tliaii the very earliLt 
tliat were previously known to contain organic remains ; and the 
determination of its real character may be regarded as one of 
the most interesting results of microscopic research. This fossil, 
which has received the name Eozdon caiiadense (fig. 640), is found 
in beds of Serpentine limestone that occur near the base of the 



Fig. 640. — Vertical aection of Eozdon c<(foi(h‘itse, nhowiiig alternation of 
calcareous (light) and serpentinous (dark) lamellte. 

Laurentian foiiiiation of Canada, Avhich has its parallel in Eui‘oj)e in 
the ‘ fundamental gneiss ’ of Bohemia and Havaria, and in llu' \ (n y 
earliest stratified rocks of Scandinavia and Scotland, din so IxhIs 
are found in many parts to contain massifs of considiaabh* size, but 
usually of indeterminate form, disposed after the maniu'r of an 
ancient coral reef, and consisting of alternating lavfa s— fn ipiently 
numbering from 50 to 100 — of «i.rbonate of lime and si rpent in(‘ 
(silicate of magnesia). The regularity of this alti'i nation aiul tla* 
fact that it prestaits its(df also between other calcaiT'oiis and silicions 
mimn’als having letl to a suspicion that it had its origin in organic 
structure, thin sections of well-preser\ ed sju^cinams were submitted 
to microscopic examination by the late Sir W. Dawson, of Montreal, 
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who at once recognised its foraminiferal nature,^ the Qalcareous 
layers presenting the characteristic appearances of true shelly so dis- 
posed as to form an irregularly chambered structure, and frequently 
traversed by systems of ramifying canals corresponding to those of 
Calcarirm ; whilst the setyentinoiis or other silicious layers were 
regarded by him as having been formed by the infiltration of sili- 
cates in solution into the cavities originally occupied by the sarcode- 
body of the animal — a process of whose occurrence at various geo- 
logical periods, and also at the present time, abundant evidence has 
already been adduced. Having himself taken up the investigation 
(at the insttince of Sir William Logan), the Author was not only able 
fx) confirm Dr. Dawson’s conclusions, but to adduce new and im- 
portant evidence in supjK)i*t of them. ^ Although this determination 
has been called in question, on the ground that some resemblance to 
the supposed organic structure of Eozdon is presented by bodies of 
purely mineral oi'igin,*^ yet, as it has been accepted not only by most 
of those whose knowledge of foraminiferal structure gives weight to 
their judgment (among whom the late Professor Max Schultze may 
be specially named), but also by geologists who have specially 
studied the micro-minei*alogical structure of the older Metamorphic 
rocks,' the Author feels justified in here describing Eozdon as 
he believes it to have existed when it originally exteiuh^d itself as 
an animal growth over vast ai eas of the sea-bottom in the Laurentiaii 
epoch. 

Whilst essentially belonging to the Nummuline group, in virtue 
of the fine tubulation of the shelly layei’s forming the ‘ propei* wall ’ 
of its chambers, Eozdon is l elated to various types of recent Foia- 
minifera in its othei* characters. For in its indeterminate zdophytic- 
mode of growth it agrees with Polyirema in the incomplete separa- 
tion of itschambei*s ; it has its pai-allel in Carpenteria ; whilst in the 
high development of its ‘ intermediate skeleton ’ and of the ‘ canal 
system ’ by which this is formed and nourished, it finds its nearest 
representative in Calcarina. Its calcareous layers were so super- 
posed one upon another as to include between them a succession 

1 This recognition was due, as Dr. Dawson has explicitly stated in his original 
memoir {Qiiart. Journ. of GeoJ. Soc. vol. xxi. p. 51), to his acquaintance, not merely 
with the Author’s previous researches on the minute structure of the Foraminifera, 
but with the special characters presented by thin sections of Calcarina which had 
been transmitted to him by the Author. Dr. Dawson has given an account of the 
geological and mineral ogical relations of Eo5r6ow,as well as of its organic structure,' in 
a small book entitled The Dawn of Life. 

^ For a fuller account of the results of the Author’s own study of Eozdon y and of the 
basis on which the above reconstruction is founded, see his papers in Quart. Journ. 
of Geol. Soc. vol. xxi. p. 59, and vol. xxii. p. 219, and in the Intellectual ObserveVy 
vol. vii. 1865, p. 278; and his ‘Further Researches ’ in Ann. of Nat. Hist. June 1874. 

5 See the memoirs of Professors King and Rowney m Quart. Journ. of Geol. Soc. 
vol. xxii. p. 185, and Ann. of Nat. Hist. May 1874. 

^ Among these the Author is permitted to mention Professor Geikie, of Edinburgh, 
who has thus studied the older rocks of Scotland, and Professor Bonney of London, who 
has made a like study of the Cornish and other Serpentines. By both these eminent 
authorities he is assured that they have met with no purely mineral structure in the 
least resembling Eozdon, either in its regular alternation of calcareous and seriien- 
tinous lamellae, or in the dendritic extensions of the latter into the former ; and while 
they accept as entirely satisfactory the doctrine of its organic origin maintained by 
the Author, they find themselves unable to conceive of any inorganic agency by which 
such a structure could have been produced. 
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„f ‘storeys’ of cWftflrs {%. 641, A', A', A'^ A^), the chambers 
of each storey usually opening one into another, as at a, a, like 
apartments m swtte, but being occasionally divided by complete septa, 
as at b, h. These septa are traversed by passages of communication 
between the chambers which they separate, resembling those wliicli, 
in existing types, are occupied by stolons connecting togctlici llic 
segments of the sarcode-body. Each layer of shell consists of two 
finely tubulated or ‘ Nummuline ’ lamellfe. B, B, which form the 
boundaries of the chambers beneath and above, serving (so to speak) 
as the ceiling of the former, and as the jlaor of the latter ; and of 
an intervening deposit of homogeneous shell -sukstance C, 6, which 
constitutes the ^inter- 

infiltration the tubu- 

iG oG rliGfinr.f Fio. 641. — Portion of the calcareouH shell of 
latiun IS as ^ CUSlinCTi canadense as it would appear if the serpentine 

as it IS even in recent that fills its chambers were dissolved away : A’, A 

N ummulilie shells (fio’. chambers of lower storey opening into each other 

hpoviTMT O Gintrn at rt, rt, but occasionally separated by a septum, 

040 oeaiinj, a singu chambers of upper storey; B, B, 

lar I'eseinblance in its proper walls of the chambers, formed of a finely 

occasional waviness to tubular or Nummuline substance; C, C, inter 

r. 4. 1 ij "1 mediate skeleton, occasionally traversed by large 

tliat 01 the Ciabs claw. stolon-passages, I), connecting the chambers of 

The thickness of this different storeys, and penetrated by the arbores- 
interposed layer varies systems of canals, E, E, E. 

considerably in differ- 
ent parts of the same mass, being in general gv(‘ates1 rn^ar its 
base and progressively diminishing tow’^ards its n))|(er surfac e. 






Fio. 641. — Portion of the calcareous shell of Eozdon 
canadense as it would appear if the serpentine 
that fills its chambers were dissolved away : A’, A^, 
chambers of lower storey opening into each other 
at rt, a, but occasionally separated by a septum, 
6 , h ; A^, A% chambers of upper storey ; B, B, 
proper walls of the chambers, formed of a finely 
tubular or Nummuline substance; C, C, inter 
mediate skeleton, occasionally traversed by large 
stolon-passages, I), connecting the chambers of 
different storeys, and penetrated by the arbores- 
cent systems of canals, E, E, E. 


ent parts of the same mass, being in general gia^atest, rn^ar its 
base and progressively diminishing tow’^ards its n))|(er surfac e. 
The ‘intermediate skeleton' is occasionally traAiased l)y large 
passage's ( D), wliich seem to estid)lis]i a coniiocf ion l»otw«Mm tlie 
suc(‘(*ssivt‘ layers of chambers ; and it is ]H‘n(‘trat(‘d by ai'borescent 
systc'ins of canals ( E, E), which arc oil cn distrilnited both so 
exteusivcl\ and so minutely throngh its sul)stanc(‘ as to leave 
very little of it without a, branch. Thcsi^ canals take thdr origin, 
not directly from llu‘ chand)ers, but trom ii-regulai- laciunr oi* 


as to lea\'e 


inters{)aces Ixdwt'i 
the ‘ inter m(‘<liat( 
sions of the sai-co 
been Ibi-nu'd by t 


j)asscd t hrougb t he t ubulated lanielke. 


lout a, branch. Thcsi^ canals take tlnar origin, 
the chambers, but trom irregular lacntut or 
t in' outside of the proper cliauilna* walls aaid 
sk(‘l(‘tou.' (‘xactly as in Calcarlna. the exten- 
body which occnijiied them having apparently 
coalescence of the ])S(‘udopodial tilaments that 
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In the fossilised condition in which Eozoon is most commonly 
found, not only the cavities of the chambers, but the canal systems 
to tluMv sin:\l](‘st ramifications are filled up by the silicious infiltra- 
tion w liic li lias taken the place of the original sarcode-body. as in the 
cases ali’cady citiMl, and thus when a piece of this fossil is sidijccted 
to the action of dilute acid, by which its cjilcjvreous portion is dis- 
solved away, we obtain an internal cast of its chambei’s and canal 
system (fig. 642), which, though altogether dissimilar in arrangement^ 
is essentially analogous in ^aracter to the ‘internal casts’ repre- 
sented in figs. 622, 626. This cjxst presents us, therefore, with a 
model in hard serpentine of the soft sarcode-body which originally 
<x*eupied the chamb(n-s. and extended itself into the ramifying canals, 
of the calcareous sladl ; and, like that of Polystomella^ it aftbrds an 
even more satisfactory elucidation of the relations of these parts 
than we could have gained from the study of the living organism. 



Fut. 642. — Decalcified portion of Kozilon rtUKah n^if slicll, showing' the ser- 
jientinous internal cast of the chamberH, canals, and tubuli of the original, 
]>resenting an exact model of the animal substance which originally filled 
them. 

We see that etvch of the layers of serpentine, forming the lower part 
of such a specimen, is made up of a number of coherent segments, 
which have only undergone a partial separation ; these appear to 
have extended themselves horizontally without any definite limit, 
but have here and there developed new segments in a vertical direc- 
tion, so as to give origin to new layers. In the spaces between these 
successive layers, which were originally occupied by the calcareous 
sludl, v e see the ‘ internal casts ’ of the branching canal system, 
which give us the exact models of the extensions of the sarcode-body 
that originally passed into them. But this is not all. In specimens 
in whicli I lie Nummuline layer constit uting the ‘proper wall ’ of the 
chaml^ei s w as originally well preserved, and in which the decalcifying 
process has been carefully managed (so as not, by too rapid an evolu- 
tion of carbonic acid gas, to disturb the arrangement of the serpen 
tinous lesiduum), tliat lay(‘r is represented by a thin white film 
covering the exj)osed surfaces of the segments ; the superficial aspect 
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of which, ay well as its sectional view, is shown in fig. 642. And 
when "this layer is examined with a sufficient inagnifyino’ power it is 
found to consist of extremely minute needle-like fibres of serpentine 
which sometimes stand upright, parallel, and almost in contact with 
each other, like the fibres of iisbestos (so that the film which they 
form has been termed the ‘ asbestiform layer but which are fre- 
quently grouped in converging brush-like bundles, so as to be very 
close to each other in certain spots at the surface of the film, whilst 
widely separated in others. Now these fibres, which are less than 
ToiTT^ ill diameter, are the ' internal casts ' of the tubuli 

of the Nummuline layei* (a precise paiallel to tliem being presented in 
the ‘ internal cayt ’ of a recent Am^Mstegina which was in the Author’s 
possession) ; and their arrangement presents all the varieties which 
have been mentioned as existing in the sliells of (ypevodim. Thus 



Fig. G43. — Vertical section of h portion of one of the ctikareous lamella' of 
Eozdoii caiiadense : a g, NumniDline layer perforated by parallel tubuli, 
which show a flexure along the line u’ a'; beneath tliis is seen the iiiter- 
Jiiediate skeleton, c, r, traversed by the large canals, b, b, and by oblique 
cleavage planes, which extend also into the Nummuline layer. 

tliese delicate and beautiful silicious fibres repi-eseiit those pseudo- 
podial threads of sarcode which originally ti*a versed the minutely 
tubular walls of tlie chambers ; and a precise model of the most 
ancient animal of which we have any knowledge, notwithstanding 
the extreme softness and tenuity of its substance, is thus presented 
to us with a completeness that is stiarcely even approached in any 
later fossil. 

In the upper part of the ‘ decalcified’ specimen sliown in fig. 642 
it is to be observed that the segments rtre confusedly heaped together 
instead of being regulaidy arranged in layeis, the lamellated mode 
of growth having given place to the (tcervidine. This change is by 
no means uncommon among Foraminifera, an irregular piling 
together of the chambei's being frequently met with in tlie later 
growth of types whose earlier increase takes place uj)on some much 
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more definite plan. After what fashion the earliest development of 
Eozoon took place, we have at present no knowledge whatever ; but 
in a young specimen which has been recently discovered it is obvious 
that each successive ‘ storey ^ of chambers was limited by the closing 
in of the shelly layer at its edges, so as to give to the entire fabric a 
definite form closely resembling that of a straightened Peneroplis. 
Thus it is obvious that the chief peculiarity of Eozoon lay in its 
capacity for indefinite extenmon^ so that the product of a single germ 
might attain a size comparable to that of a massive coial. Now this, 
it will be observed, is simply due to the fact that its increase by 
gemmation takes place co^itinuously, the new segments successively 
budded off remaining in connection with the original stock, instead 
of detaching themselves from it as in F'oiuminifera generally. Thus 
the little Glohigerbm forms a shell of which the number of chambers 
does not usually seem to increase beyond sixteen^ any additional 
segments detaching themselves so as to form separate shells ; but by 
the repetition of this multiplication the sea-bottom of large areas of 
the Atlantic Ocean at the present time has come to be covered with 
accumulations of Glohigerincr^ which, if fossilised, would form beds of 
limestone not less massive than those which have had thoii' origin in 
the growth of Eozoon, The diffei-ence between the two modes of 
increase may be compai*ed to the difterence between a herb and a 
tree. For in the herb the individual organism never attains any 
considerable size, its extension by gemmation being limited ; though 
the aggregation of individuals produced by the detachment of its buds 
(as in a potato-field) may give rise to a mass of vegetation as great 
as that formed in the largest tree by the continuous putting forth of 
new buds. 

It has been hitherto only in the Laurentian serpentine lime- 
stone of Canada that Eozoon has presented itself in such a state of 
preservation as fully to justify the jussumption of its organic nature. 
But from the greater or less resemblance which is presented to this 
by serpentine-limestones occurring in various localities among strata 
that seem the geological equivalents of the Canadian Laurentians, it 
seems a justifiable conclusion that this type was very generally dif- 
fused in the earlier ages of the earth’s history, and that it had a 
large (and probably the chief) share in the pi’oduction of the most 
ancient calcareous strata, separating carbonate of lime from its solu- 
tion in ocean water, in the same manner as do the polypes by whose 
growth coral reefs and islands are being upraised at the present time. 

An elaborate work, ‘ Der Bau des Eozoon Canadense’ (1878), 
has been recently published by Professor Mdbius, of Kiel, in which 
the structure of Eozoon is compared with that of various types of 
Foraminifera, and, as it differs from that of every one of them, is 
affirmed not to be organic at all, but purely mineral. Upon this the 
Author would remark, that if the validity of this mode of reasoning 
be admitted, any fossil whose structure does not correspond with that 
of some existing type is to be similarly rejected. Thus the Stroma- 
topora of Silurian and Devonian rocks, which some palaeontologists 
regard as a coral, others as polyzoary, others as a calcareous sponge, 
and others as a foraminifer, would not be a fossil at all, because it 
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differs from every known living form. Yet the suggestion that it is 
of mineral origin would be scouted as absurd by every paheontologist. 
Again it is urged by Professor Mbbius that as the supposed canal 
system of Eozbon has not the constancy and regularity of distribu- 
tion which it presents in existing Foraminifera, it must be accounted 
a, mineral infiltration. To this the Autlior would reply— (1) that 
a prolonged and careful study of this 'canal system/ in a great 
variety of modes, with an amount of material at his disposiil many 
times greater than Professor Mobius could command, has satisfied 
him that in well-preserved specimens the canal system, so far from 
being vague and indefinite, has a very regular plan of distribution ; 
(2) that this plan does not differ more from the arrangements 
characteristic of the several types of existing Foraniinifera than 
these differ from each other, its general conformity to them being 
such as to satisfy Professor Max 8chultz(' (one of the ablest students 
of the group) of its foraminiferal chai-actei* ; and (3) that not only 
docs the distribution of the canal system of Eozoon difiei* in certain 
(\ssential features from every form of mineral infiltration hitherto 
brought to light, but that canal systems in no respect differing from 
each other in distrihatlon are occnj)ied hy different minerals’^ a fact 
which seems conclusively to point to their pre- existence in the ciil- 
careous layei’s, and the subsequent peneti*ation of t hese minerals into 
the passages previously occupie<l by sarcode — ja’ecisely as has 
happened in those ' internal casts ’ of existing Foraminifera which 
Professor Mbbius altogether ignores. 

The ai'gument for the foraminiferal nature of Kozoon is essentially 
a cumulative, one, resting on a number of independent j>robabilitieSj 
no one of which, taken separately, has the cogency of a, proofs j^et 
the accordance of them all witli that hypothesis has an almost 
demonstrativ^e v^aliie, no other hypothesis ac(!ounting at once for the 
whole assemblage of facts. ^ 

Collection and Selection of Foraminifera. — Many of the Fora,- 
minifeiu attach themselv es in the living state to seaweeds, zoophytes, 
t'irc. ; and tiny should theiefore be carefully looked for on such 
bodies, especially when it is desired to obseiwe their internal organi- 
sation .and their habits of life. They .are ofttai to be collected in 

* The above account of Kozoon is allowed to stand as Dr. Carpenter’s name lias 
become so intimately connected with the view, now not commonly held, that the body 
has an animal origin. It may be noted that Prof J. W. Gregory, who has had an 
opportunity of examining the so-called Tudor specimen of Tjozoon, communicated 
to the Geological Society, on March 11, IHUl, a paper, of which the following is an 
abstract : — i , 

After careful examination of all the slides and figures, and after consideration of 
8ir W. Dawson’s interpretation, the autlior is absolutely unable to recognise in the 
specimen any trace of the ‘proper wall,’ ‘canals,’ or ‘stolon passages, which are 
claimed to occur in Eozbon, or any reasons for regarding the calcite bands as the 
‘intermediate skeleton’ of a foraminifer. There are points in Sir W. Dawsons 
figure which might pass as ‘ stolon passages,’ but they appear very dinerent in a 
photograph, and the specimen agrees with the latter. The author, however, gives 
reasons for concluding that the case against the organic origin of the Tudor specimen 
does not rest on negative evidence alone ; for, though the rock is ^ 

twin lamellae and cleavage- planes of the calcite are not bent ; and the fact that the 
crystalline bands cut across the bedding-planes further shows their secondary ongin. 
The rock in which the specimen was found is not ‘ Lower Laurentian, and is included 
by Messrs. Selwyii and Vennor in the Huronian. 
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much lai'ger numbers, however, from the sand or mud dredged up 
from the sea-bottom, or even from that taken from between the tide- 
marks. In a paper containing some valuable hints on this subject ^ 
Mr. Legg mentions that, in walking over the Small-mouth Sand, 
which is situated on the north side of Portland Bay, he obsei vecl 
the sand to be distinctly mai-ked with white ridges, many yards 
in length, running parallel with the edge of the water ; and upon 
examining portions of these, he found Foraminifera in considerable 
abundance. One of the most fertile sources of supply that our own 
coasts afford is the ooze of the oystei‘-beds, in which large numbers 
of living specimens will be fouml ; the variety of specific forms, how- 
ever, is usually not xery great. In sepai-ating these bodies from the 
particles of stind, mud, <fec., with which they are mixed, various 
methods may be adopted in oi'der to shorten the tedious labour of 
picking them out one by one under the simple microscope ; Jind the 
choice to be made among these will mainly depend upon the condi- 
tion of the Foraminifera, the imporbince (or otherwise) of obtaining 
them alive, and the nature of the substances with which the}' are 
mingled. Thus, if it be desired to obtain livimj specimens from the 
oyster-ooze for the examination of their soft parts, or for preservation 
in an aquarium, much time will be saved by Stirling the mud (which 
should be taken from the surface only of the deposit) in a jar with 
water, and then allowing it to stand for a few moments ; for the 
finer particles will remain diftused throtigh the liquid, while the 
coarser will subside ; and, as the Foraminifei'a (in the present case) 
will be among the heavier, they will be found at the bottom of th(‘ 
vessel with comparatively little extraneous matter, after this opera- 
tion has been repeated two or three times. It would always be well 
to examine the first deposit let fall by the water that has been 
poured away, as this may contain the smaller and lighter forms of 
Foraminifera. But supposing that it be only desmed to obtain the 
dead shells from a mass of sand brought uj:) by the diedge, a veiy 
different method should be adopted. The whole mass should be 
exposed for some hours to the heat of an oven, and be turned ovei* 
sevei*al times, until it is found to have been thoroughly dried 
throughout ; and then, after being allowed to cool, it should be 
stiried in a lai’ge vessel of water. The chambers of their shells 
being now occupied by air alone (for the bodies of such as were 
alive will have shrunk up almost to nothing), the Foraminifera will 
be the lightest portion of the mass ; and they will be found floating 
on the water, while the particles of saml (fee. subside. Another 
method, devised by Mr. Legg, consists in taking advantage of the 
relative sizes of different kinds of Foraminifera and of the substances 
that accompany them. This, which is especially applicable to the sand 
and rubbish obtainable fi*om sponges (which may be got in large quan- 
tity from the sponge-merchants), consists in sifting the whole aggre- 
gate through successive sieves of wire -gauze, commencing with one 
of ten wires to the inch, which will separate large extraneous particles, 
and proceeding to those of twenty, forty, seventy, and a hundred 
wires to the inch, each (especially that of seventy) retaining a much 
1 Trans, of Microsc. Soc. ser. ii. vol. ii. 1864, p, 19. 
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larger proportion of foraininifeml shells than of the accom}>anying 
particles ; so that, a large portion of the extraneous matter being thus 
got rid of, the final selection becomes compaiatively easy. Ceitain 
forms of Foraminiferaare found attached to shells, especially bivalves 
(such as the Chamld(v) with foliated surfmes ; and a careful exami- 
nation of those of tropical seas, when brought home ‘in the rough,’ 
is almost sure to yield most valuaVde results. The final selection of 
specimens for mounting should always be made undoi' some appropriate 
form of single microscope, a fine camel-hair pencil, with the point 
wetted between the lips, being the instrument which maybe most con- 
veniently and safely employed, even foi- tlie most delicate specimens. 
In mounting Foi*aminifera, as microscojnc fibjects the method to be 
adopted must entirely depend upon whether they are to Vie viewed 
by transmitted or Viy 7'e^flected light. In the former case they should 
be mounted in Canada balsam, the various [irecautions to prevent 
the retention of air-bubbles, which have been already described, being 


carefully observed. In the latter no jdan is so simple, easy, and 
effectual as attaching them with a little gum to wooden slides. 
They should be fixed in various positions, so as to present all 
the^lifferent aspects of the shell, particular care being taken 
that its mouth is clearly displayed ; a,n<l this may often be most 
readily managed by attaching the s[)ecimen sidewai/s to the wall of 
the circular depression of the sli<le. Or the specimens may be 
attached to discs fitted for being held in a, <lisc-holder ; wliilst for 
the examination of specimens in every variety of position Mr. R. 
Beck’s disc-holder will be found extremely convenient. Where, as 
will often happen, the several individuals differ considerafily fiom 
one another, special care should be taken to ari’ange them in series 
illustrative of tlieir range of variation and of the mutual connections 
of even the most diverse forms. For the display of the internal 
structure of Fora mini fera. it will often be necessary to make extremely 
thin sections, in the manner already described ; and much time will 
lie saved by attaching a number of specimens to the glass slide at 
once and by grinding them down together. For the preparation of 
sections, however, of the extreme thinness that is often reiiui red, 
those which have been thus reduced slmuld be transferred to 
separate slides and finished off each one by itself. 

^ For the collection and examination of fossil Forammifma, which 
are of great interest and importance, the following suggestioms will 
be of use; tliey are the result of the ripe experience of Mr. K 


Perhaps the foramiiiiferous clays are the most satisfactory foi 
those who desire to collect foraminifera. Ordinary clays ^ 

be slowly and tliorougbly dried, broken into small f 

cubic inch or so, and placed in a vessel of water 
After some little time the material will be found 
disintegrated The vessel should tlieii be shaken round, and aftei 

poui-eJ off. The '''“'“"‘j; ... lo ele*"* «>• 

If«..eh,8o„e 
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several times a fine sand with foraminiferal and other shells will be 
obtained. This can be then dried and sifted in the manner already 
described for the sands from modern deposits. To insure obtaining 
the minutest shells, the water which is poured off should be passed 
through a fine cambric or silken sieve. 

The following are some of the more pro<l active of the fossiliferous 
deposits : 

Weathered surfaces of carboniferoiis limestone and seams of clay 
in the joints of it. 

Clay from the lias formation. 

Gault clay especially from the upper zones. 

The softer beds of the upper chalk and especially the phosphatic 
chalk of Taplow, which washes down eiisily. 

Foraminifera may be fixed by gum arabic with three drops of 
glycerine added to the ounce, or with gum ti’agacanth, which has the 
advantage of drying with a dead surfime. 

SEcn’iON II. — Radiolaria. 

It has been shown that one series of forms belonging to th(‘ 
rhizopod type is characteiised by the radlatimj arrangement of their 
i-od-like pseudopodia ^ suggesting the designation Heliozoa 01 * ‘ sun- 
animalcules ; ^ and that even among those fresh -water forms that do 
not depart widely from the common Actinophrjjs there are some 
whose bodies are inclosed in a complete silicious skeleton. Now 
just as the reticularian type of rhizopod life culminates in the marine 
calcareous-shelled Foraminifera^ so does the heliozoic type seem to 
culminate in the marine Radiolaria ; which, living for the most 
part near the surface of the ocean, form silicious skeletons (often of 
marvellous symmetry and beauty) that fall to the bottom on the 
death of the animals that produced them, and may remain unchanged, 
like those of the diatoms, through unlimited periods of time. Some 
of these skeletons, mingled with those of diatoms, had been detected 
by Professor Ehreiiberg in the midst of various deposits of foramini- 
feral origin, such as the calcai-eous Tertiaries of Sicily and Greece, 
and of Oran in Africa; and he e.stablished for them the group of 
Poly(ypstina, to which he was able also to I’efer a beautiful series of 
forms making up nearly the whole of a silicious sandstone prevail- 
ing through an extensive district in the island of Barbadoes (fig. 644). 
Nothing, however, was known of the nature of the animals that 
formed them until they were discovered and studied in the living stat(* 
by Professor J. Miiller,^ who established the group of Radiolaria^ 
including therein, with the Polycystina of Ehienberg, the Acantho- 
metrina first recognised by himself, and the Thalassicolla which had 
been discovered by Professor Huxley. Not long afterwards appeared 
the magnificent and ‘ epoch-making ’ work of Professor Haeckel ; 

^ ‘Ueber die Thcdaaaicollen^ Polycystineii, and Acantliometren des Mittel- 
meeres,* in Ahhandluriyen der kOnigl. Akad, der Wisaensch. zu Berlin^ 1858, and 
separately published : also ‘ Ueber die ira Hafen von Messina beobachteten Poly- 
cyatinen^ in the Monataherichte of the Berlin Academy for 1855, pp. 671-676. 

* Die Badiolarien (Rhizoi)^a Radiaria), Berlin, 1862. This great work has 
lately been followed by a gigantic monograph published in the ‘ Challenger ’ Beporfa, 
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and since that time mucli hn.s addtMl ])y various ol)s(‘r\eis to 

our knowledge of this grou]), w Inch still ri'iiiaiiis, liowcoaa-, \t*ry 
imperfect. 

Eacli iii(li\ idiial radiolariaii consists of two portions of coloured 
or colourK'^s sarcode — oii(‘ portion nucleated and central, the other 
portion peripheral, an<l almost always containing certain yellow 
corpuscles. These two portions ai’e separated by a membrane called 
the capsulp ; but this is so porous as to allow of their free communi- 
cation with each other. The inner central ca])sule is also the special 



Fid 644. — Fossil Radiolaria from Barbadoes* o, Podocf/rfis viifrn \ b, 
Bhahdolithus srcptnun ; c,LychmH-anitun fah-^/rraw; 

tuhiilus; e.FhiHtH'Ua concentnca\ f.LiichnociUintin ' /b 

tidiiim eleyan^ ; h, Dictyos^yns Hath, ns; /, 

k SteplMUolithis spinescens; I, S. nodnsa ; w, Ldhoo/Hta oyllns, n, 
Ccphllohihis syJvina ; o, PodocyHis < othn, nata : Uhahdahl has p,pa 

organ of rcnroduction, for it is the iiitracapsnlar i.mloplasiu. with 
the nuclei imbedded in it, which ser\es for the Im inati.ai ef l.ii;ell.ite 
spores; the outer capsule has the special othee ol proteelmg and 
,,ro^ idnu; non, idnnent for the cell.' 'fhe i„ , a, hale ,n all 

direellon's (fm. hi')) fVom the deeper port ion nt I he e.M raeaysidai 
sareode; l.hey ha\e generally miieh per.sistencN ol dnv<-li.,n and \eiy 

which exl’eiKlB over 1,S«0 pages, an,l ,s .llusUated by 1 10 plates, la U are dcBC, .bed 
outbyW x'l" <ls.)„l.p -so ,a,0 I 
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little flexibility ; in some species (but not ordinarily) they branch 
and anastomose, while in others they are inclosed in hollow 
rods that form part of the silicioiis skeleton, and issue forth from 
the extremities of these. A flow of granules takes place among 
them ; and the mode in which they obtain food- particles (consisting ' 
of diatoms and other minute algie, marine infusoria, tSrc.), and draw 
them into the sarcode-bodies of the radiolarians, appears to corre- 
spond entirely with their action in Actinophrys and other Heliozoa. 
The yellow cells, or Z6o,rauthella\ as K. Brandt has proposed to 
Ciill them, so often seen in these cells, are not confined to Badiolaria, 

A B 



Pig. 645. — Polycystina: A, Halio)nma hjjsfrix ; B, FterocauiiDti, with animal. 

for they are found also in Actinia? and vaiious other invertebrates ; 
nor are they always present in examples studied ; they are now com- 
pletely l ecognised ^ as algfe which form a ‘ symbiotic ’ relation with 
their host, the animal profiting by the removal of its waste products 
by its messmate, by the oxygen which its guest evolves in sunlight, 
and by the food-material it provides after death, while the plant 
feeds on the waste of the animal. 

In most Eadiolaria skeletal structures are developed in the 
sarcode-body, either inside or outside the capsule, or in both positions ; 
sometimes in the form of investing networks having more or less of 
a spheroidal form (fig. 647, 1, 2 ), or of radiating spines, 3, or of 
combinations of these, 4, 5. But in many Ciises the skeleton consists 
only of a few scattered spicules ; and this is especially the case in 
certain large composite forms or ‘ colonies ’ (fig. 652), which may 

' See especially K. Brandt, Verlmndl. Physiol. GeselUch. Berlin, 1881-82, p. 22 ; 
Mitth. Zool. Stat. Neapel^ iv. p. 191 ; P. Geddes, Nature, xxv. p. 303, 
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consist of as many as a tliousand ziioids aggrej^a ted together in various 
forms, discoidal, cylindrical, spheroidal, chain-like, or even necklace- 
like. The ‘colonies ’ seem to he })roduced, like the multiple segments 
of the bodies of Foi*amiiiifei*a, ])y tlie non-sexual multiplication of a 
primordial ziJoid ; hut vvludher this multiplication takes place by 
fission, or by the budding off* of portions of the sarcode-body, has 
not yet been clearly made out. The emission of flagellated zoospores, 
provided with a very laige nuchuis, jind in some castjs with a rod- 
like crystal, has been obsei-ved in many rjuliolariaiis ; but of the mode 
in which they ai-e produced, and of their subsequent history, very 
little is at innsent known. Until the structure an<l life history of 
the animals of this very interesting type shall hav e been more fully 
elucidated, no satisfactory classification of them can l)e framed ; and 
nothing more will be here attempted than to indicate some of the 
principal forms under which the i*adiolarian type presents itself.^ 
Discida. — Among the 
beautiful silicious stiaic- 
tui'es which are met with 
in the radiolarian sand- 
stone of Barbadoes (fig. 
b44) there is none moj'(‘ 
interesting than tlie ske- 
leton of Astronin)(( (fig. 

648), in which we have a 
I'emarkable example of 
tlie raiuje of rariation that 
is compatible with con- 
formity to a general })lan 
of structure. As in other 
forms of Haeckel’s grou}) 
of Discida, there is in 
this skeleton a, combina- 
tion of radial and of cir- 
cumferential parts, the — Polycybtina: A, Podocijrtis tirhom- 

former consisting of solid burffkn; B, Jihojxdocaniam ornafnm, 

spoke-like rods, whilst the 

latter is comi)osed of a silicious network more or less completely 
filling up the spaces between the i*ays. The ivadial part of tlu' skele- 
ton predominates in the beautiful four-iuyed example represented at 
D, having the f(n*m of a cross with equal arms ; whilst in F and G it 
still shows itself very (M)nsi>icuously, thougli the spices between the 
rays are in great part filled up by the circumferential network. In the 
five-iayed specimens A and B, on the other hand, the radial portion 
is much less developed, while the circumferential becomes more dis- 
coidal. And in C and E, while the circumferential network forms a 
pentagonal disc, the radial portion is represented only by solid projec- 
tions at its angles. The transition between the extreme forms is 
found to be so gradual when a number of specimens are compared 
that no lines of speiafic distinction can be drawn betw een them ; and 

1 Confiiderable attention lias been given to the question of the classification of 
the Badiolaria by Haeckel and by R. Hertwig, Jenaische Denkschr. ii. 1879, p. 129. 

3 I 
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outwards, as in fla-locon;,^ ((ijr. 047, 5 ). Sometimes the central 
sphere is niolosi^d in two. ilucf, or even more concentric spheres 
eoaneeted liy radn, as in tiu* lu-autifiil Actinomma (%. G47, 2 ), re- 
minding us ot the woudca tul eoueeutric spheres carved in ivory by 



Fio. 648. — Varietal modifications of Astromnia. 


tlie Cliinese. One of the most common examples of this group is 
the llaliomma Hnwhohlfii (fig. 651), in which the shell is double. 

Folycystind.. This name, which originally included the preceding 
group, is now restricted to those which have the shell formed outside 



Fig. 649. — Fcru'Iihunijill fnn j>r,/ f i-.rt imi . Flo. 650. — Sfnhxhfd i/ii firarilis. 

the capsuh‘. This sludl may, as in tlu* |)receding, be a simple spla*i-e 
composed of an o[)(‘n silicioiis md. work, as in Ethinosplut ro (fig. (id?, i ) ; 
or it may consist of two or thrt‘e cojicentric spheres conuecti'd h\ 
radii ; or, again, it may put forth radial outgrowths, wdiich sometimes 

3j2 
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extend themselves to several times the diameter of the shell, and 
ramify more or less minutely, as in J rachnosphoira (fig. 647, 4). But 
more frequently the shell opens out at one pole into n foi-m moi*e or 
less bell-like, as in Podocyrtis (fig. 646, A, and fig. 644, o), Phopalo- 

caninm (fig. 646, B), and Pterocanium (fig 645, B) ; or it may 
be elongated into a somewhat cylindrical form, one pole remaining 
closed, while the other is more oi* less contracted, as in Eucyrtldima 
(fig. 644, d, g, /). The transition between these forms, again, proves 
to be as gmdational, when many specimens are compared,^ as it is 
among Foraminifera. 

Acanthometrilia. — In this group the animal is n()t inclosed within 
a shell, but is furnished with a very regular skeleton, composed 
of elongated spines, which radiate in all directions from a common 
centre (fig. 645, A). The soft sarco<le-body is spherical in form, and 
cxicupies the spaces left between the bases of those spines, which 
are sometimes partly inclosed (as in the species represented) by 
transverse projections. The ‘ capsule ' is pierced by the pseudo- 
podia, whose convergence may be traced from without inwards, 

afterwards passing thi'ough it ; and it 
is itself enveloped in a layer of less 
tenacious protoplasm, resembling that 
of which the pseudopodia are composed. 
One species, the Acaathormtra echuf- 
aides, which piesents itself to the naked 
eye as a crimson-red point, the dia,- 
metei* of the cential part of its body 
being about |,);>,yths of an inch, is very 
common on some parts of the coast of 
Norway, especially <luring the preva- 
lence of westei'ly winds ; and the 
Fkk Humboldfii. Author has himself met with it abun- 

dantly near Hhetlanu, in the floating 
brown masses termed madre by the fishermen (who believe them 
to furnish food to the herring), which consists mainly of this 
Acanthometm mingled with Entomostraca. 

Phseodaria. — Among the most important of the Padiolaria 
collected by the ‘Challenger’ are the comparatively large (as much as 
1 mm. in diameter) single-celled foians which are remai-kable for the 
constant presence of large dark brown gitinules, which are scattered 
irregularly round the central capsule and covei- the greater pai-t of 
its outer surfiice. The nucleus is large, the capsular membrane is 
always double, and is pierced by one or more laige openings ; the 
whole cell is imflosed in a thick gelatinous covering, and there is 
nearly always a well -developed extracapsular silicious skeleton, 
according to the structui-e of which the gi’oup is subdivided.^ 

Collozoa. — To this gioup belong those remarkable composite 
forms wdiich, exhibiting the chai’acteristic radiolarian type in their 

* The general plan of structure of the Polyeijstiiia, and the signification of their 
iimnenBe variety of forms, were ably discussed by Dr. Wallich in the Trans, of the 
Microsc. Soc. n.s. vol. xiii. 1865, p. 75. 

^ On reproduction in this group, cf. A. Borgert, Ziiol, Anzeig. xix. (1896), p. 807. 
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individual zdaids, are aggregated into masses in which the skeleton 
is represented only by scattered spicules, as in Sphmrozomn, (fig. 652) 
and TJtdlussicolla, Thcvse ^sea-jellies,’ which so abound in the seas of 
warm latitudes as to be among the commonest objects collected by 
the tow-net, are small gelatinous rounded bodies, of very variable 
size and shape, but usually either globular or discoidal. Externally 
they are invested by a layer of condensed siwcode, which sends forth 
pseudopodial extensions that commonly stand out like rays, but 
sometimes inosculate with each other so as to form a, network. To- 
wards the inner surface of this coat are scattered a great number of 
oval bodies resembling cells having a. tolerably distinct membraiiiform 
wall and a conspicuous round central nucleus. Each of tliese bodies 
appears to be without any (lii*ect connection with the rest, but it 
serves as a centre round which a number of minute ^^ellowisli-green 
v^esicles are disposed. 

Each of these groups is 
protected by a silicious 
skeleton, which some- 
times consists of separate 
spicules (as in fig. 652), 
but which may be a thin 
perforated sphere, like 
that of certain Poly- 
cystina, sometimes ex- 
tending itself into radial ^ 
prolongations. The in- \l'v 
ternal portion of each 
mass is composed of an 
aggregation of large 
vesicle-like bodies im- 
bedded in a softei* sar- 
codic substance.^ 

Fi’om the researches 
made during the ^Chal- Fk.. Gr)‘2 — Spheerozoum ovodimavc. 

lenger ’ Expedition, it 

appears that the Radiolarla are very widely diffused through the 
waters of the ocean, some forms ])eing more abundant in tropical 
and others in temperate seas ; and that they live not onlyat or near 
the surface, l>ut also at considerable depths. Their silicious skeletons 
accumulate in some localities (in which tlie calc;areous remains of 
Foraminifera are wanting) to such an extent as to form a ‘ radio- 
larian ooze ; ’ and it is obvious that the elevation of such a deposit 
into dry land would form a bed of silicious sandstone resembling the 
well-known Barbadoes rock, which is said to attain a thickness of 
1,100 feet, or a similar rock of yet greater thickness in the Nicobar 

^ See Professor Huxley (to whom we owe our first knowledge of these forms) in Ann. 
Nat. Hist. ser. ii. vol. viii. 1851, p. 433; also Professor Miiller,of Berlin, in Quart. Joum. 
Microsr. Sci. vol. iv. 185(5, p. 72, and in his treatise Ueher die ThnlassicoUen, Poly- 
rystinen, und Aeantlwmetren des Mittelmeeres, the magnificent work of Professor 
Ho^okel, Die Bndiolarien, and the monograph by K. Brandt, published in the Fauna 
and Flora des Golfes von Neapel, 1885, ‘Die koloniebildenden Radiolarien 
(Spheerozoeen) des Golfes von Neapel.’ 
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Islands. Few microscopic objects are more beautiful than an 
assemblage of the most remarkable foims of the Barbadian Poly- 
cystina (fig. 644), especially when seen brightly illuminated upon 
a black ground ; since (for the reason formerly explained) their 
solid forms then become much more appai ent than they are when 
these objects are examined by light transmitted through them. And 
when they ai'e mounted in Canada balsiim the black-ground illu- 
mination is much to be prefeired for the purpose of display, 
although minute details of structure can be better made out when 
they are viewed as transpai*ent objects with higher powers. Many 
of the more solid forms when exposed to a high temperature on a 
slip of platinum foil undergo a change in aspect which renders them 
peculiarly beautiful as opaque objects, tlieir glassy transparence 
giving place to an enamel-like opacity. They may then be mounted 
on a black ground and illuminated either with a side condenser oi* 
with the parabolic speculum. Xo class of object is more suitable 
than these to the binocidar micioscope, its stereoscopic projection 
causing them to be presented to the mind’s eye in complete relief, 
so as to bring out with the most marvcOlous and beautiful efiect all 
their delicate sculpture.' 

^ For a fuller description of the fossil forms of this j^roup see Professor Ehrenberg’s 
memoirs in the Monatshericlite of the Berlin Academy for 1846, 1847, and 1850 ; also 
his Microgeologie, 1854; and Ann. of Not. Hist. vol. xx. 1847. The best method of 
separating the Polycystina from the Barbadoes sandstone is described by Mr. Fur- 
long in the Quart. Journ. of Mirro.sr. Sri. n.s. vol. i. 1861, p. 64. 
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UHAFl'ER XV 

^irONGJiS AND ZOOPHYTDH 
1 . Spoxges 

We now leave the Protozoa and eoinmencethe study of the Metazoa. 
or those forms in which the egg-cell undergoes subdivision, the result- 
ing elements ot which do not sepai*ate or lead an indt'pendent 
existence, hut combine to form an organic whole, various parts 
undertaking various functions. Of these Metazoa the simplest ex- 
amples are to be found among Sponoes. The detei'uiination of the 
I’eal character of the animals of this class has been entirely efiectedby 
the microscopic; examination oftheir minute structure ; for until this 
came to be properly understood, not oidy was the general nature of 
these oi'ganisms entii‘ely misapprehended, but they were regarded 
by many natui'alists as having no certain claim to a place* in the 
animal kingdom. What that place is, is, to some extent, still an 
open question,^ but it may now l>e unhesitatingly affirmed that a 
sponge is an aggregate of pi'otozoic units oidy in the sense in wliich 
all Metazoa are c;omposed of cells ; some of these cells have a striking 
resemblance to the collai-ed Flmjellata (fig. 585), whilst otheivs i*e- 
semble Amaihce (fig. 577). These units are held togeth(*r by a con- 
tinuous connective-tissue-like substance which clothes tlie skeletal 
framework that represents oiu* usual idea of a sponge, and is itself 
made up of distinct cellular elements. In the simpler foiins of 
sponges, however, this framework is altogether absent ; in others it 
is rtq)resented only by calcareous or silicious ‘ spicules,’ which are 
dispersed through the sjircodic substance (fig. 654, B) ; in others, 
again, the skeleton is a keratose (horny) network, which may be 
entirely destitute (as in our ordinary sponge) of any minei*a,l support, 
but which is often strengthened by calcicreous or silicious spicules 
(fig. 654) ; whilst in what may be regarded as the highest types of 
the group, the silicious component of the skeleton increiises, and the 
kera tose diminishes until the skeleton consists of a beautiful silicious 
netwoi'k resembling spun glass. But whatever may be the condi- 
tion of the skeletal}, that of the body that clothes it remains 

1 For an instructive discussion on this point, consult Prof. E. A. Minchin’s essay 
on ‘ The Position of Sponges in the Animal Kingdom’ m Science Papers, i. 

(1897) to which is appended a useful list of works on the subject. Some authors 
demur to the association of sponges with other Metazoa, and Professor Sollas has sug- 
gested the use of the group-name Parazoa. Bee also Treatise on Zoology, vol. ii. 
London, 1900. 
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essentially the same ; and the peculiarity that chiefly distinguishes 
the sponge-colony from the plant-like colonies of the flagellate 
Infusoria is that whilst the latter extend themselves oiitii^ards by 
repeated ramification, sending their zooid-hearing branches to 
meet the water they inhabit, the surface of the former extends 
itself hmmrclsy foiniing a system of passages and cavities lined by 
these and the amceboid cells, through which a cuiTent of water is 
drawn in to meet them by the action of the flagella. The minute 
pores (fig. 653 , />, h) with which the surface a of the living sjionge 
is beset lead to incurrent pjxs.sirges that oi)en into chambers lying 
beneath it (c. c), and open into the ^ ampullaceous sacs,’ oi*, as they 
are now called, ‘flagellate chambers,’ from the presence round 
their walls of the flagellate or collared cells. The water drawn 
in by their agency is driven outwards through a system of 
excurrent canals, which, uniting into larger trunks, proceed to the 

oscnla or projecting 
vents, f/, fi'om each of 
which, during the 
active life of the 
sponge, a sticam of 
water, carrying out ex- 
crementitious matter, 
is continually issuing. 
The in-current brings 
into the chambers 
both food-material and 
Fig. 653.— Duigtainmatic section of a spoil jre . o, o, oxycreil * and fi'Oin the 

superficial layer ; inhalant apertures or pores ; r, < , ^ • .1 ' 1 

flagellated chambers; r7, exhalant oseiile ; r, deeper niaimer ill WlllcJi 
substance of the siionge. coloured ])arti(rles ex- 

perimentally difiused 

tlu'ough the watei' whei ein a sponge is living are l eceived into its 
protoplasmic substance, it seems clear that tlu^ nutrition of the entire 
fabric is the resultant of the feeding action of the flagellate units, 
each of which takes in, after its kind, the food-particles brought by 
the current of water, and imparts the product of its digestion of them 
to the general saicodic mass. 

The continuous substance that clothes tlie skeleton of the 
sponge and constitutes the chief jjart of its living body includes 
great numbers of stellate granular cells. Theii* long slendei* pseudo- 
jx>dia, radiating towards those of theii* neighbours, often unite 
together to form a complex network ; on the chief paits of the 
course of the water-way they become fusifoiiu in shape and con- 
tractile in function, and it is by their agency that the continual 
contractions and expansions of the oscula are produced, which are 
very characteristic of the living sponge. As w'as first shown by 
Professor C. Stewart, sensory organs, formed of groups of cells 
with long projecting filaments, are to be seen on the suiface of 
many sponges. Any one of these amoelx)ids, again, detached from 
the mass, may lay the foundation of a new ‘ colony.’ In the 
aggregate mass produced by its continuous segmentation certain 
globular clusters are distinguishable, each having a atvity in 
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its interior ; and the ania‘})oids that form the wall of this cavity 
become metamorphosed into collaied flagellate cells whose flagella 
project into it. Tims is formed one of the characteristic ‘ ampul- 
laceous sacs/ which, at first closed, afterwards communicates with 
the exterior, on the one hatid by an incurrent passage, and on the 
other with the excurient canal-system leading to the oscula. Be- 
sides this reproduction by ‘ mici*ospores,’ there is another form 
of non-sexual reproduction by macrospores, which are clusters of 
amoeboids encysted in firm capsules, frequently strengthened on 
theii* exterior by a layei* of spicules of veiy peculiar form. These 
‘ seed-like bodies,’ w hich answ er to the en(*ysted states of many 
protophytes, are met with in the substance of the sponge, chiefly iii 
winter ; and aftei* being set free thmugh the oscula they give exit 
to their contained aiiueboids, each of wdiich may found a new^ colony. 
A true process of sexual generation, moreover, is known to take place 
in sponges, certain of the am<cboids, like certain cells of 
becoming ‘sperm-cells,’ and developing spermatozoa by the meta- 
morphosis of their nuclei; w’hile otheis })ecome ‘germ-cells,’ 
developing tliemselves by segmentation (when fertilised) into the 
bodies knowui as ‘ ciliatc'd gemmules,’ wdiich are set free from the 
walls of the canals, swim forth from the vents, and for a time move 
actively through the water. In a w'ord. there is true sexual repro- 
duction by ova and spermatoz(ja, as in all animals that are not 
Protozoa.^ 

The ai rangement of the k(*i'atose reticulation in the s])ongeswith 
which w'e are most familiar may be best made out by cutting thin 
slices of a piece of sponge submitted to film compression, and view- 
ing these slices, mounted ujum a dark ground, w ith a low* magnifying 
power under incident light. Such sections, thus illuminated, are 
not merely striking objects, but serve to show very characteristically 
the general disposition of the larger canals and of the smaller pfires 
with which they communicate. In the ordinary sponge the fibrous 
skeleton is almost entirely destitute of spicules, the absence of 
which, in facd, is one important condition of that flexibility and 
compressibility on which its uses depend. When spicules exist in 
connection wdth such a skeleton, they are usually either altogether 
imbedded in the fibres, or are implanted into them at their bases ; 
but smaller and simpler sponges, such as Grantia^ have no horny 
skeleton, and their calcareous spicules are imbedded in the general 
substance of the body. Sponge-spicules are much more fre- 
(piently silicious than calcareous ; and the variety of forms pre- 
sented by the silicious spicides is much greater than that which 
we find in the compai'atiyely small division in which they are 
composed of cai’bonate of lime. The long needle-like s])icides, w hich 
are extremely abundant in several sponges, lying close together 
in bundles, are sometimes straight, sometimes slightly curved ; 
they ai‘e sometimes pointed at both ends, sometimes at one only ; 
one or both ends may be furnished wdth a head like that of a 

1 See Chapter V. of Mr. Saville Kent’s Manual of the lufusona, and Chapter V . of 
vol. i. of Mr. Balfour’s Comjxfrative Emhruology, as well as Professor Haeckel’s im- 
portant work on the Calcareous Sponges. 



Fki fl.'i — A, ^(‘< ticiii f iD'oirjjf)! l^htihi If m i > nt /hi fn n m ^ < oinirnihi^ taken at Tiglit 

aiijjlc-, t(» the t.K to sl.ow the .in<iii;.'i irn‘iit <it t lie )),u t of a s])()iit^e y;, pores 
0)1 th< '-intco (' leiulin^ to /r, tlie inhahinL eanaK, tlieii to the Hagellated cliaraberH, 
/< , .nel tht II' e to the exlialant canals, er, to o, tlie oseuhi ui the dermal membrane, 
dm. li, 11)01 ( hiehlv ma^niified view of the nitenuil portion (choanoHome) of 
Axniella pin <ii/ni n - ‘iOP nn , -,o-called ineHodermal cells Other letters as in A. 
(After Ridle\ .uel lit )ia\.) 
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vals, giving them a jointed appearance.' The more recent authorities 
on Sponges, such as Professor Sollas and Messi*s. Ridley and Dendy, 
have recognised that in the present state of our knowledge the spicules 
which are ordinaiily found in silieious Sponges belong to one of two 
groups, which, as they differ considei-ably in size, may be called 
megascleres (or, more correctly, megaloscleres) and microscleres. It is 
to the definite arrangement of the former that, with or without the 
addition of spongin, the sponge owes its definite skeleton ; the micro- 
scleres give consistency to the 


tissue of the sponge, and are ir- 
regularly scjittered throughout 
its substance. If we desire to 
give them physiological names 
we may call the megaloscleres 
skeletal spicules, and the micro- 
scleres flesh-spicules. If w(‘ 
})eai* in mind that in the 
opinion of the most competent 
spongiologists tlu^ polyaxial 




spicules are the most primi- 
tive, there is no practical /X\ 

objection to our noticing them / I \\\ // \\\ 

in the reverse order, a method I \\\ I \\\ 

which will be found to conduce IlJL ^ VJ 

to simplicity of description. 1 /la? 

In the examination of spi(‘ules, ?.?. Jpy rh"' 

it is necessary, first of all, to \\\ ■)// \ \ l/j 

distinguish between axes and ^ V-// 

rat/s; thus in the Monaxonida ^ 

the megaloscleres have but a , , , , 

1 • 1 Eio. 055. — Structure of tlie chela} of Mo- 

single axis, but the ^ ■ iuixoukI Sponges . 1, tndentate anisochela 

from the point of origin may from in front; in, from tlie side; 2, 2n, 

be on either side when we front and side views of a palmate isochela ; 

1 X ^ tubercle; at, at\ anterior tooth or 

have two-rayed 01 diattinal palm; lateral tooth or jialm; s, shaft; 

megaloscleres, or it may extend fimbria. (After Ridley and Dendy.) 
in one direction only, when the 

scleres are sai<l to lie monactinal. In tl«> Oalcispongia; there are 
three axes and three rays; hnt in some sponges, sneh as Venus’s 
flower-basket, the growth is along both directions of the axes, so 
that while there are three axes there are six rays, or the spicules 
are hexactinellid. In others, such as (Jnodin and the Lithistid 
Sponges, there are four axes, whence siich forms are called tetraxonid. 


1 ( 1 . 055. — Structure of tlie chela} of Mo- 
naxonid Sponges . 1, tridentate anisochela 
from in front; 1(/, from the side; 2, 2rt, 
front and side views of a palmate isochela ; 
t, t\ tubercle; at, at', anterior tooth or 
palm ; ft. It’, lateral tooth or jialm ; a, shaft ; 
t, fimbria. (After Ridley and Dendy.) 


1 A minute account of the various forms of spicules contained m Sponps is given 
by Mr. Bowerbank in his first memoir ‘On the Anatomy am. Physiology of the 
Snonsiadee’ in Phil. Trans. 1858, pp. 279-382; and in his Monograi)h of the 
British Spongiadce, published by the Ray Society. The Calcareous Spon^e^ave 
been made by Professor Haeckel the subject of an elaborate monograph, Dte Kalk- 
schwdmuie Berlin, 1872. For enumerations and classifications of the varioiw kinds 
of spicules ’see Professor Sollas, art. ‘Sponges,’ in the 9th edition of the 
Brftannica, and Messrs. Ridley and Dendy, Beport on the Challenger Monax- 
onida, lip. xv-xxi. 
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Lastly there are the least regular inegalosderes, which may be multi - 
radiate or spherical. 

As is well known, the flesh-spicules are of the most varied forms, 
and it is a matter of some diflSculty so to gi*oup them as to render 
them more easy of comprehension by the stialent. Messrs. Ridley and 
Dendy suggest that, provisionally at any rate, we should regard them 
as (1) simple linear, (2) hooked, (»i) stellate. The first may be pointed 
at either end, and these are often spinous, or they may be long and 
hair -like, and be or not be arrangetl in bundles (dragin ata) ; a common 
form is that of a bow, and these, again, are sometimes arranged in 
bundles, which have been formed within one and the same cell. 
The hooked foirus may be simple sigmiform mieroscleres, or the 
shape may be complicated by the innei* mai*gin of the shaft or hook 
thinning out to a fine knife-edge. The most complex forms of this 
group are the mieroscleres which the just-ipioted authors denominate 
cheUv. They describe these scleres (fig. (555) as having n more oi* 
less curved shaft (s), which bears at each end a variable number of 



Fig. G 56 . — Anisochela' of Clada- 
rhiza ni versa, showiiij^ a, the 
nucleus of the mother-cell of 
the spicule, from in front, a, 
and from the side, h. x 800. 
(After Ridley and Dendy.) 


sharply recurved processes (at, at', It, It'), 
which they call the ‘ teeth,’ or if broad 
and ex[>anded the " ])alms ; ’ these are con- 
nected with the shaft by a buttress-like 
projection, which is generally so trans- 
parent as to be with difliculty made out. 
The shaft itself is frequently di*awn out 
at the .side into wing-like processes or 
fimbria' (J). If the two ends of the 
.spicule are ecpial, we have isocJiehe ; if un- 
equal, ani8ochel(f\ The stellate micro- 
.scleres may he spiral, have a shaft with 
spino.se whorls, or a cylindrical shaft with 
a. toothed whoi-1 at either end. The 


spicules of .sponges cannot be c()n.si<lered, lik(.‘ the mphides of plants, 
as mere de|X)sits of mineral matter in a ciy.stalliiie .state; for, like 
all other parts of the organi.sm, they are of cellular origin (fig. 65(5), 
and the special cells which produce them are distinguished as silico- 
blasts ; in this there is first develope<l a central oiganic thread 
around which concentric layers of silica or chalk are laid down.^ 
Thei'e is an extremely intei'e.sting gi*(mp of Sponges in which the 
horny skeleton is entirely replaced by a sUlciaas framework of great 
firmness and of singular beauty of construction. This framework 
may lie regarded as fundamentally consi.sting of an airangement of 
six-rayed spicules, the exten.sions of which come to be, as it were, 
soldered to one another ; and hence the groiq) is distinguished as 
seocradiate. Of this type the beautiful Kaplectella of the Manila 
seas — which W'as for a long time one of the greatest of zoological 
rarities, but which now, under the name of ‘ Venu.s’s flower-basket,’ 
is a common ornament of our drawing-rooms — is one of the mo.st 
characteristic examples.^ Another example is presented by the 


* For a compendious statement of the characters of sj^onge-spicules see pp. 82-4 
of Mr. A. Sedgwick’s Student's Text -book of Z Oology, Ijondon, 1898. 

* The structure and arrangement of the soft parts of EiijAcciella, aspergillum have 
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Iloltenia Carpenter of which four specimens, dredged np from a. 
depth of 530 fathoms between the Faroe Islands and the noi*th of 
Scotland, were among the most valuable of the ^ treasures of the 
deep’ obtained during the first deep-sea exploration (1868) carried 
out by Sir Wy ville Thomson and the A uthor. This is a turnip-shaped 
body, with a cavity in its interior, the circular mouth of which is 
surrounded with a fringe of elongated silicious spicules ; whilst from 
its base there luiiigs a. sort of beard of silicious threads that extend 
themselves, sometimes to a, length of sc^veral feet, into the Atlantic 
mud on which these bodies are found. The framework is much 
more massive than that of K plectelht^ but it is not so exclusively 
mineral ; for if it be boiled in niti*i(! acid it is rt'solved into separate 
spicules, these being not soldered together by silicious continuity, 
but held togethei- by animal matter. Besides the regulai’ sex- 
radiate spicules, thei e is a remarkable variety of other forms, which 
have been fully described and figured by Sir M^yville Thomson.^ 
One of the greatest features of interest in this Holienla is its 
singular resemblance to the Yentrlcnlites the Cretaceous formation. 
Subsequent investigations ha ve shown that it is very widely diffused, 
and that it is only one of several deep-sea, forms, including some 
of singularly beautiful structure, whicli ai*e the existing repre- 
sentatives of the old ventriculite tv])(‘. Om* of these was ja'eviousl}' 
known from being (xvasionally cast uj) on tla^ shore of Hai'badoes 
after a stoiau. This Dlctjfocaltjx painieena has tlie shape of a mush- 
room, tlie diametei* of its disc sometimes ranging to a foot. A small 
portion of its reticulated sk(‘l(‘ton is a singulaT’ly beautiful object 
when viewe<l with inci<lent light under a low magnifying power. 

With the exception of the genus Spongilla and its allies, all 
known sponges are marine, but they <lifl’er very much in habit of 
growth. For whilst some can only be obtained by dredging at con- 
siderable depths, others live near the surface*, whilst others attach 
themselves to the surfaces of rocks, shells, I'cc. between the tide- 
marks. The various species of (irantla in which, of all the marine 
sponges, the flagellate cells can most remlily be observed, belong to 
this last (iategory. They have a, peculiarly simple structure, each 
being a sort of bag whose wall is so thin that no system of canals is 
recpiired, the A\ater absorbed by the outer surface })assing directly 
towards the inner, and being expelle<l by the mouth of the bag. The 
dagellamay be plainly <listingiiishe<l with a t_ineh obj(‘ctiye on some^ 
of "the cells of the gelatinous substance .scra})ed from the interior of 
the bag; or they may be seen in situ, by making very thin trans- 
verse sections of the substance of the sponge. It is by such sections 
alone that the internal structure of sp<)nges, and the relation of 
their spicular and horiiv skeletons to their fleshy substance, can be 
demonstrated. They are best made by the imbedding process. In 
order to obtain the spicnles in an isolated condition, the animal 
matter must be got rid of either by incineration or by chemical 

been investigated by Prof. F. E. Schulze, Trans. lioyul Sor. of Kdinhurgh, xxix. 

^ ^^See his elaVjorate memoir in Piiil. Trans. 1870, and his Dtyths of the Sea^ 
1872 p. 71. 
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reagents. The latter method is preferable, as it is difficult to free 
the mineral residue from cai*bonaceous particles by heat alone. If 
(as is commonly the case) the spicules are silicioas, the sponge may 
be treated with strong nitric or nitro-muriatic acid, until its animal 
substance is dissolved away ; if, on the other hand, they are cal- 
caj'eotcs, a strong solution of potass may be employed instetxd of the 
acid. The operation is more i‘a})idly accomplished by the aid of 
heat ; but if the sjiving of time be not of importance, it is prefei-able 
on several accounts to dispense with it. The spicules, when obtained 
in a separate state, should be mounted in Canada balsjim. 8ponge 
tissue may often be distinctly i'ecogiiise<l in sections of agate, 
chalcedony, and other silicious concretions, as will be more fully 
stated hereafter.^ 

11 . Zoophytes (Ccelenteiia) 


Under the general designatio 
venient to group those animals wdi 



Fio. (>57. — Longitudinal section of the body 
of a hydra killed in full digestion : cr, 
ectoderm ; ca, endoderin ; muscular 

processes ; d, a diatom ; food. (After 
T. J. Parker.) 


Zoophytes it will be still con- 
['h form composite skeletons or 
‘poly pa lies’ of a more or less 
plant-like character, associating 
w'ith them the Acalephs^ which 
are now known to be the ‘ .sexual 
zboids* of polypes, but excluding 
the Polyzoa on account of their 
very difiei’ent structui’e, not- 
withstanding theii* ziiophytic 
forms and habits of life. The 
animals belonging to this group 
may be considei-ed as formed 
upon the ])rimitive yastr^da 
type, their gastiic cavity 
(though sometimes extending 
itself almost indefinitely) being 
lined by the original endoderm., 
and their surface being covered 
by the original ectoderm,, and 
these two lamelhe not being 
sepai*ate<l by the interposition 
of any body-cavity or codoDi. 
It is a fact of great interest 
that although the product of 
the <levelopment of a morida is 
here a ilistinctly individualised 
piolype, in which several mutu- 
ally dependent parts make up 


a single organic whole, yet these juirts still retain much of their 
independent protozoic life; which is manifested in two very re- 
markable modes, lii the first place, the digestive sac is observed 


to be lined by a layer of amoeboid cells, which send out pseudopodial 


I A complete and valuable handbook to the Sponges has been published by 
Dr. G. C. Vosmaer as vol. ii. of Bronn’s Khtssen und Ordnungen des Thierreichs^ 
Leipzig, 1887. Compare also the article by Professor Sollas in the ninth edition of the 
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prolongations into its cavity (fig. 657) by whose agency (it may be 
pretty certainly affirmed) the nutrient material is first inti’oduced 
into the body-substance. This process of ‘ intracellular digestion ’ 
was first noticed by Professor Allman in the beautiful hydi*oid polype 
Myriothel(i\ ^ the like has been since shown by Mr. Jeffery Parker 
to be true of the ordinary Hydra ; and Professoi* E. Ray Lankester 
has iriade the same observation upon the curious little JMedusji (Linnw- 
codiuin), which lives in fresh-water tanks in this country, whither 
it has undoubtedly been introduced ; while tlu' observations of 
Krukenberg haA e sliown tliat a similar process obtains among the sea- 
anemones.'^ (It may be mentioned in this connection, that Metschni- 
kofi'has seen the cells which line tlie alimentary canal of the lower 
planarian worms gorging themselves with coloured food-particles, 
exactly in the manner of Anuehtr and the liver-fluke, and that a 
number of larvie are known to obtain their nourishment in the siime 
way."*) The second ^ survival ’ of protozoic independence is shown 
in the extraordinary powder possessed by Hydra^ Actiauiy Ac. of 
reproducing the entii-e organism from a mere fragment. This great 
division includes tlie two princi})al grou}>s the Hydrozoa and tlu' 
Actinozoa, the former comprehending the Polypes, and the latter 
the Anemones. In the Hydrozoa the irnaith is placed on a projecting 
oral cone, whih* in the Anthozoa. it is sunk below the level of the oral 
ciiclet of tentacles, and the cavity developed from and connected 
wdth the digestive cacity separates its wall from the body-w'all and 
is traversed by a series of vertical j)artitions or se])ta. As most of 
the hydroid poly^x^s are essentially microscopic animals, they need 
to be described w ith some minuteness ; w hilst in regard to the 
Actinozoa those points oidy will be <lwelt on wdiich are of special 
interest to the microscopist. 

Hydrozoa. —The type of this group is the Hydra or fresh-water 
])olype, a very common iidiabitant of pools and ditches, where it is 
most commonly to be found attached to tlie leaves f)i* stems of aquatic 
plants, floating pieces of stick, Ac. Two species are common in this 
country, the //. virUlis or green polype, and the If. indyaris, which 
is usually orange-brown, but sometimes yellowish or red (its colour 
being liable to some variation according to the nature of the food 
on which it has been subsisting) ; a third less common species, the 
H. fusca, is distinguished from both the preceding hy the length of 
its tentacles, wdiich in the former are scarcely as long ns the body, 
w hilst in the latter they are, when fully extended, many times longer 

E/irt/cIopifdia Britan nira ; the '‘Challenger' lieportn by ProfeHHor Sc-liulze, MesHrs. 
Ridley and Dendy, Polejaeff, and Sollas ; and the numerous memoirs of Professors 
O. Schmidt and Schulze. More recently iinjmrtaiit additions to our knowledj'e of 
Sponges have been made by Prof. Yves Delage and Monsieur E. Topsent in the 
Arch. Z()ol. E.rpcr. cf Gc)t. 1892-5, and by Dr. O. Maas in the Mitth. Z<>ol. Sfaf. 
NeapeJ, x. and elsewhere. 

^ Bhil. Trans. 1875, p. 552. It should be noted that the late Professor Claus 
called attention to the ingestion of foreign bodies by aimeboid cells of Monophyes 
in 1874. See his Schriften Zool. Inhalts (Wien, 1874', p. 80. 

^ Proc. of Hoy. Hoc. vol. xxx. 1880, }>. 01. 

•' Quart! Jon rn. Microsc. Sei. n.s. vol. xx. 1880, p. 871. 

^ Consult an interesting article on ‘Intercellular Digestion,’ by Metschnikoff, in 
Bevue Hcientifiqnc, ser. iii. vol. xi. i>. 683. 
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(fig. 658).* The body of the Hydra consists of a, simple bag or sac, 
which may be regarded as a stomach, and is capable of varying its 
shape and dimensions in a very remarkable degree, sometimes ex- 
tending itself in a straight line so as to form a long narrow cylinder, 
at other times being seen (when empty) as a minute contracted 
globe, whilst, if distended with food, it may pi-esent the form of an 
inverted flask or bottle, or even of a button. At the upper end of 
this sac is a central opening, the mouth ; and this is surrounded by 

a circle of tentacles or ‘ arms,’ 



Fig. ().58. — Hydra fusva, with a young 
at and a more advanced bud at c. 


usually from six to ten in number, 
wliicli are arranged with great 
regulaiity around the orifice. 
The body is prolonged at its lower 
end into a nari‘ow base, which 
, is furnished with a suctorial disc, 
'i and the Hydra usually attaches 
?( itself by this, while it allows its 
I tendril -like tentacles to float 
f freely in the water. The wall 
f of the body is composed of two 
layers of cells ; and between 
tlu‘se, which are the ectoderm 
and endoderm, there is a deli- 
cate interme<liate layer, which 
forms the sup})()rting lamella. 
The arms are made up of the 
same materials as the body ; 
but theii* surface is beset with 
little wart-like ])rominences, 
which, when carefully examined, 
ai*e found to be composed of 
clusters of ‘ thread-cells,’ having 
a single large cell with a long 
spiculum in the centi-e of each. 
The structure of these thretid- 
cells or ‘ urticating organs’ will 
be described hereafter ; at pre- 
sent it will be enough to point 
out that this apparatus, repeated 
many times on each tentacle, is 


doubtless inten<le<l to give to the orgfin a, great prehensile power, 
the minute filaments forming a rough surface adapted to prevent 
the object from readily slipping out of the grasp of the arm, whilst 
the central spicule or ‘ <lart ’ is projected into its substan(‘e, pi*obably 


conveying into it a poisonous fluid secreted by a vesicle at its base. 


' On the specific characters of Hydra consult Haacke, xiv. 

p. and Jickeli, Zc/o/. Anzeig. v. p. 491. 

^ To this intermediate layer, Mr. G. C. Bourne applies the term viesoglcea. For an 
account of its variations and structure among the Coelentera, and a discuKsion of its 
homology with the mesoderm of higher Meta 2 oa, see his essay on Fiuigia in vol. 
xxvii. of the Quart. Journ. Microac. Sci. n.s. 
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The latter inference is founded upon the oft-repeated observation 
that if the living prey vseized by the tentacles have a body destitute 
of hard integument, as is the case with the minute aquatic worms 
which constitute a large part of its aliment, this sjjeedily dies, 
even though, instead of being swallowed, it escapes from their grasp ; 
whilst, on the other hand, minute Entomostraca, insects, and other 
animals or ova, with hai d envelopes, may escape witliout injury, even 
after having been detained for some time in the polype\s endirace. 
The contractility of the a 


tentacles (the interioi* 
of which is traversed by 
a canal that communi- 
cates with the cavity 
of the stomach) is very 
i‘emai‘kable, especially 
in the Hydra fusca, 
whose ai’iiis, when ex- 
tended in search of 
j)rey, ai*e not less than 
seven or eight inches in 
length ; whilst they are 
sometimes so contract- 
ed, when tlie stomach 
is filled wi til food, as 
to appear oidy like littl(‘ 
tubercles around its en- 
trance. By means of 
these instruments the 
Hydra is enabled to 
draw its support from 
animals whose activity, 
as compared with its 
own slight powei’S of 
locomotion, might have 
been supposed to re- 
move them altogethei* 
from its reacdi ; foi* 
when, in its movements 
through the water, a 
minute worm or a water- 



flea happens to touch — Campanularia gelatinosa. 

one of the tentacles of 


the polype, spread out as these are in readiness for prey, it is 
immediately seized by this ; other «arms are soon coiled around it, 
and the unfortunate victim is speedily conveyed to the stomach, 
within which it may frequently be seen to continue moving for 
some little time. Soon, however, its struggles cease, and its outline 
is obscured by a tuibid film, which gradually thickens, so that at 
last its foi-m is wholly lost. Tlie soft parts are soon completely dis- 
solved, and the harder indige.stible portions are rejected through the 
mouth. A second orifice has been observed at the lower extremity 

3 K 
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of the stomach ; but this would not seem to be properly regarded as 
anal, since it is not used for rhe discharge of such exuvite ; it is 
probably rather to be considered as i*epresenting, in the Hydra, the 
entrance to that ramifying cavity which, in the compound llydrozoa^ 
brings into mutual connection the lower extremities of the stomachs 
of all the individual jx)lypes. 

The ordinary mode of reproduction in this animal is by a ‘ gemma- 
tion ’ resembling that of plants. Little bud-like processes (fig. 658, 
&, c) developed fi*om its external surface gradually come to l esemble 
the parent in chai’acter, and to possess a digestive sac, mouth, and 
tentacles ; foi* a long time, however, their cavity is connected with 
that of the parent, but at last the communicatic^n is cut oft* by the 

(closure of the canal of the foot- 
stalk, and the young polype quits 
its attachment and goes in quest 
of its own maintenance. A 
second generation of buds is 
sometimes observed on the young 
})olype befoi*e quitting its parent ; 
and as many as idneMen young 
llijdrcH in diftei'ent stages of 
development have been seen thus 
connected with a single original 
stock (fig. 660). This process 
takes phice most i*jipidly undei* 
the influence of warmth and 
abundant food ; it is usually sus- 
pended in winter, but may be 
made to continue by keeping the 
polypes in a. warm situation and 
well supplied with food. Another 
very curious endowment seems to 
depend on the siime condition — 
the extraordinaiy power which 
one portion possesses of repro- 
ducing the rest. Into whatever 
number of parts a Ifijdra may 
he divided, each may i*etain its 
vitality, and give origin to a 
new and entire fabric ; so that thirty or forty individuals may 
be formed by the section of one. The Hydra also propagates itself, 
however, by a truly sexual process, the fecundating appjiratus, or 
vesicle producing ‘ sperm-cells,’ and the ovum (containing the ^ gei in- 
cell,’ imbedded in a store of nutriment adapted for its early develop- 
ment), being both evolved in the subst^anee of the walls of the 
stomach — the male appai-atus forming a conical projection Just 
beneath the arms, while the female ovary, or portion of the body- 
substance in which the ovum is genemted, has the foi*m of a 
knob protruding from the middle of its length. It would appear 
that sometimes one individual Hydra develops only the male cysts 
or sperm-cells, while another develops only the female cysts or ovi- 



PlG. 660. 

mouth ; 6, base ; 
buds. 
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sacs ; hut the general i iile seems to be that the same individual 
forms both organs. The fertilisation of the ova. however, cannot 
,take place until after the rupture of the spei’inatic cyst and of the 
ovisac, by which the contents of both are set free. The autumn is 
the chief time for the development of the sexual oi*gans, but they 
also present themselves in the earlier part of the year, chiefly be- 
tween April and July. According to Ecker, the eggs of//, vhndw 
produced early in the season run their course in the summer of 
the same year ; while those pi’oduced in the autumn pass the winter 
without change. When the ovum is nearly lipe for fecmndation 
the ovary bursts its ectodermal covering, and remains attached by 
a kind of pedicle. Tt seems to be at this stage that the act of 
fecundation occins ; a very strong elastic shell or cap.sule then 
forms round the ovum, tlie surface of which is in some cases studded 
with spine-like points, in others tuberculated, the divisions between 
the tubercles being polygonal. The ovum finally drops from its 
pedicle, and attaches itself by means of a mucous secretion, till the 
hatching of the young Hydra, which comes forth piovided with four 
rudimentary tentacles like buds. The Hydra possesses the power of 
free locomotion, being able to remove from the s[)ot to which it has 
attached itself to any othei- that may be more suitable to its wants ; 
its changes of place, liowever, seem mther to be pea-formed under the 
influence oi' I'Hjht, towai-ds which the Hydi*a seeks to move itself, than 
with i-eferenco to the search after food.^ 

Tlie compound If pd, voids may be likened to a Jfjjdra whose 
gemma', instead of becoming detached, remain permanently connected 
with th(‘ parent ; and as these in their turn may <levelop gemma 
from their own ])odies, a .structui'e of more oi- less arborescent 
character, termed a polppav}/^ may be prodiuted. The form whicli 
this will present, ami the relation of the component polypes to each 
other, will depend u])on the mode in whicli the gemmation takes 
place ; in all instances, liowever, the entire cluster is producjed by 
continuous growth from a, single individual ; and the stomachs of the 
several polypes are united by tubes, which proceed from the base of 
each, along the .stiilk aii<l branches, to communicate* with the cjivity 
of the central stem. Whatever may be the form taken by the stem 
and branches constituting the polypary of a. hydroid colony, they will 
be found to be, or to contain, fleshy tubes having two distinct layers, 
the inner (endoderm) having nutritive functions ; the outer (ecto- 
derm) usually secreting a hard coi-tical layer, and thus giving rise 
to fabrics of various forms. Between these a muscular coat is some- 
times noticed. The fleshy tube, whether single or compound, is called 
a cmnosarc^ and through it the nutrient matter cinadates. The 
‘ zdoids,’ or individual members of the colony, are of two kinds : one 
the polypite., or (dimem tar y zdoid, i-esembling the Hydra in essential 

1 A vt^ry full account of the structure «.nd development of Hydra has been 
})ublished by Kleiiienberg, of whose admirable monograph a summary is given by 
Professor Allman, with valuable remarks of his own, in Qnart. Jonnt. Microsc. Set. n.s. 
vol. xiv. 1874, p. 1. See also the important paper by the late Mr. Jeffery Parker 
already cited. On the chlorophyll corpuscles of H. viridis cmihult Brandt, Mitth. 
Zool. Stat. Neapely iv. -p. 191; Hamann, Zdol. Auzriy. vi. p. :>C7 ; and Lankester 
Quart. Joiirn. Microsc. Sci. n.s. xxii. x). 229. 
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stmcture, and more or less in aspect ; the other, the gonozooid^ oi* 
se,cnal zooid, developed at certain seasons only, in buds of particular 
shape. ^ 

The simplest division of the Hydroida is that adopted by Mr. 
Hincks,2 who groups them under the sub-order Athecata and Thecata^ 
the latter being again divided into the Th^jCapliora and the Gymno- 
chroa. In the first, neither the ‘ polypites ’ nor the sexual zdoids 
l)ear true protective aises; in the second the polypites are lodged in. 
cells, or, as Mr. Hincks prefers to call them, calycles, many of which 
•resemble exfpiisitely formed crystal cups, variously ornamented, and 
sometimes furnished with lids or opercula ; in the third, which con- 
tains the Hydras, there is no polypary, mid the reproductive zdoids 
(gf)nozdoids) are always fixed and developed in the body-walls. Ac- 
cording to Mr. Hincks, the two sexes are sometimes borne on the 
same colony, but more commonly the ziiophyte is dioecious. The 
cases, however, are much less rare than has been supposed in which 
both male and female are mingled on the sjime shoots. The sexual 
zdoids eithei* i*emain attached, and <lischai‘ge theii* contents at 
maturity, or become free and enter upon an independent existence. 
The free forms nearly always take the shape of Medusa^ (jelly-fish), 
swimming by rhythmical contractions of their bell or umbrella. The 
digestive cavity is in the handle (manubi*ium) of the bell ; and the 
generative elements (sperm-cells or ova) are developed either between 
the membranes of the manubrium or in special sjics in the canals 
radiating from it. The ova, when fertilised by the spermatozoa, 
undergo ‘ segmentation ’ according to the ordinary type, the whole 
yolk-mass subdividing successively into two, four, eight, sixteen, 
thii*ty-two oi‘ more pai*ts, until a ‘ mulberiy mass ’ is formed ; this 
then begins to elongate itself, its surface being at first smooth and 
showing a transparent margin, but afterwards becoming clothed with 
cilia, by whose agency these little 'plamd(v^ closely resembling ciliated 
Infusoria, first move about within the capsule, and then swim forth 
freely when libemted by the opening of its mouth. Ab this })eriod 
the embryo can be made out to consi.st of an outer and an inner 
layer of cells, with a hollow interior ; after some little time the cilia 
disappear, and one extremity beconms expinded into a kind of disc 
by which it attaches itself to some fixed object ; a mouth is formed, 
and tentacles sprout foifh around it ; and the body increases in length 
and thickness, so as gradually to acquire the likeness of one of the 
parent polypes, after which the ‘ polypary ’ characteristic of the genus 
is gradually evolved by the successive <levelopment of polype-buds 
from the first-foi*med polype and its subsequent offsets. The Medusfe 
of these polypes (fig. 663) belong to the division called ‘ naked-eyed,’ 
on account of the eye-spots usually .seen suri'ounding the margin of 
the bell at the base of the tentacles. 

A characteristic example of this production of medusa-like 
^ gonozooids ’ is presented by the form termed Sync(yi'yne travail (fig. 

‘ A useful list of the principal terms used in describing hy droids, with definitions, 
will be found on pp. 16 and 17 of Professor Allman’s Report on the Htjdvoida {Plu- 
vmlariidce) of the Challenger. 

" History of British Hydroid Zoophytes^ 1868. 
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661 ) belonging to the sub-order AtJiecata. At A is shown tiie ali- 
mentary zooid, or jx^lypite, with its tentacles, and at B the succes- 
sive stages a, h, c, of the sexual zooids, or medusa-buds. When 
sufficiently developed the Medusa swims away, and as it grows to 
maturity enlarges its manubrium, so that it liangs below the bell. 
The Meduste of the genus Si/iicori/ne (as now restricted) have tlu‘ 
form named Sarsia in honour of the Swedish naturalist Sars. Theii 


normal character is that of free swimmers ; but Agassiz a s(‘ertained 
that in some cases towards the 

end of the breeding season the . ^ . 

sexual zooids remain fixed, and 

mature their products while at- i 

tached to the zoophyte.^ This iLd 

latter condition of the sexual I 

zooids is very common amongst ^ 

the llydroida ; and various inter- j/ 

mediate stages may be traced in j 

difierent genera between the fj 

mode in which the gonozooids jl 

are produced in the common j/ 

Hydra, a,s already described, and / 

that of Syncoryne. In 'Jhihu- I 

lai'ia the gonozooids, though I 

p(‘rmanently attache<l, are fur- 
nished with swimming bells, 

having four tubeicles repi-e- ^ 

senting marginal tentacles. A ^ 

common and interesting species, 

Tuhularia indtvisa, receives its 
specific name from the infre- 

quency with which branches are 

given off from the stems, these for \ 

the most part standing erect and \|l 

pai'allel, like the stalks of corn, 

upon the base to whi.ai they M-e ,i,ii._Develo,>nunt ot MeduKa-buil 

attached. This beautiful zoo- in Sf/ncoripic Sarsn : A, an ordinal;' 


in Sfjncorf/iie Sarsu : A, an ordinal y 
phyte, which sometimes gl*OWS Jiolyiie, with its club-bliai 3 ed body covered 
t t 1 1 lx* with tontacloH ; B, a Tioly pc putting fort h 

between the tlde-maiks, but is mcduHoid gemmae ; (/,a very young bud ; 

more tlbuildantly obtained by />, a bud more advanced, the quadran- 

dredging in deep water, often Kular form of which, with the fom 

atfeiins a size whicli renders it «pv,„g, is „howu at c, a bad still 

scarcely a, microscopic object, its more advanced, 

stems being sometimes no less 

than a foot in height and a line in diameter. Several curious 
phenomena, however, are brought into view by micioscopic examina- 
tion. The polype-stomach is connected with the cavity of the 
stem by a circular opening, which is surrounded by a sphincter ; 
and an alternate movement of dilatation and contraction takes 
place in it, fluid being apparently forced up from below, and then 
expelled again, after which the sphincter closes in preparation for 
1 Hincks, o/i. cit. p. 49. 
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a recurrence of the operation, this, as observed by Mr. Lister, 
being repeated at intervals of eighty seconds. Besides the foregoing 
movement, a regular flow of fluid, carrying with it solid particles of 
various sizes, may be observed along the whole length of the stem, 
passing in a somewhat spiral direction. It is worthy of mention 
here that when a Tubularia is kept in confinement the polype-heads 
almost always drop oft’ after a few days, but are soon renewed 
by a new gi’owth from the stem beneath ; and this exuviation and 
regeneration may take jdace many times in the Siime individual.^ 

It is in the families Cmnpanulariida and Sertnlariida (whose 
polyparies are commonly known as ‘corallines') that the horny 
branching fabric attains its completest development, not only aftbrd- 
ing an investment to the stem, but forming cups or cells for the 
protection of tlie polypites, as well as capsules for the rei)roductive 
gonozooids. Both these families thus belong to the sub-ordei* Thecata . 
In the Gmnpamdariida the polype-cells aie campanulate or bell- 
shaped, and are borne at the extremities of ringed stalks (fig. 0.59, c) ; 
in the S^odidariidcij on the other hand, the polype-cells lie along the 
stem and branches, attached either to one side oidy, or to both sides 
(fig. 662). In both the general structure of the indi\idual polypes 
(fig. 659, B, d) closely c()rresj)onds with that of the Hydra ; and the 
mode in whidi they obtain their food is essentially the same. Of 
the prodiK^ts of digestion, however, a. portion finds its way down into 
the tubular stem, foi* the nourishment of the general fabrics ; and 
very much the same kind of circulatory movement can be vseen in 
as in Tubularia, the circulation being most vigorous 
in the neighbourhood of growing parts. It i;^ from the ‘cfcnosarc’ 
(fig. 659, y) (contained in the stem and branches that new* polype- 
bud.s (ft) are evolved ; these carry before them (so to speak) a [)ortion 
of the horny integument, which at first completely invests the bud; 
but as the latter acquir es the organisation of a. })()ly})e, the case 
thins away at its most prominent part, and an opening is foiinerl 
through which the young polype proti iules itself. 

The origin of the reproductive capsides or* ‘ gonothecje ’ (c) is 
exactly similar*, but their destination is vei*y difter*ent. Within 
them are evolved, by a budding pi*ocess, the generative organs of 
the zoophyte ; and these in the Camjximdariida may either develop 
themselves into the foi*m of independent niedusoids, which com- 
pletely detach themselves fi*om the stock that b()i*e them, make their* 
way out of the capsule, and swim forth fr-eely, to matur e their* 
sexual products (some developirrg sperm-cells, arrd others ova), and 
give origin to a new generation of polypes ; or*, irr cases irr which 
the medirsoid structure is le.ss distinctly pronounced, may not com- 
pletely detach themselves, but (like the flower-buds of a, plant) expand 
one after arrother at the nrouth of the capsule, withering aird drop- 
ping off after they have matured their generative pr*oducts. In the 
Sertida/riida, on the other hand, the medusarr corrfor ruation is warrting, 
as the gonozooids are always fixed ; the reproductive cells (fig. 662, a)^ 
which were shown by Professor Edward Forbes to be r eally meta- 

* The British Tuhulariida form the subject of a most complete and beautiful 
monograph by the late Professor Allman, published by the Ray Society. 
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morphosed branches, developing in their interior certain bodies which 
were formerly supposed to be ova, but which are now known to be 
‘ medusoids ’ reduced to their most rudimentary condition. Within 
these are developed — in separate gonothecje, sometimes perhaps on 
distinct polyparies — spermatozoa and ova ; and the latter are ferti- 
lised by the entrance of the former whilst still contained within 
their capsides. The fertilised ova, whether pi*oduced in free oi* in 
attached medusoids, develop themselves in the first instance into 
ciliated ‘ gemmules,’ or planidje, which soon evolve themselves into 
true polypes, from every one of which a new composite polypary 
may spring. 

There are few parts of our coast which will not supply some or 
other of the beautiful and 
interesting forms of zoo- 
phytic life which have been 
thus briefly noticed, with- 
out any moi*e trouble in 
searching for them than 
that of examining the sur- 
faces of I’ocks, stones, sea- 
weeds, and dead shells 
between the tide-marks. 

Many of them habitually 
live in that situation ; and 
others are frequently cast 
up by the waves from the 
deeper waters, especially 
after a storm . Many kinds, 
however, can only be ob- 
tained by means of the 
dredge. (J)f the remarkable 
forms di'edged by the ‘ Chal- 
lenger’ mention can only 
be made here of the gigantic 
Tubulariaii — Monocaulus — 
the stem of which measured 
seven feet four inches, 
while there was a spi'ead 
of nine inches from tip to tip of the extended tenbicles, and of the 
elegant Streptocaulus pHlckei'i'hnns^ in which by the twisting of 
the stem the ultimate ramules are thrown into ‘ a graceful and 
beautiful spiral.’ For observing them during their living state, no 
means is so convenient as the zoophyte -trough. In mounting com- 
pound Hydi'ozoa, as well as Polyzoa, it will be found of great 
advantage to place the specimens alive in the cells they are per- 
manently to occupy, and to then add osmic acid drop by drop to 
the sea-water ; this has the effect of ctiusing the protrusion of the 
animals, and of rendering their tentacles rigid. The liquid may be 
withdrawn, and leplaced by Goadby’s solution, Deane’s g;elatine, 
glycerin jelly, weak spirit, diluted glycerin, a mixture of spirit and 
glycerin with sea- water, or any other menstruum, by means of 



Fig. 662. — Scrfuhiria cupreHStna : A, natural 
size ; B, portion magnified. 
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the syringe ; and it is well to mount specimens in seveml dif- 
ferent menstrua, marking the nature and strength of each, as 
some forms are better preserved by one and some by another.^ 
An excellent method of preservation has been discovered by 
M. Foettinger ^ in the use of chloral hydrate : when all the 
polypes in a vessel containing 100 c.c. of water are fully expanded 
some cryshils of chloral hydrate are to be dropped into the 
vessel ; these dissolve rapidly and gradually difiuse through the 
water. About ten minutes later a little more chloral should be 
added, and in three-quarters of an hour the whole colony will be 
found to have become insensible ; the advantage of this method 
lies in the fact that the action is merely narcotic, and that the tissues 
are not affected. When the influence is so complete that initation 
fails to produce retraction of the polypes the colony may be put into 
alcohol. The size of the cell must of course be proportioned to that 
of the object ; and if it be desired to mount such a specimen as may 
serve for a characteristic illustration of the mode of growth of the 
species it represents, the large shallow cells, whose walls are made 
by cementing four strips of glass to the plate that forms the bottom, 
will generally be found preferable. The horny polyparies of the 
Sertulariida^ when mounted in Canada, balsam, are beautiful objects 
for the polariscoj^e ; but in order to pi*epaie them successfully some 
nicety of management is required. The following are the outlines 
of the method recommended by Dr. Golding Bird, who very success- 
fully practised it. The specimens selected, which shoidd not exceed 
two inches in length, are first to be sid)mitted, while immersed in 
water of 120°, to the vacuum of an air-pump. The ebullition 
which will take place within the cavities will have the efiect of free- 
ing the polyparies from dead polypes and other animal matter ; and 
this cleansing process shouhl be rej)eated several times. The 
specimens are then to be dried, by first diaining them for a few 
seconds on bibulous paper, and then by submitting them to the 
vacuum of an air-pump, within a thick earthenware ointment-pot 
fitted with a cover, which has been pi'eviously heated to about 200° ; 
by this means the specimens are very (piickly and completely dried, 
the water being evaporated so quickly that the cells and tubes 
hardly collapse or wrinkle. The specimens aie then placed in 
camphine, and again subjected to the exhausting piocess foi* the 
displacement of the air by that licjuid ; and when they have been 
thoroughly saturated, they should be mounted in Canada balsam in 
the usual mode. When thus prepared they become very beautiful 
transparent objects for low magnifying poweivs ; and they pi*esent a 
gorgeous display of colours when examined by polarised light, with 
the interposition of a plate of selenite, the effect being much en ■ 
hanced by the use of black-ground illumination. 

No result of microscopic research was more unexpected than 
the discovery of the close relationship subsisting between the 
hydroid Zoophytes and the medusoid Acalsphce (or ‘jelly-fish ’). We 
now know that the small free-swimming medusoids belonging to 

^ See Mr. J. W. Morris in Quart. Joiiru. of Microsc. Sci. n.s. vol. ii. 1862, p. 116. 

^ Archives de Biologic^ vi. p. 115. 
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the ‘naked-eye’ group, of which Thmimantias (fig. 663) may l)e 
taken as a representative, are really to be considei*ed as the detached 
sexual apparatus of the zoophytes from which they have been 


A 




Fig. 063. — A, TUaumantias irilosella^ one of the ‘ naked-eye ' Medusae : «, 
oral tentacles ; 6, stomach ; c, gastro- vascular canals, hav ing the ovaries, 
d on either side, and terminating in the marginal canal, e e. B, Thau- 
mantias Eschscholtzii^ Haeckel. 

budded ofi*, endowed with independent organs of nutrition and 
locomotion, whereby they become capable of maintaining their own 
existence and of developing their sexual products. The giMiernl (‘ou- 
formation of these organs will be understood from the accompany- 
ing figure. Many of this group are veiy beautiful objects Ibr 
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microscopic examination, being small enough to be viewed entire in 
the zoophyte -trough. There are few parts of the coast on which they 
may not be found, especially on a calm wai-m day, by skimming the 
surface of the sea with the tow-net ; and they are capible of being- 
stained and preserved in cells after being hardened by osmic acid. 

The history of the large au<l highly developed Medusce^ or Aca- 
LEPH.E which are commonly known as ‘ jelly-fish ^ is essentially simi- 
lar ; for their progeny have been ascei-biined to develop themselves 
in the first instance under th(‘ polype foi in, and to lead a life which 
in all essential respects is zdophytic ; their development into Medusie 
taking place only in the closing phase of their existence, and then 
rather by gemmation from the original polype than by a metamor- 
phosis of its own fabric. The huge Rhizostoma found commonly 
swimming i*ound oui* coasts, and the beautiful Chrysaora i-emarkable 
for its long ^ furbelows ’ which act a.s organs of pi ehension, are oceanic 
acalephs developed from very small polypites, which fix themselves 
by a basal cup or disc. The embryo emerges from the cavity of its 
parent, within which the first stages of its development have taken 
place, in the condition of a ciliated ‘ planula,’ of rathei- oblong form, 
very closely resembling an infusory animalcule, but destitute of a 
mouth. One end soon conti*acts and attaches itself, however, so as 
to form a foot ; the other enlai-ges and opens to form a mouth, 
four tubercles sprouting around it which grow into tentacles ; whilst 
a slit in the midst of the central cells gives l ise to the cavity of the 
stomach. Thus a hydra-like polype is formed, which soon acquires 
many additional tentacles ; and this, according to the observations 
of Sir J. G. Dalyell on the H ydra-tuha^ which is the polype stage of 
the Chrysaora and other jelly-fish, leads in every important particular 
the life of a Hydra ; propagates like it by repeated gemmation, so 
that whole colonies are formed as ofisets from a. single stock ; and 
can be multiplied like it by artificial division, each segment develop- 
ing itself into a perfect Hydra. There seems to be no definite limit 
to its continuance in this state, or to its power of giving origin to 
new polype-buds ; but when the time comes for the development of 
its sexual gonozdoids, the polype (piits its original condition of a 
minute bell with slender tentacles (fig. 664), assumes a cylin- 
drical form, and elongates itself considerably ; a constriction or 
indentation is then seen around it, just below the ring which encircles 
the mouth and gives origin to the tenbicles ; and similar constrictions 
are soon repeated round the lower parts of the cylinder, so as to give 
to the whole body somewhat the appearance of a rouleau of coins ; 
a sort of fleshy bulb, a (fig. 664, II), .somewhat of the form of the 
original polype, being still left at the attached extremity. The 
number of cii cles is indefinite, and all are not formed at once, new 
constrictions appearing below, after the upper portions have been de- 
tiiched ; as many as thirty or even forty have thus been produced in 
one specimen. The constrictions then gradually deepen, so as to divide 
the cylinder into a pile of saucer-like borlies, the division being 

1 See Professor Claus, Untersuchungeniiher die Organisation undEntwichelmig 
(ler Medusen, Prague and Leipzig, 1883, and Miss Ida H. Hyde, ‘ Entwickelungs- 
geschichte einiger Scyphomedusen,’ in Zeitschr.f. iviss. ZOol. Iviii. p. 681. 
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most complete abov'e, and the upper discs usually presenting some 
increase in diameter ; and whilst this is taking place the edges of 
the discs become -divided into lobes, each lobe soon presenting the 
cleft with the supposed rudiinentaiy eye at the bottom of it, which 
is to be plainly seen in the detached Medusae (fig. 665, C). Up to 
this period, the tentacles the original polype surmount the highest 
of the discs ; but before the detachment of the topmost disc, this 
ciicle disjippears, and a new one is developed at the summit of the 
bulb which remains at the base of the pile. At last the topmost 
and largest disc begins to exhibit a. sort of convulsive struggle ; it 



Fio. 6()1. — I, two Il/jdru' tulur of Cij(niea 

capillafa, with two (o, />) uiiclergomg fission {Strobila -stage). 

II, a and h of fig, I tliree days later. In a the tentacles are 
<leveloped beneath the lowest of the Ephyrce, from the stalk 
of the Sfrohild, which will persist as a Hydra tube. (After 
Van Beneden.) 

becomes detached, and swims freely away ; and the same series of 
changes takes place from above downw'ards, until the whole pile of 
discs is detached and converted into free-swimming Medusae. But 
the original polypoid body still remains, and may return to its 
original polype-like mode of gemmation, becoming the progenitor of 
a new colony, every member of which may in its turn bud off a pile 
of Medusa discs. 

The bodies thus detached have all the essential chaiactei s of the 
adult Meclime. Each consists of an umbrella-like disc divided at 
its edge into a variable number of lobes, usually eight ; and of a 
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stomach, which occupies a considera))le proportion of the disc, and 
projects downwai’ds in the form of a proboscis, in the centre of which 
is the quadrangular mouth (fig. 665, A, B). As the animal advances 
towards maturity the intervals between the segments of the bordei’ 
of the disc gradually fill up, so that the divisions are obliterated ; 
tubular prolongations of the stomach extend themselves over the 
disc ; and from its borders there sprout forth tendril-like filaments 
which hang down like a fringe ni*ound its margin. From the four 
angles of the mouth, which, even in the youngest detached animal, 
admits of being greatly extended and protruded, prolongations are 
put forth, which form the four lai-ge tentacles of the adult. The 
young Medusfe are veiy voi'acious, and grow rapidly, so as to attain 



n 


Fig. 665. — Development of (!]i rf/'idora from Ht/dra f((h<( . A, 
detached individual viewed sideways, and enlarged, showing 
tlie proboscis and h the bifid lobes ; B, individual seen from 
above, showing the bifid lobes of the margin, and the (juadri- 
lateral mouth ; C, one of the bifid lobes still more enlarged, 
showing the rudimentary eye (‘^ at the bottom of the cleft ; 

D, grouj) of young Medusa', as seen sw'imming in the water, 
of the natural size. 

a very large size. The Oycuieieund Ohrysaoroi, which are common all 
round our coasts, often have a diameter of from six to fifteen inches ; 
while Rhizostoma sometimes reaches a. difimeter of from two to tlii ee 
feet. The quantity of solid matter, however, which their fabrics con- 
tain is extremely small. It is not until adult age has been attained 
that the generative organs make their appearance, in four chambers 
disposed around the stomach, which are occupied by plaited mem- 
branous ribbons containing sperm-cells in the male and ova in the 
female ; and the embryos evolved from the latter, when they have 
been fertilised by the agency of the former, repeat the exti'aordinaiy 
cycle of phenomena which has been now described, developing them- 
selves in the first instance into hydroid polypes, from which medusoids 
are subsequently budded off. 
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This cycle of phenomena is one of tliose to which the term ‘ alter- 
nation of generations^ was applied by Steenstriip/ who brought 
together under this designation a number of crises in which geneia- 
tion A does not produce a form resembling itself, but a difierent foi*m, 
B ; whilst generation B gives origin to a form which does not re- 
semble itself, but retiii ns to the form A, from which B itself sprang. 
It was early pointed out, however, by the Author ^ that the term 
‘ alternation of generations ’ do€*s not appropriately represent the 
facts eithei* of this case or of any of the other cjises grouped under 
the same category, tlie i-cal fact being that the two organisms, A 
and B, constitute two stages in tlie life-history of oiie generation, 
and the production of one form from the other being in only one 
instance by a truly generative or sexual act, whilst in the other it is 
by a process of gemniation or budding. Thus the Medasa^- of both 
orders (the ‘ naked-eyed ’ and the ‘ covei‘ed-eyed ’ of Forbes) are de- 
tacdied flower-buds, so to speak, of the hydi'oid zoophytes which bud 
them off, the zoophytic phase of life being the most conspicuous in 
such Thecata as (J ami pan alar iida and Sertalariida, whose Medusa- 
buds are of small size and simple conformation, and not unfrequently 
do not detach themselves as independent organisms ; whilst the 
Medusan phase of life is tlie most conspicuous in the ordinary Acalephs, 
their zoophytic stage l)eing passed in such obscurity as only to be 
detected by careful research. The Autlioi*’s \'iews on this subject, 
wliich were at first strongly contested by Professor E. Forbes and 
other eminent zoologists, have now come to be generally adopted.^ 

Actinozoa. — Of this group the common sea-anemones may be 
taken as types, constituting, with their allies, the order Zoantharia, 
or heliantlioid polypes, which have numerous tentacles disjiosed in 
several rows. Next to them come the Alcyonaria, consisting of 
those whose polypes, having always eight broad short tentacles, 
present a star-like aspect when expanded ; as is the case with various 
(composite sponge-like bodies, un[K)ssessed of juiy hard skeleton, which 
inhabit our own shores, and also with the red coral and the Tahqm'a 
of warmer seas, which have a stony skeleton that is internal in the 
first case and exteiaial in the second, as also with the sea pens and 
the Gorgoa/iie or sea-tans. A third order, Ragosa, consists of fossil 
corals, whose stony poly paries ai*e inteiaiiediate in chaiuctei* between 
those of the two preceding. And lastly, the Ctenophora, free-swim- 
ming gelatinous animals, many of which are bejiutifiil objects foi* 
the microscope, are by some zoologists ranked with the Actinozoa."^ 

Of the Zoanthai'ia the common Actinia or ‘ sea- anemone ’ may 
be taken as the type, tlie individual polypites of all the composite 
fabrics included in the gioup being constructed upon the same model. 
In by far the larger pi’oportion of these zoophytes, the bases of the 

' See his treatise on The Altci-natioii of Generotions, a translation of which has 
been published by the Ray Society. 

Brit, and For. Med. Chir. lieview^ vol. i. 1848, p. 192 et seq. 

5 Compare Huxley, Anatomij of Itwei'tebrated Aniiuah, p. 183 ; and Balfour, 
Comparative Embryology, i. p. 15i. 

Professor Haeckel, led by the study of Ctenaria rtenophora, associates the 
Ctenophora with the Hydrozoa (Sitzungsber. Jenaische Geselisrlaift, May 16, 1879). 

^ On the anatomy of Actinia and its allies, see O. and R. Hert wig’s monograph 
in vols. xiii. and xiv. of the Jenaische Zeitschrift. 
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polypites, as well as the soft flesh that connects together the members 
of aggregate masses, are consolidated by calcareous deposit into stony 
coi-als ; and the surfaces of these are beset with ‘ cells,’ usually of a 
nearly circular form, each having numerous verticiil plates or lamella'. 
radiating from its centre towards its circumfei*ence, which are 
formed by the consolidation of the lower portions of the I’adiating 
partitions that divide the space intervening between the stomach and 
the general integument of the animal into sepaiute chambers. This 
arrangement is seen on a large scale in the Fangia or ‘ mushroom- 
coral ’ of tropical seas, which is the stony base of a solitary anemone- 
like animal ; on a fai* smaller scale, it is seen in the little Caryo- 
phyllia^ a like solitary anemone of our own c*oasts, which is scarcely 
distinguishable from an Actinia by any other charactei* than the 
presence of this disc, and also on the sin face of many of those stony 
corals known as ‘ madrepoi es ; ’ whilst in some of these the indivi- 
dual polype-cells are so small that the lamellated arrangement can 
only be made out when they are considerably magnified. Portions 
of the surface of such corals, oi* sections taken at a small depth, are 
very beautiful objects for low powers, the former being viewed by 
reflected and the latter by transmitted light. And thin sections of 
various fossil corals of this gi*oup are very sti’iking objects for the 
lower powers of the oxy-hydrogen microscoj)e. An exceedingly use- 
ful method of preparing sections of corals has ])een devised by Dr. G. 
von Koch ; the corals with all their soft pai ts in plate are hardened 
in absolute alcohol, and then placed in a solution of copal in chloro- 
form. After thorough permeation they are taken out and dried 
slowly until the masses become (juite hard. These masses may now 
be cut into sections with a fine saw and rubbed down on a whetstone 
in the ordinary manner ; after staining, the sections may be mounted 
in Canada balsam. The gi*eat value of this method lies in the fact 
that by it the soft and hard parts ai*e letained in their proper rela- 
tions with each othei*.^ 

The chief point of intei est to the microscopist, howevei*, in the 
structure of these animals lies in the extraordinary abundance and 
high development of those ‘ filiferous ca})sules,’ or ‘ thread-cells,’ the 
presence of which on the tentacles of the hy<lT*oid polypes has been 
already noticed, and which are also to be found, sometimes sparingly 
sometimes very abundantly, in the tentacles suri-ounding the moutli 
of the Medusae, as well as on other j)arts of their bodies. If a 
tentacle of any of the sea-anemones so abundant on our coasts (the 
smallei* and more transparent kinds being selected in pi*eference) be 
cut off, and be subjected to gentle pressure between the two glasses 
of the aquatic box or the compressorium, multitudes of little dart- 
like organs will be seen to project themselves from its surface near 
its tip ; and if the pressure be gradually augmented, many ad<litional 
darts will every moment come into view. Not only do these organs 
present different forms in different species, but even in one and the 
same individual very sti'ongly marked diversities are shown, of 
which a few exfimples are given in fig. 666. At A, B, C, D is 
shown the appearance of the ‘ filiferous c^^psules,’ whilst as yet the 

1 See Zooluf/isrher Anzciger, i. p. 86; and Froc. Zhol. Sor. London, 1880, p. 24. 
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thread lies coiled up in theii- interior ; and at E, F, G H are seen 
a few of the most striking forms whicli they exhibit when the thread 
or dart has started forth. These thread-cells are found not merely in 
the tentacles and otliei* parts of a ^ 

the external integument of Ac- ^ 

tinozoa, but also in the long lila- /^\ (fit \ f 

ments which lie in coils within ] 

the chambers that surround the 

stomach, in contact with the 1^^ l|3Syl Jf 

sexual organs which are attaxdied f/ \ J 

to the lamelhe dividing the chain- W ^ 

hers. The latter sometimes con- 
tain ‘ sperm-cells ’ and sometimes 
ova, the two sexes being liere 

divided, not united in the same u ” 

individual. What can be the A 

office of the filiferous filaments J 

thus contained in the interior of ; M 

the body it is difficult to guess i M ,V ^ 

at. They are often found to pro- S fm ^ 

trude from rents in the external : 

tegument, when any violence has ^ 

been used in detaching the animal - ^ 

from its base; and when there is W 

no external rupture they are often ^ ' \/ )| 

forced through the wall of the f [ 

stomach into its cavity, and liiay J r /\ 

})e seen hanging out of the mouth. | ' / I 

The largest of these capsules, in y ] 

their unprotected state, are about ^ || 

3 ^ 7 , th of an inch in length ; while \ yl A 

the thread or dart, in Covi/nactis / \ \ \ 

Allmanni, when fully extended \ ' \ 

is not less than ^th of an inch, 

or thirty-seven times the haigth / 

of its capsule.^ 

Of the ^ 1 Icyonavia a character- \ 

istic example is found in the Alcy- 

oalum digitatum of our coasts ; Fkj. (MH;.— Filiferous capHules of Acii- 

a lobed sponge -like mass, CO vei‘e<l tiozim\ A, B, Conpiartis AUmnnni\ 

with a toinrh skin which is com- CanjoiAiuUia Smithii; D, G, 

witn a tougn SKin, wnicn is com Artnna rrassironiis; K, Artuua can- 

moldy known under the name ot dtda. 

' dead -man’s toes,’ oi* by the 

more elegant name of ‘mermaid’s fingers.’ When a specimen of 
this is first torn from the mck to which it has atbiched itself, it 
contracts into an unshapely mass, whose surface })resents nothing 

> See Mr. Gosse’s Nafnralisfs liamhles on the Devanshnr Coast, and Professor 
Miibius, ‘ Ueber den Ban u.s.w. der Nesselkapseln eiuiger Polypen und Quallen,’ in 
Ahhandl. Naiunv. Vereins zn Hamburg, Band v. 18bb. On the relations of stiaging 
cells to the nervous system, see Dr. v. Lendenfeld, Quart. Junrn. of Mirrosr. Sri. n.s. 
xxvii. p. 898. On the stinging cells of Cobdentera generally, see N. Iwanzoff in Bull. 
Snc. Moscow, 1896, pp. 95 and 8‘28. 
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but a series of slight depressions arranged with a certain regularity. 
But after being immersed for a little time in a jar of sea-water the 
mass swells out again, and from every one of these depressions an 
eight-armed polype is protruded, ‘ which resembles a flower of ex- 
quisite beauty and perfect symmetry. In specimens recently taken, 
each of the petal-like tentacula is seen with a hand-glass to be fur- 
nished with a row of delicately slender pinnce or filaments, fringing 
each margin, and arching onwards ; and with a higher power these 
pinna" are seen to be roughened throughout their whole length with 
numerous prickly rings. After a day’s captivity, however, the petals 
shi'ink up into short, thick, unshapely masses, rudely notched at their 
edges.’ (Gosse.) When a mass of this sort is cut into it is found 
to be channelled out somewhat like a sponge by ramifying canals ; the 
vents of which open into the stomachal cavities of the polypes, which 
are thus brought into free communication with each other, a cha- 
racter that especially distinguishes this order. A movement of fluid 
is kept up within these canals (as may be distinctly seen through 



FiCr. 667.— Spicules of Alcyonium Fig. 668.— A, spicules of Gorgonia guttata 

and Gorgonia. B, spicules of Muricea ehmgata. 


their transparent bodies) by means of cilia lining the internal surfaces 
of the polypes ; but no cilia can be discerned on their external sur- 
faces. The tissue of this spongy polypidom is strengthened through- 
out, like that of sponges, with mineral spicules (always, however, cal- 
careous), which are remarkable for the elegance of their forms ; these 
are disposed with great regularity around the bases of the polypes, 
and even extend part of their length upwards on their bodies. In 
the Gorgonia or sea-fan, whilst the central part of the polypidom is 
consolidated into a horny axis, the soft flesh which clothes this axis 
is so full of tuberculated spicules, especially in its outer layer, that, 
when this dries up, they form a thick yellowish or reddish incrusta- 
tion upon the horny stem. This crust is, however, so friable that it 
may be easily rubbed down between the fingers, and when examined 
with the microscope it is found to consist of spicules of different 
shapes and sizes, more or less resembling those shown in figs. 667, 668, 
sometimes colourless, but sometimes of a beautiful crimson, yellow. 
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or purple. These spicules are best seen by black-groimcl illumination, 
especially when viewed by the binoculai* mica-oscope. They are, of 



course, to be sepa- 
rated from the 
animal substance in 
the s«ame mannei- as 
the calcareous spi- 
cules of sponges ; 
and they should be 
mounted, like them, 
in Canada balsam. 
The spicules always 
possess an organic 
basis, as is proved 
1 )y the f act that 
when their lime is 
dissolved by dilute 
acid a gelatinous- 
looking residuum is 
left wdiicb preserves 
the form of the 
spicule. 

Th e C tev 0 ][>hora , 
or ‘ comb-bearers,' 
are so named from 
the comb-like ar- 
rangement of the 
rows of tiny 



Fig. 669. — 1. Euplokamis stationiSy with its tentacles Fro. e>10. — Bn'oe 
extended, about twice the natural size; mouth; r, Forskalii, show- 
ctenophoral plate ; ty tentacular api>aratus. (After Chun.) ing the ^ tubular 

2. Diagrammatic view of Hormiphora plumosay seen prolongations of 

from the aboral pole : c, as before ; tVy tentacular vessel ; the stomach. 

ppy polar plates. (After Chun.) 


‘ paddles ’ by the movement of which the bo<lies of these animals ai e 
propelled. A very beautiful and not uncommon representative of 
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this order is furnished by the Gydippe^ pileits (compare fig. 669), very 
commonly known as the Beroe^ which designation, however, propei'ly 
appertains to another animal (fig. 670) of the same grade of organisa- 
tion. The body of Gydippe is a nearly globular mass of soft jelly, 
usually about |ths of an inch in diameter, and it may be observed, 
even with the naked eye, to be marked by eight bright bands, 
which proceed from pole to pole like meridian lines. These bands 
are seen with the microscope to be formed of i-ows of fiattened 
filaments, far larger than ordinary cilia, but lashing the water in 
the same manner ; they sometimes act quite independently of one 
another, so as to give to the body every variety of motion, but 
sometimes work all together. If the sunlight should fall upon them 
when they are in activity, they display very beautiful iridescent 
colours. In addition to these ‘ paddles ’ the Gydippe is furnished 
with a pair of long tendi il-like filaments, l ising from the bottom of 
a pair of cavities in the posterior part of the body, and furnished 
with lateral branches ; within these cavities they may lie doubled up, 
.so as not to be visible externally; and when theyai*e ejected, which 
often happens quite suddenly, the main filaments first come forth, and 
the lateral tendrils sid:»sequently uncoil themselves, to be drawn in 
again and packed up within the cavities with almost equal sudden- 
ness. The mouth of the animal situated at one of the poles leads 
first to a quadrifid cavity bounded by four folds which seem to repre- 
sent the oral proboscis of the ordinaiy Medusae (fig. 664) ; and this 
leads to the true stomach, which passes towards the opposite ])ole, 
near to which it bifurcates, its branches passing towards the polai* 
.surface on either side of a little body which has every appearance of 
l^eing a nervous ganglion, and which is siu-mounted externally by a 
fringe-like apparatus that seems essentially to consist of sensory 
tentiicles.2 From the cavity of the stomach tubular prolongations 
pass off beneath the ciliated bands, very triuch as in the true Beroe. 
These may easily be injected with colouied liquids by the intro- 
duction of the extremity of a fine- pointed glass syringe into the 
mouth. The liveliness of this little ci*eature, which may sometimes 
be collected in large quantities at once by the stick-net. i*enders it a 
most beautiful subject for observation when due scope is given to its 
movements ; but for the sake of microscopic examination, it is of 
course necessary to confine these. Various species of tiaie Beroe 
some of them even attaining the size of a small lemon, are occasionally 
to be met with on our coasts, in all of which the movements of the 

1 More correctly Hormiphora 

^ It is commonly stated that the two branches of the alimentary canal open on 
the surfsLce by two pores situated in the hollow of the fringe, one on either side of the 
nervous ganglion. The Author, however, has not been able to satisfy himself of the 
existence of such excretory pores in the ordinary Cy(Uj)pe or BeroHj although he has 
repeatedly injected their whole alimentary canal and its extensions, and lias atten- 
tively watched the currents produced by ciliary action in the interior of the bifurcat- 
ing prolongations, which currents always appear to him to return as from csecal 
extremities. He is himself inclined to believe that this arrangement has reference 
solely to tilt nutrition of the nervous ganglion and tentacular apparatus, which lies 
imbedded (so to speak) in the bifurcation of the alimentary canal, so as to be able 
to draw its supply of nutriment direct from that cavity. 

5 On the anatomy of Beroe, see Eimer, Zbologhche St adieu a uf Ca p) i. 1. XJeher 
Beroe! ovatua, Leipzig, 1878. 
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body are effected by the like agency of paddles arranged in meridional 
bands. These are splendidly luminous in the dark, and the lumi- 
nosity is retained even by fragments of their bodies, being augmented 
by agitation of the water containing them. All the Ctmophora are 
reproduced from eggs, and are already quite advanced in their deve- 
lopment by the time they are hatched. Long before they escape, 
indeed, they swim about with gi*eat activity within the walls of their 
diminutive prison, their rows of locomotive paddles early attaining 
a large size, although the long flexile tentacles of Ctjdippe are then 
only short stumpy protuberances. By Ccdoplana and Cteiwplmia 
the Ctenophora appear to be allied to the Planarian Worms. ^ 

Those who may dtisire to acquire a more systematic and detailed acquaintance 
with the zoophyte group may be especially referred to the following treatises and 
memoirs, in addition to those already cited, and to the various recent systematic 
treatises on zoology Dr. Johnston’s History of British Zoophytes ; Professor Milne- 
Edwards’s ‘ Recherches sur les Polypes,’ and his ‘ Histoire des Corallaires’ (in the 
Slates d Bujfon), Paris, 1857 ; Professor Van Beneden, ‘ Sur les Tubulaires ’ and ‘ Sur les 
Campanulaires,’ in Mem. de VAcad. Roy. de Bruxelles., tom. xvii., and his ‘ Recherches 
sur I’Hist. Nat. des Polypes qui frequenteiit les Cotes de Belgique,’ op. cit. tom. 
xxxvi. ; Sir J. G. Dalyell’s Rare and Remarkable Animals of Scotland^ vol. i. ; 
Trernbley’s Me///, pour serxdr d Vhistoire d'ltn genre de Polype d'eau douce \ M. 
Hollard’s ‘Monographic du Genre Actinia* in Ann. des Sci. Nat. ser. iii. tom. xv. ; 
Professor Max Schultze, ‘On the Male Reproductive Organs of Camjxinularia yenicu- 
lata ’ in Quart. Journ. Micr. Set. vol. iii. 1855, x>. 59; Professor P. E. Schulze’s memoirs 
on Cordylophora lacustris, Leii>zig, 1871, and on Syneoryne, 1873 : Professor Agassiz’s 
beautiful monograph on American Medusie, forming the third volume of his Contri- 
butions to the Natural History of the United States of America; Mr. Hincks’s 
British Hydroid Zoophytes ; Professor Allman’s admirable memoirs on Cordylophora 
and Myriothela in the Phil. Trans, for 1853 and 1875; Professor Lacaze-Duthiers’s 
Hist. Nat. du Corail, Pans, 1864, and his essays on the Development of Corals, in 
vols. i. and ii. of the Archives de Zdol. experimentale ; Professor J. R. Greene’s 
Manual of the Suh-kinydom Ccelenterata, which contains abibliography very com- 
jilete to the date of its publication, and the articles ‘ Actinozoa,’ ‘ Ctenophora,’ and 
‘ Hydrozoa ’ in the supplement to the Natural History Division of the English Cyclo- 
piedia. The Ctenophora are s^iecially treated of in vol. iii. of Professor Agassiz’s 
Contributions to the Natural History of the United States. See also Professor 
Alex. Agassiz’s Seaside Studies in Natural History and his Illustrated Catalogue 
of the Museum of Comparative Zoology at Harvard, (JoUege; Professor James 
Clark in American Journal of Science, ser. ii. vol. xxxv. ji. 348; Dr. D. Macdonald in 
Trans. Roy. Soc Edinh. vol. xxiii. xi. 515 ; Mr. H. N. Moseley, ‘ On the Structure of 
a Species of Millepora,’ in Phil. Trans. 1877, p. 117, and ‘ On the Structure of the 
Sty luster idee,* ibid. 1878, p. 425 ; and on the AcalcjdKe, Professor Haeckel’s Beitrdge 
znr Natnrgeschichte der Hydromedusen ; the masterly work of the brothers Hertwig, 
Das Nervensystem and die Sinnesorgane der Mediisen, 1878 ; and the memoir of 
Professor Schafer, ‘On the Nervous System of Aurelia aurita,* in Phil. Trans. 1878, 
J). 568. Of later treatises Professor Ray Laiikester’s article on Hydrozoa, in the 9th 
edition of the Encyelopcedia Britannica; the Challenger* Reports oi Professor 
Allman on the Hydroida (Plumulariidie only). Professor Haeckel on the Medusae, 
Professor Moseley on Deep-sea Corals, Dr. R. Hertwig on the Actiniaria, Professors 
E. P. Wright and Studer on the Alcyonaria, and Mr. George Brook on the Antipatharia ; 
tlie monographs by Dr. A. Andres on Actinise and by Dr. C. Chun on Ctenophora, 
published in the Fauna uml Flora des Golfes von N cupel, should be consulted. 
Dr. Chun has made some progress with a general account of the Crelentera in Bronn’s 
‘ Thierreich,’ Bd. ii. Abth. 2. On fresh-water Medusa?, see Mr. R. T. Giinther 
in Quart. Journ. Micr. Sci. xxxvi. p. 284. 


^ Bee Korotneff, Zeitsehr. /, unss. ZboL xliii. p. 242, and Dr. A. Willey Quart. 
Journ. Micr. Sci. xxxix. x^. 323. 
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CHAPTER XVI 
KCHINODEEMA 

As wc ascend the scale of animal life, we meet with such a rapid 
advance in complexity of structure that it is no longer possible to 
acquaint oneself with any organism by mici*oscopic examination 
of it as a whole ; and the dissection or analysis which becomes 
necessjiry, in ordei' that eacli separate part may be studied in detail, 
belongs rather to the comparati^'e anatomist than to the ordinary 
microscopist. This is especially the case with the EchUias (sea- 
urchin), Asterias (star-fish), and other members of the class Echino- 
derma, of whose complex organisation even a general account 
would be quite foreign to the purpose of this work. Yet there are 
certain parts of their structui-e which fuinish mici'oscopic objects of 
such beauty and inter est that they cjannot by any means be passed 
by ; while the study of their embryonic forms, which can be pi*o- 
secuted by any seaside obsei’ver, brings into view an oi-dei* of fiicts 
of the highest scientific interest. 

It is in the structui*e of that calcareous skeleton whicli exists 
under some form in nearly every member of this class that the ordi- 
rurry microscopist finds most to interest him. This attains its highest 
development in the Echinoidea, in which it forms a box-like shell or 
‘ test,’ composed of numerous polygonal plates jointed to each other 
with gi’eat exactness, and beset on its external surface with ‘ sj)ines/ 
which may have the form of prickles of no gi'eat length, or may be 
stout club-shaped bodies, oi*, again, may be very long and slender 
rods. The intimate structure of the shell is everywhere tlie same ; 
for it is composed of a networh^ which consists of carbonate of lime 
with a very suaill quantity of animal matter as a basis, and which 
extends in every direction (i.e. in thickness as well as in length and 
breadth), its areolw or interspaces freely communicating with etich 
other (figs. 671, 672). These ‘ areolae,’ and the solid structure which 
surrounds them, may bear an extremely variable proportion one to 
the other ; so that in two masses of equal size the one oi* the other 
may greatly predominate ; and the texture may have either a re- 
markable lightness and jxjrosity, if the netwoi-k be a very open one, 
like that of fig. 671, or may possess a considerable degree of com- 
pactness, if the solid portion be strengthened. Generally speaking, 
the different layers of this network, which are connected together 
by pillars that pass from one to the other in a direction perpendicu- 
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lar to their plane, are so arranged that the perforations in one shall 
correspond to the intermediate solid structure in tlie next ; and their 
transparence is sucli that when we ai-e exjimining a section thin 
enough to contain only two or three such layervS, it is easy, by 
properly focussing the microscope, to bring either one of them into 
distinct view. From this very simple but very beautiful arrange- 
ment, it comes to pass that the plates of which the entire ^ test ’ is 
made up possess a very considerable degree of strength, notwith- 
standing that their porousness is such that if a portion of a fractured 
edge, or any other part from which tlie investing membmne has 
been removed, be laid upon fluid of almost any description, this will 
be rapidly sucked up into its subshince. A very beautiful example 
of the same kind of calcareous skeleton, having a, more regulai* con- 
formation, is furnished by the disc or ‘ rosette ’ which is contained 
in the tip of eveiy one of the tubular suckers put forth l)y the living 
Echinus from the ‘ ambulacral })ores ’ that ai-e seen in the rows of 



Pig. 671. -—Section of shell of Erhiino 
showing tlie calcareous network of 
which it is composed: a o, portions 
of a deeper layer. 



Fig. 672. — Transverse section of cen- 
tral portion of spine of Jleterocen^ 
frof?i8y showing its more open net- 
work. 


smaller plates intei*posed between the larger spine-beaiang plates of 
its box-like shell. If the entire di.sc he cut off, and be mounted 
when dry in Canada balsjim, the calcareous rosette may be seen 
sufficiently well ; but its beautiful structure is better made out when 
the animal membrane that incloses it has been got i*id of by boiling 
in a solution of caustic potass ; and the appearance of one of the 
five segments of wliich it is comjiosed, when thus prepared, is shown 
in fig. 674. 

The most beautiful display of this reticulated structure, however, 
is shown in the conformation of the ‘ spines ’ of Echinus, Oidaris, &c., 
in which it is combined with solid ribs or pillars, disposed in such a 
manner as to increase the strength of these organs, a regular and 
elaborate pattern being formed by their inteiinixture, which shows 
considerable variety in different species. When we make a thin 
transverse section of almost any spine belonging to the genus 
Echinus (the small spines of our British species, however, being 
exceptional in this respect) or its immediate allies, we see it to be 
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made up of a number of concentric layers, arranged in a manner that 
strongly reminds ns of the concentric rings of an exogenous tree 



Fig. — Traiisvc‘i*se section of spine of lu’Jiuiofurtrat 


(fig. 673). The number of these layers is extremely variable, de- 
pending not merely ujion the age of the spine, but (as will presently 

appear) upon the part of 
its lentil from which the 
section happens to be 
taken. The centre is 
usually occupied by a 
very o^jen network (fig. 
672) ; and this is bounded 
by a row of ti-ansparent 
spaces (like those at a 
h c c', &c., fig. 675), 
which on a cursory in- 
spection might be sup- 
posed to be void, but ai e 
found on closer examina- 
tion to be the sections of 
solid ribs or pillars, which 
run in the direction of the length of the spine, and form the exterior 
of every layer. Their solidity l>ecomes very obvious when we 



Fig. 674. — One of the segments of the calcareous 
skeleton of an ambulacral disc of Echinus. 
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either examine a section of a spine whose substance is pervaded (as 
often happens) with a colouring matter of some depth, or when we 
look at a very thin section by black-ground illumination. Around 
the innermost circle of these solid pillars there is another layer of 
the calcareous network, which again is surrounded by another circle 
of solid pillars ; and this arrangement may be repeated many times, 
as shown in fig. 675, the outermost row of pillars forming the 
pi’ojecting i*ibs that are commonly to be distinguished on the surface 
of the spine. Around the cup-shaped base of the spine is a membrane 
which is continuous with that covering the surface of the shell, and 
serves not merely to hold down the cup upon the tubercle over which 
it works, but also by its contractility to move the spine in any required 
direction. The increase in size of the spine appears to be due to the 
protoplasmic substance which fills up the spaces in the open netw ork 
of the spine and other skeletal structures. Each new formation 
completely ensheathes the old, not merely surrounding the part pre- 
viously formed, but also projecting considerably beyond it ; and thus 
it happens that the number of layers shown in a ti ansverse section 



Fx(!. 675. — Portion of trunsxerse Kection of Kpiiie of Hrtf rorentmfus 
7naminillatus. 


will depend in part upon the place of that section. For if it cross 
near the base, it will traverse every one of tlie successive layers from 
the very commencement ; wdiilst if it cross near the apex, it will 
traverse only the single layer of the last growth, notwithstanding 
that, in the club-shaped spines, this terminal portion may be of con- 
siderably larger diameter- than the basal ; and in any intermediate 
part of the spine, so many layers will be traversed as have been 
formed since the spine first attained that length. The basal portion 
of the spine is enveloped in a reticulation of a very close texture 
without concentric layers, forming the cup’ or socket which works 
over the tubercle of the shell. 

Their combination of elegance of pattern with richness of colour- 
ing renders well-prepared specimens of these spines among the most 
beautiful objects that the microscopist can anywhere meet with. 
The large spines of the various species of the genus IleterocentroUia 
furnish sections most remarkable for size and elabomteness, as well' 
as for depth of colour (in which last point, however, the deep purple 
spines of Echinus lividus are pre-eminent) ; but for exquisite 


888 


ECHINODERMA 


neatness of pattern there are no spines that can approach those 
of Echhimmtra (fig. 673). The spines of Stomopnemtes variolar is 
are also remarkable for their beauty. No succession of c.oncentric 
layers is seen in the spines of the British Echini^ probably be- 
cause (according to the opinion of the late Sir J. (1. Daly ell) these 
spines are aist off and renewed every year, each new formation 
thus going to make an entire spine, instead of making an addition 
to that previously existing. Most curious indications are some- 
times aftbrded by sections of Echinus-spines of an extraordinary 
power of reparation inherent in these bodies. For irregularities 
are often seen in the tiansveise sections which can be accounted 
fi)r in no other way than by supposing the spines to have received 
an injury when the irregular part was at the exterior, and to 
have had its loss of subshince supplied by the growth of new 



Fig. 676. Transverse section of a spine of Gonioricfaris porigera^ 
wliicli shows that the prickles on the spine are formed, not by the 
crust only, but also by the inner reticular tissue. (From Bell.) 


tissue, over which the subsequent layers have been formed as usual. 
And sometimes a peculiar ring may be seen upon the surface of a 
spine, which indicates the place of a complete fracture, all beyond 
it being a new growth, whose unconformableness to the older or 
basal portion is clearly shown by a longitudinal section.^ The spines 
of Gidaris present a marked departure from the plan of structure 
exhibited in Echinus ; for not only are they destitute of concentric 
layers, but the calcaieous network which forms their principal 
substance is incased in a solid calcareous sheath perforated with 
tubules, which seems to take the place of the separate pillai s of the 
Echini. This is usually found to close in the spine at its tip also ; 

* See the Author s description of such reparations in the Monthly Microscopical 
Jowmaly vol. iii. 1870, p. 226. 
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Hiid thus it Would appear that the entire spine must be formed at 
once, since no addition could be made either to its length or to its 
diameter, save on the outside of the sheath, where it is never to be 
found. The sheath itself often rises up in prominent points or 
ridges on the surface of these spines ; but, .as is shown in fig. 676, 
the I'eticular portion may h.ave a shai*e in the formation of the rings. 
This view of the mode of formation of the Oidarid spine is con- 
tested by Professor JefFi*ey Bell, who has bi'ought forward ^ evidence 
to show that if two spines of diftei’ent sizes be taken from two 
examples of Gidarls inetalaria^ also difiering in size, the quantity of 
solid calcareous sheath seen in transverse section is proportionately 
less in the larger than in the smaller spine ; from this he concludes 
that the growth is due to the internal reticulated poi‘tion rather 
than to the outer crust. The slender, almost filamentary spines 



of S'patmiyus (fig. 677) and the innumerable minute hair-like pro- 
cesses attached to the shell of Clypeaster are composed of the like 
regulai’ly reticulated substance ; ^ and these aie very beautiful objects 
for the lower powers of the microscope, when laid upon a black 
ground and examined by reflected light without any fui’ther prepara- 
tion. It is interesting also to find that the siime stincture presents 
itself in the curious Pedicellariai (forceps-like bodies often mounted on 
long stalks), which are found on the surface of many Echinida and 
Asterida, and the nature of which was formerly a source of much 
perplexity to naturalists, some having maintained that they were 
parasites, whilst others considered them as proper appendages of the 
Echinus itself. The complete conformity which exists between the 
structure of their skeleton and that of the animal to which they are 
attached removes all doubt of their being truly appendages to it, as 
observation of their actions in the living state would indicate.^ 

1 .7owm. Boy. Microsc. Soc. 1884, p. 845. . ,-r w ivr \ u 

^ A number of rare spines are described and figured by Prof. H. W. M^kintosn 
in vols. xxvi. (p. 475) and xxviii. (pp. 241 and 259) of the Traris. Boy. Irish Acaa^my. 

^ Prof. Alex. Agassiz has shown the relations of the Pedicellan® to the smne^ 
Much information regarding the various forms of these curious bodies will be found 
in Professor Perrier’s memoir in the Ann. Sc. Nat. (6), vols. xii. and xiii. ; Mr Sladen 8 
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Another example of the same structure is found in the peculiar 
framework of plates which surrounds the interior of the oral orifice 
of the shell, and which includes the five teeth that may often be seen 
projecting externally through that orifice, the whole forming what 
is known as the ‘ lantern of Aristotle/ The texture of the plates 
or jaws resembles that of the shell in every respect, save that the 
network is more open ; but that of the teeth differs from it so widely 
as to have been likened to that of the bone and dentine of vertebrate 
animals. The careful investigations of Mr. James Salter,^ however, 
have fully demonstrated that the appearances which have suggested 
this comparison are to be otherwise explained, the plan of structure 
of the tooth being essentially the same as that of the shelly although 
greatly modified in its working out. The complete tooth has some- 



Fio. 678. — Structure of the tooth of Echnms ; A, vertical section, showing 
the form of the apex of the tooth as produced by wear, and retained by 
the relative hardness of its elementary parts; o, the clear condensed axis; 
hf the body formed of jilates ; c, the so-called enamel ; d, the keel. B, 
commencing growth of the tooth, as seen at its base, showing its two sys- 
tems of plates ; the dark apiiearance in the central portion of the upper 
part is produced by the incipient reticulations of the flabelliform processes. 

C, transverse section of the tooth, showing at a the ridge of the keel ; at b 
its lateral portion, resembling the shell in texture ; at c c, the enamel. 

what the foimi of that of the fioiit tooth of a rodent, save that its 
concave side is strengthened by a pi-ojecting ‘ keel,’ so that a trans- 
verse section of the tooth presents the foi*m of a j_. This keel is 
composed of cylindrical rods of carbonate of lime, having club-shaped 
extremities lying obliquely to the axis of the tooth (fig. 678, A, d ) ; 
these rods do not adhere very firmly together, so that it is difficult 
to keep them in their places in making sections of the part. The 

essay in Ann. and Mag. Nat. Hist. (5),vi. p. 101 ; and M. Poet tinger’s paper in vol. ii. 
p. 466 of the Archives de Biologic. 

1 See his memoir, ‘ On the Structure and Growth of the Tooth of Echinus,’ in 
Phil. Trans, for 1861, p. 387. See also Giesbrecht, ‘ Der feinere Bau der Seeigel- 
zahne/ Morph. Jahrbuch, vi. p. 79. 
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convex surface of the tooth (c, c, c) is covered with a firmer layer, 
which has received the name of ‘enamel.’ This is composed of 
shorter rods, also obliquely arranged, but having a much more 
intimate mutual adhesion than we find among the rods of the keel. 
The principal part of the substance of the tooth (A, h) is made up of 
what may be called the ‘ primary plates/ These are triangular plates 
of calcareous shell-substance, arranged in two series (as shown at 
B), and constituting a soi t of frame woi'k with which the othei* parts 
to be presently described become connected.. These plates may be 
seen by examining the gi*owing base of an adult tooth that has 
been preserv ed with its attached soft parts in alcohol, or (which is 
preferable) by examining the base of tlie tooth of a fresh specimen, 
the minuter the better. The lengthening of a tooth below, as it 
is worn away above, is mainly eiSected by the succ'essive addition of 
new ‘ primary plates.’ To the outer edge of the primaiy plates at 
some little distance from the base we find attaclied a set of lappet- 
like appendages, which are formed of similai* plates of calcareous 
shell-substance, and are denominated by Mr. Saltei* ‘secondary 
plates.’ Another set of appendages termed ‘ flabelliform processes’ 
is added at some little distance from the growing base ; these consist 
of elaborate reticulations of calcareous fibres, ending in fan -shaped 
extremities. And at a point still further from the base we find the 
(lifterent components of the tooth connected together by ‘ soldering 
pfirticles,’ which are minute calcareous discs intei posed between the 
previously formed structures ; and it is by the increased develop- 
ment of this connective substance that the iiiteivening sjjac^es are 
narrowed into the semblance of tubuli like those of bone or dentine. 
Thus a vertical section of the tooth comes to present an appearance 
very like that of the hone of a vertebnite aninril, with its lacume, 
canaliculi, and lamella ; but in a timisverse section the body of the 
tooth bears a stronger resemblance to dentine ; whilst the keel and 
enamel layer more resemble an oblique section of Pinna than any 


other form of shell-structure. 

The calcareous plates which form the less compact skeletons of 
the Asteroidea (‘star-fish ’ and their allies) and of the Ophinroidea 
(‘sand-stars’ and ‘ brittle stars’) have the same texture as those of 
the shell of Echinus. And this 
presents itself, too, in the spines or 
prickles of their surface when 
these (as in the great Goni aster 
e<2n,est7'is or ‘ knotty cushion-star ’) 
are large enough to be furnished 
with a calcaieous framework. An 
example of this kind, furnished by 
the A atrophy ton, is represented in 
fig. 679. The spines with which 
the arms of the species of Ophiothrix 
(‘ brittle star ’) are beset are often 
remarkable for their beauty of conformation ; those of (>. penta- 
phylluni, one of the most common kinds, might serve (as Pi ofassor 
E. Forbes justly remarked), in point of lightness and bejiuty, as 



Fig. 679. 


-Calcareous plate and claw 
of Abtroohytan. 
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models for the spire of a cathedral. These are seen to the greatest 
advantage when mounted in Canada balsam, and viewed by the 
binocailar microscope with black -ground illumination. It is inter- 
esting to remark that the minute tooth of OpJiiothriv cleai*ly exhibits, 
with scarcely any preparation, that gradational ti*ansition between 
the ordinary reticular structure of the shell and the pecmliai* sub- 
stance of the tooth which in the adult tooth t)f the EcJdnus can 
only be traced by making sections of it near its base. The tooth of 
Ophiothrix may be movnited in balsam as a transparent object with 
scarcely any grinding down ; and it is then seen that the basal poi*- 
tion of the tooth is formed upon the open I’eticular plan cha,i*acteristic 
of the ‘ shell,’ whilst this is so modified in the older portion by sub- 
sequent addition that the upper part of the tooth has a bone-like 
chai'actei*. 

The calcareous .skeleton is very highly developed in the (Jrinoidea, 
their stems and branches being made up of a, calcareous network 
closely resembling that of the shell of the Echinus. This is extremely 
well seen, not only in the recent PenUicrinus asteritis, a somewhat l are 
animal of the West Indian seas, but also in a lai-ge propoition of 
the fossil crinoids, whose remains are so abundant in many of the 
older geological formations ; for, notwithstanding that these bodies 
have been penetrated in the act of fossilisation by a mineral infiltiu- 
tion, which seems to have substituted itself for the original fabrics 
(a regularly oiystalline cleavage being commonly found to exist in 
the fossil stems of Encrinites, tfec., as in the fossil sjnnes of Echinida), 
yet their organic structure is often most perfectly preserved.^ In 
the circular stems of Eim*inites the textui*e of the calcareous net- 
work is uniform, or nearly so, throughout ; but in the pentangular 
Pentacrhd a cei'tain figure or [lattern is foi jned by valuations of 
texture in difterent pai*ts of the transvei'se section.^ 

The minute structure of the shells, spines, and other solid parts 
of the skeleton of Echinoderma can only be displayed by thin 
sections made upon the general plan already described in Chapter VII. 
But their peculiar texture requires that certain precautions should 
be taken : in the first place, in order to prevent the section from 
breaking whilst being reduced to the desii-able thickness ; and in 
the second, to prevent the interspaces of the netwoi*k from being 
clogged by the particles abi’aded in the reducing proc^ess. An illus- 
tration of a section cut from a spine of Echinmnetra is given in 
fig. 673. A section of the shell, spine, or other portion of the 
skeleton should first be cut with a fine saw, and be rubbed on a flat 
jlle until it is about as thin as ordinary card, after which it should 
be smoothed on one side by friction with water on a Water-of-Ayr 


^ The calcareous skeleton even of living Echinoderms has a crystalline aggregation, 
as is very obvious in the more solid spines of Erhinoinetrcey (fee. ; for it is difficult, in 
sawing these across, to avoid their tendency to cleavage in the oblique plane of 
calcite. And the Author is informed by Mr. Sorby that the calcareous deposit which 
fills up the areolee of the fossilised skeleton has always the same crystalline system 
with the skeleton itself, as is shown not merely by the uniformity of their cleavage, 
but by their similar action on polarised light. 

2 See figs. 74-76 of the Author’s memoir on ‘ Shell Structure ’ in the Report of 
the British Association^ 1847. 
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itone. It should then, after careful washing, be dried, first on white 
dotting-paper, afterwards by exposure for some time to a gentle 
leat, so that no watei* may be i*etained in the interstices of the net- 
vork which would op}K)se the complete penetration of the Catiada 
)alsam. Next, it is to be attached to a glass slip by balsam hardened 
n the usual manner ; but particular care should be taken, first, that 
bhe balsam be bi'ought to exactly the right degi*ee of hardness, and 
second, that thei-e be enough not merely to attach the specimen to 
the glass, but also to satuivite its substance throughout. The right 
ilegive of hardness is that at which the balsam can be with difficulty 
indented })y the thumb-nail ; if it be made luirder than this, it is 
Apt to chip oft* the glass in grinding, so that the specimen also bleaks 
away ; and if it be softer, it holds the abraded particles, so that 
the openings of the network become clogged with them. If, when 
rubbed down nearly to tlu‘ lequired thinness, the section appears to 
be uniform and satisfactory throughout, the induction may be com- 
pleted without displacing it ; but if (as often happens) some inequality 
in thickness sliould be observable, or some minute air-bubbles should 
show tliemselves between the glass and the undei* surface, it is de- 
sirable to loosen the specimen by the application of just enough heat 
to melt the lialsam (s[»eclal care being taken to avoid the production 
of fresh air-bubbles) and to turn it over so as to attach the side 
hist polished to the glass, taking care to I'emove or to break with 
the needle })oint any air- bubbles that there may be in the balsam 
covering the i)art of the glass on which it is laid. The surface now 
brought uppermost is then to be very carefidly ground down, 
special care being taken to kee[) its thi(;kness uniform through every 
part (whicli may be even better judged of by the touch than by the 
eye), and to carry the 1‘educing process far enough, without carrying 
it too far. Until practice shall have enabled tli(‘ ojierator to judge 
of this by passing his finger over the specimen, he must have con- 
tinual recourse to the micros(*ope during the latter stages of his 
work ; and he should bear constantly in mind that, as the specimen 
will become much moi e translucent when mounted in balsiim and 
covered with glass than it is when tlie ground surface is exposed, he 
need not carry his reducing process so far as to produce at once the 
entire ti'ansl licence he aims at, the attempt to accomplish which 
would involve the risk of the destruction of the specimen. In 
‘ mounting ' the s[)ecimen liquid balsam should be employed, and 
only a very gentle heat (not sufficient to produce air-bubbles or to 
loosen the specimen fi om the glass) should be applied ; and if, aftei* 
it has been mounted, the section should be found too thick, it will 
be ejisy to remove the glass cover and to reduce it further, cai‘e being 
taken to harden to the proper degi*ee the balsam wdiich has been 
newly laid on. 

If a number of sections are to be prepared at once (wdiich it is 
often useful to do for the sake of economy of time, or in order to 
compare sections taken from difiTerent parts of the same spine), this 
may be most readily accomplished by laying them down, when cut 
oft* by the saw, wdthout any preliminary prepaiation save the blow- 
ing of the calcareous dust fixim their surfaces, upon a thick slip of 
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glass well covered with hardened balsam ; a large proportion of its 
surface may thus be occupied by the sections attached to it, the 
chief precaution required being that all the sections come into 
equally close contact with it. Their surfac;es may then be brought 
to an exact level by rubbing them down, first upon a flat piece of 
grit (which is very suitable for the rough grinding of such sections) 
and then upon a large Water-of-Ayr stone whose surface is ‘ true.’ 
When this level has been attained the ground surface is to be well 
washed and dried, and some balsam previously hardened is to be 
spread over it, so as to be sucked in by the sections, a moderate heat 
being at the same time applied to the glass slide ; and when this 
has been increased sufliciently to loosen the sections without over- 
heating the balsam, the sections are to be turned over, one by one, 
so that the yround surfaces are now to be attached to the glass slip, 
special ciire being taken to press them all into close contact with it. 
They are then to be very carefully rubbed down, until they aie 
nearly reduced to the requii ed thinness ; and if, on examining them 
from time to time, their thinness should be found to be uniform 
throughout, the reduction of the entire set may be completed at once ; 
and when it has been carrie<l sufficiently far, the sections, loosened by 
warmth, are to be taken up on a cainel-haii* brush dipped in turpen- 
tine and transferred to separate slips of glass whereon some liquid 
balsam has been previously laid, in which they are to be mounted in 
the usual manner. It more frequently happens, however, that, not- 
withstanding every care, the sections, when ground in a number 
together, are not of uniform thickness, owing to some of them being 
underlain by a thicker stratum of balsam than others ; and it is 
then ne^^essary to ti'ansfer them to separate slips before the reducing 
process is completed, attaching them with hardened balsam, and 
finishing each section separately. 

A very curious internal skeleton, formed of detached plates oi- 
spicules, is found in many members of this class, often foi ming an 
investment like a coat of mail to some of the viscera, especially the 
ovaries. The foi*ms of these plates and spicules are geneially so 
<li verse, even in closely allied species, as to aftbrd very good difter- 
ential characters. This subject is one that has been as yet but very 
little studied, Mi*. Stewart being the only micioscopist who has given 
much attention to it,^ but it is well worthy of much more extended 
research. 

It now remains for us to notice the ciu ious and often very beau- 
tiful structures wliicli represent, in the class Holoihiirioidea^ the solid 
calcareous skeleton of the classes already noticed. The greater 
number of the animals belonging to this order are distinguished by 
the flexibility and absence of firmness of their envelopes ; and ex- 
cepting in the case of the various species which have a set of cal- 
cai eous plates, disposed around the wall of the pharynx, we do not find 
among them any representation, that is apparent to the unassisted 
eye, of that skeleton which constitutes so distinctive a feature of the 

^ See hifi memoir in the Linnmn Transactions^ xxv. p. 865; see also Bell, 
Journ. Jioy. Micronc. Son. 1882, j). 227. 
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class generally.^ But a microscopic examination of their integument 
at once brings to view the existence of great numbers of minute 
isolated plates, every one of them presenting the characteristic re- 
ticulated structure, which are set with greater or less closeness in 



Pjg. 680. — Holothurioidea : StirhojUis Kpfersteinii\ r/, calcareous 

plate of same; c, calcareous plates of Holothiiria vagahunda ; 

the same of H. inhahilis; c, the same of H. hotelUis; f, of H. 
parddUs: cp of H. edulis. 


the substance of the skin. Various forms of the plates which thus 
present themselves in Ilolothnria are shown in fig. 680. ^ In the 
Hynapta^ one of the long-bodied forms of this order, which abounds 
in the) Mediterranean 8ea, and of whicli two species (the /S^. digitata 


ABC 



Fiti. 6H1. — Calciireous skeleton of Sgnapta : A, plate imbedded in 
skin ; B, the same, with its anclior-like spine attached ; C, anchor- 
like spine se^iarated. 

and S. Inhcerens) occ^asionally (x^cur upon our own coasts,^ tlie cal- 
careous plates of the integument liave the regular form shown at A, 
fig. 681 ; and each of these carries the curious anchor-like appendage, 
C, which is articulated to it by the notched piece at the foot, in the 

* For an account of a very remarkable form see Moseley ‘ On the Pharynx of an 
unknown Holothurian, of the family Dendrochirotoe, in which the calcareous skeleton 
is remarkably developed,’ Quart. Joiirn. Microsr. Sci. n.s. xxiv. p. 255. 

^ For figures of the spicules of British Holothurians, see Bell, Catalogue of the 
British Echiiwdenns., London, 1892, pis. i.-vi. 

•” ‘ On the spicules of Sgnaptay together with some general remarks on the archi- 
tecture of Echinoderm spicules,’ consult R. Semon, Mitth, Zdol. Stat. Neapely vii. 
p. 272. An excellent summary of our knowledge of the spicules of Holothurians is 
given V)y Prof. Ludwig in liis volume in Bronn’s Thierreichy pp. .S5-61. 
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manner shown (in side view) at B. Tlie anchor-like appendages 
project from the surface of the skin, and may be considered as re- 
presenting the spines of Echinida. Nearly allied to the Synapta is 
the Chiridota, the integument of which is entirely destitute of 
‘ anchoi s,’ but is furnislied with very remarkable wheel-like plates ; 
those represented in fig. 082 are found in the skin of Chiridota 
violaceuy a species inhabiting the western parts of the Indian Ocean. 
These ‘ wheels ^ are objects of singular beauty and delicac}', being 
especially remarkable foi- the veiy minute notching (scarcely to bo 
discerned in the figure without the aid of a magnifying glass) which 
is traceable round the innei* margin of their ‘ tires.’ Thei'e can be 
scarcely any reasonable doubt that almost every member of this class 
has some kind of calcareous skeleton disposed in a manner confoi iu- 
able to the examples now cited ; and it is now generally acknow- 
ledged that the marked peculiarities by which they are respectively 
distinguished are most useful in the determination of genera and 
species.^ The plates may be obtained separately by the usual 

metliod of treating the skin 
with a solution of potass, and 
they should be mounted in 
Canada balsam. But their Jjosi- 
tion in the skin can only be 
ascertained by making sections 
of the integument both vertical 
and parallel to its surface ; and 
these sections, when dry, ai*e 
most advantageously mounted 
in the same medium, by which 
their transparence is greatly increased. All the objects of this class 
are most beautifully displayed by the black -ground illumination, and 
their solid forms are seen with increa.sed effect under the binocular. 
The black-ground illumination applied toverfjtJhin sections of Echinus 
spines brings out some effects of mai-vellous beauty ; and even in these 
the solid form of the network connecting the |)illars is better seen 
with the binocular than it can be with the ordinary microscoj)e.^ 
Echinoderm Larvae. — We have now to notice that most remark- 
able set of objec^ts furnished to the microscopic inquirer by the larvcd 
states of this class ; foi* our first knowledge of which we were in- 
debted to the painstaking and widely extended investigations of 
Professor J. Miillei*.'^ All that our limits permit is a notice of two of 
the most curious forms of these larvie by way of sample of the won- 

1 No systematic account of a species of Holothiirian can be regarded as complete 
which does not contain an account of the form of its spicules, when these are present. 
Figures of various forms will be found in Professor Semper’s Reisen i tn Archqjel dor 
Philippinen : Holothurien, Dr. Theers ChaUrvgei'' lifports, and the memoirs of 
Professors Bell, Ludwig, and Selenka. 

* It may be here poiiited out that the reticulated api^earance is sometimes de- 
ceptive, what seems to be solid network being in many instances a hollow network 
of passages chamielled out in a solid calcareous substance. Between these two con- 
ditions, in which the relation between the solid framework and the intervening space 
is completely reversed, there is every intermediate gradation. 

3 Of later works consult especially the * Selections from Embryological Mono- 
graphs, ii. Echinodermata,’ edited by Mr. A. Agassiz, in vol. ix. of the Memoirs of the 
Museum of Comparative ZiUdogg^ 



Fig. 682 .— Wheel-like plates from skin of 
Chiridota violaceot 
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derful phenomena which his researches brought to light, and to which 
the attention of microscopists who have the opportunity of studying 
them should be the more assiduously directed, as even the most deli- 
cate of these organisms have been found ciipable of such perfect 
preservation as to admit of being studied, when mounted as pre- 
parations, even better than when alive. The larval zdoids have, by 
secondary adaptations to their mode of life, acquired a type quite 
different from that which characterises the adults ; for instead of a 
radial symmetry they exhibit a hilaUral, the two sides being pie- 
cisely alike, and each having a. ciliated fringe along the greater part 
or the whole of its length. The 

two fringes are united by a j 

superior and an inferior trans- 

verse ciliated band, and be- wSl 

tween these two the mouth of » 

the zdoid is always situated. 

The external forms of tliese 

larvae, however, vary in a most 

remarkable degree, owing to the 2)/)/) 

unequal evolution of their dif- 

ferent parts; and there is also J/ j P y 

a considerable diversity in the Ij | j 

several ordei*s as to the proper- I ^ 

tion of the fabric of the larva, ^ ‘vV 

which enters into the compo- 

sition of the adult form. When 

the young begins to acquire the \ K ^ ^ 

chai’acters of the fully developed ^ / 

star-bsh and sea-urchin, the / 

parts which ai*e not retained \ ^ 

shrivel up, and their substance 

goes to feed the young form. Fki, CSJi . — Bipinnarni nstrrigern, or larva 

One of the most remarkable of star fish: «, month; n\ resophaj^us; 
forms of Echinoderm lai’vte is intestinal tube and anal orifice ; c furrow 
, , , T_ . 1 , * 10-1 which the mouth is situated ; a a\ bi- 

that which has received the lobed peduncle; 1 , 2 , 3, 4, 5,0, 7, ciliated 
name of Bipinnaria (fig. 683), arms, 
from the symmetrical ariange- 

ment of its natatory organs. The mouth (a), which opens in the 
middle of a transverse furrow, leads thrciugh an oesophagus, a', to a 
large stomach, aiound whicli the body of a star-fish is developing 
itself; and on one side of this mouth are observed the intestinal 
tube and anus (6). On either side of the anterior portion of the 
body are six oi* more narrow fin-like appendages, which are fringed 
with cilia ; and the posterior part of the body is prolonged into 
a sort of pedicle, bilobed towards its extremity, which also is 
covered with cilia. The organisation of this larva seems completed, 
and its movements through the water become very active, before 
the mass at its anterior extremity presents anything of the aspect of 
the star-fish, in this respect corresponding with the movements of 
the Pluteus of the Echinoidea. The temporary mouth of the larva 
does not remain as the permanent mouth of the star-fish ; for the 

3 M 


Fki, — Bipinnarni nstrrigern, or larva 

of star-fish : «, mouth; o', resophaj^us ; 
intestinal tube and anal orifice ; c, furrow 
in which the mouth is situated ; cl (1\ bi- 
lobed peduncle; 1, 2, 3, 4, 5, (>, 7, ciliated 
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cesophagus of the latter enters on what is to become the dorsal side of 
its body, and the true mouth is subsequently formed by the thinning 
away of the integument on its ventral surface. The young star-fish 
is separated from the Bipinnarian larva by the forcible contractions 
of the connecting stalk, as soon as the calcareous consolidation of its 
integument has taken place and its true mouth has been formed, but 
long before it has attained the adult condition ; and as its ulterioi* 
development has not hitherto been observed in any instance, it is not 
yet known what are the species in which this mode of evolution 
prevails. The larval zooid continues active for several days after its 
detachment ; and it is possible, though perhaps scarcely probable, 
that it may develop another asteroid by a repetition of this process 
of gemmation. 

In the Bipinnaria, as in other larval zooids of the Asteroidea, 
there is no internal calcareous framework ; such a framework, how- 
ever, is found in the larvae of the Echinoidea and Ophinroidea^ of 
which the form delineated in fig. 684 is an example. The embryo 
issues from the ovum as soon as it has attained, by repeated ‘ seg- 
mentation ’ of the yolk, the condition of the ‘ mulberry-mass,’ and 
the superficial cells of this are covered with cilia by whose agency 
it swims freely through the water. So rapid are the early processes 
of development that no more than from twelve to twenty- foui- 
hours intervene between fecundation and the emersion of the embryo, 
the division into two, four, or even eight segments taking place 
within three hours after impregnation. Within a few hours after 
its emersion the embryo changes from the spherical into a sub- 
pyramidal form with a flattened base ; and in tlie centime of this 
base is a depression, which gradually deepens, so as to form a mouth 
that communicates with a cavity in the interior of the body which 
is surrounded by a portion of the yolk -mass that has returned to the 
liquid granular state. Subsequently a short intestinal tube is found, 
with an anal orifice opening on one side of the body. The pyramid 
is at first triangular, but it afterwards becomes quadrangular ; and 
the angles are greatly prolonged round the mouth (or base), whilst 
the apex of the pyramid is sometimes much extended in the opposite 
direction, but is sometimes rounded off into a kind of dome (fig. 
684, A). All parts of this curious body, and especially its most 
projecting portions, are strengthened by a framework of thread-like 
calcareous rods (c?). In this condition the embryo swims freely 
through the watei*, being propelled by the action of the cilia, which 
clothe the four angles of the pyrainicl and its projecting arms, and 
which are sometimes thickly set upon two or four projecting lobes 
(y) ; and it has received the designation of PhitfMS, The mouth is 
usually surrounded by a sort of proboscis, the angles of which are 
prolonged into four slender processes {g, g, g^ g), shorter than the four 
outer legs, but furnished with a similar calcareous framework. 

The first indication of the production of the young Echinus from 
its ‘ pluteus ’ is given by the formation of a circular disc (fig. 684, 
A, c) on one side of the central stomach (b) ; and this disc soon 
presents five prominent tubercles (B), which subsequently become 
elongated into tubular processes, wluch will form the ‘sucking- 
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feet ’ of the adult. The disc gradually extends itself over the stomach, 
and between its tubules the rudiments of spines are seen to protrude 
(D) ; thase, with the tubules, increase in length, so as to ^u'oject against 
the envelope of the pluteus, and to push' themselves through it ; whilst, 
at the same time, the original angulai* appendages of the pluteus 
diminish in size, the 

ciliary movement be- -A. 

comes less active, being 
superseded by the action 
of the suckers and spines, 
and the mouth of the 
pluteus closes up. By 
the time that the <lisc 
has gi*own over half of 
the gastric sphere, very 
little of the pluteus re- 
mains, exce])t some of 
the slender calcareous 
rods, and the number 
of suckers and spines 
rapidly increases. The 
calcareous framework of 
the shell at first consists, 
like that of the star- 



fishes, of a series of 
isolated networks de- 
veloped between the 
cirrhi, and uj)on these 
rest the first formed 
spines (D). But they 
gradually become more 
t^onsolidated, and extend 
themselves over the 
graiiulai- mass, so as to 
form the series of plates 
constituting the shell. 
The mouth of the Echi- 
nus (which is altogether 
distinct from that of the 
pluteus) is formed at 
that side of the granulai* 
mass over which the 
shell is last extended ; 
and tlie first indication 
of it consists in the ap- 
pearance of the five cal- 


I) 



Fig. 684. — Embryonic development of Echinus : A 
Pin feus larva at the time of the firnt appearance 
of the disc ; mouth, m tin* midst of the four- 
pronged proboscis ; 6, stomach ; r, Echinoid disc ; 
(I, fl^ (I, (I, four arms of the pluteus-body ; c, cal- 
careous framework ; /, ciliated lobes ; g, 

ciliated processes of the proboscis ; B, disc with 
the first indication of the sucking-feet *, C, disc, 
with the origin of the spines between the tubular 
sucking-feet ; D, more advanced disc, with the feet, 
g, and sinnes, £C, proiecting considerably from the 
surface. (N.B. — In B, C, and D, the Pluteus is not 
represented, its parts having undergone no change, 
save in becoming relatively smaller.) 


careous conci etions, which are tlie summits of the five portions of 
the framework of jaws and teeth that surround it. All traces of 


the original pluteus are now lost; and the larva, which now 


presents the general aspect of an Echinoid animal, gradually 
augments in size, multiplies the number of its plates, cirrhi, and 
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spines, evolves itself into its particular generic and specific type, 
and undergoes various changes of internal structure tending to 
the development of the complete organism.^ 

An excellent summary of the developmental histoiy of the 
several Echinoderm types, with references to the principal memoii*s 
which treat of it, will be found in Chapter XX. of Mi*. Balfour’s 
^ Comparative Embryology,’ and in Professor A. JLing’s ‘ Jahrbuch 
der vergleichenden Anatomic,’ wdiich has been translated into English.^ 
In collecting the free-swimming larvae of Echinoderma the stick- 
net should be carefully employed in the manner already described, 
and the search for them is of course most likely to be successful in 
those localities in which the adult forms of the respective species 
abound, and on warm calm days, in which they seem to come to the 
surface in the greatest numbei*s. The following mode of })reparing 
and mounting them has been kindly communicated to the Author 
by Mr. Percy Sladem : — ^ For killing and preserving echinodei-mziioids, 
I have come to prefer either osmic acid or the picro-sulpliuric mix- 
ture of Kleinenberg of one-third strength. The latter, of course, 
destroys all calcareous structures ; but the soft parts ai*e preserved 
in a wonderful manner. Tf the diluted Kleinenberg’s mixture is 
used, let the zooids remain in it for one or two hours ; then wash 
them thoroughly in 70 per cent, spirit, until all ti*ace of acid is re- 
moved ; then stain ; then again wash in 70 per cent, spirit, transfer 
them to 90 per cent, spirit for some hours, and lastly to absolute 
alcohol. Transfer them from this to oil of cloves ; and finally mount 
in Canada balsam in the usual manner. If osmic. acid be used, place 
three or four of the living zooids in a watch-glass of sea-watoi*, and 
add a drop of the 1 per cent, solution. They should not remain even 
in this weak solution for more than a minute, and should then }>e 
thoroughly washed in a superabundance of 35 per cent, spii it, to ])re- 
vent the deposit of crystals of salt consequent on the action of the 
osmic iicid. Then transfer the specimens to 70 per cent, spirit, and 
proceed as in the other case.’ 

One of the most intei*esting to the microscopist of all Echino- 
derma is the Autedon ^ (moi*e generally known as Comattda)^ or 
‘ feather-star’ (fig. 685), which is the commonest existing representa • 
tive of the great fossil series of Crinoidecb^ or * lily-stars,’ that were 
among the most abundant types of this class in the earlier epodis of 
the world’s history. Like these, the young of Antedon is attached 
by a stalk to a fixed base, part of which is shown in fig. 686 ; but 
when it has arrived at a certain stage of development it drops off from 
this like a fruit from its stalk, and the animal is thenceforth free to 
move through the ocean water it inhabits. It can swim with con- 

' Abbreviated development, in which there is no free-swimming larva, is now 
known to be more common than was once supposed : among Holothurians Cucu 
maria crocea^ among Ophiuroids Ophiacantha vivipara^ and among Echinoids 
Hemioater cavemosus may be cited as examples. 

^ Those who wish to carry their study further must consult tlie recent memoirs 
of Mr. Bury, Prof. MacBride, and Dr. Willey, and that of Dr. T. Mortensen, Die 
Echinodermenlarven (hr Fla iikton Expedition iKiel and Leipzig, 1898), in which 
there is a systematic revision of the Echinoderm larvae already known. 

^ See the Author s ‘ Researches on the Structure, Physiology, and Development 
of Antedon rosaceus^ Part I., in Fhd. Trans. 1866, p. 671. 
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siderable activity, but it exerts this power chiefly to gain a suitable 
place for attaching itself by means of the jointed prehensile cirrhi 
put forth from the aboral (under) side of the central disc (fig. 685) ; 
so that, notwithstanding its locomotive power, it is nearly as station- 
aiy in its free adult condition as it is in its earlier pentacrinoid 
stage. The pentacrinoid larva ^ — first discovered by Mr. J. Y. 
Thompson, of Cork, in 1823, but originally supposed by him to be a 
pei inanently attached Crinoid — forms a most beautiful object for the 
lower powers of the microscope, when well preserved in fluid, and 
viewed by a sti'ong incident light (fig. 686, ; 3 ) ; and a seides of specimens 
in different stages of development shows most curious modifications 
in the form and airaiigement of tlie various component pieces 
of its calcareous skeleton. In its earlier stage (fig. 686, l) the 
body is inclosed in a 
calyx composed of 
two circles of j)lates, 
namely, five hasals^ 
forming a. sort of 
pyramid whose apex 
] )oint.s downwards, and 
is attac*Iied to the 
highest joint of the 
stem ; and five or(ds 
superj)Osed on these, 
forming wlieii closed 
a like jwramid whose 
aj)ex points upwards, 
but usually separating 
to give passage to the 
tentacles, of whicli a 
circlet surrounds the 
mouth. In this con- 
dition there is no 
rudiment of arms. In 
the moi’e advanced 
stage shown at 2, 
the arms have begun to make their appearance, and the skeleton 
when carefully examined is found to consist of the following pieces, 
as shown in fig. 686, 1, 6, 6, the circlet of hasals sujiported on the 
top of the stem ; r^^ the circle o^ first radials^ now interposed between 
the hasals and the orals, and alternating with both ; between two 
of these is interposed the single aval plate a ; whilst they suppoi t 
the second and tlie third radials r'), from the latter of which 
the bifui’cating arms spring ; finally, between the second radials we 
see the five orals liftecl from the hasals on which they oilginally 
rested by the intei position of the first radials. In the more advanced 
stage shown in fig. 686, .‘ 3 , we find the highest joint of the stem 

^ Tlie pentacrinoid larvae of Antedon have been found abundantly (attached to 
seaweeds and zoophytes ) at Millport, on the Clyde, and in Ijamlasli Bay, Arran ; in 
Kirkwall Bay, Orkney; in Lough Strangford, near Belfast, and in the Bay of Cork ; 
and at Ilfracombe and in Salcombe Bay, Devon. 





Fig. — Antedon (Comatula), or feather-star, 

seen from its aboral side. 
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beginning to enlarge, to form the centro-dorsal plate (2, c d)^ from 
\vhi(!li are beginning to spring the dorsal cirrhi {civ) that serve to 



Fk;. CiSf). Pentacrinoid larva of AntciloH. i. Skolcton of early peritacrinoicl, 
under black-ground illumination, showing its component plates : 6, by 
basals, articulated below to the highest point of the stem ; first 

radials, between two of which is seen the single anal plate, a ; second 
radials ; third radials, giving off the bifurcating arms at their summit ; 
o, o, orals. 2, 3. Back and front views of a more advanced i)entacrinoid, 
as seen by incident light, one of the pair of arms being cut away in fig, 3 
in order to bring the mouth and its surrounding parts into view : h, h, 
basals; /•*-*, r”, first, second, and third radials; n, anal, tuiw carried 
upwards by the projection of the vent, v ; o, o, orals; dr, dorsal cirrhi, 
developed from the highest joint of the stem. 
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anchor the animal when it drops from the stem ; this supports the 
hasala, on which rest the first radicds (r') ; whilst the anal plate is 
now lifted nearly to the level of the second radials (r^) by the 
development of the anal funnel or vent to which it is attached. The 
oral plates are not at first apparent, as they no longer occupy theii' 
first position ; but on being carefully looked for they are found still 
to form a circlet around the mouth (3, 0, 0), not having undergone 
any increase in size, whilst the visceral disc and the calyx in which 
it is lodged have greatly extended. These oral plates finally dis- 
appear by absorption ; while the hasals are at first concealed by the 
great enlargement of the centro-dorsal (which finally extends so fai- 
as to conceal the first radials also) ; and at last undergo metamor- 
phosis into a beautiful ‘ rosette,* which lies between the cavity of the 
centro-dorsal and that of the calyx. In common with other members 
of its class, the Antedon is represented in its earliest phase of develop- 
ment by a free-swimming ‘ larval zdoid ’ or pseudembryo^ which was 
first observed by Busch, and has been since carefully studied by 
Professors Wyville Thomson * and Goette.^ This zooid has an 
elongated egg-like form, and is furnished with transverse bands of 
cilia and with a mouth and anus of its own. After a time, how- 
ever, rudiments of the calcareous plates forming the stem and calyx 
begin to show themselves in its interior ; a disc is then formed at the 
posterior extremity by which it attaches itself to a seaweed (veiy 
commonly Laminaria)^ zoophyte, or polyzoary ; the calyx conbxining 
the true stomach, with its central mouth surrounded by tentacles, is 
gradually evolved ; and the sarcodic substance of the pseudembryo, 
by which this calyx and the rudimentary stem were originally in- 
vested, gradually shrinks, until the young pentacrinoid presents 
itself in its characteristic form and proportions.^ 

^ ‘ On the Development of Aniedou nmtevitH* in Phd. Trans, for 18(55, p. 513, 

^ Arrhiv f. mikrosJc. A)iat. Bel. xii. p. 583. 

•” The general results of the Author’s own later studies of this most interesting 
type (the key to the life-history of the entire geological succession of (Vn noideiv) are 
embodied in a notice communicated to the Proceedings of the liogal Society for 
1876, !>. 211, and in a subsequent note, p. 451. Of the further contributions recently 
made to our knowledge of it the memoir of Dr. H. Ludwig ‘ Zur Anatomic der 
Crinoideeii ’ (Leipzig, 1877), forming part of his MorphoLogische Siudicn an Pchino- 
dermen^ is the most important. Those who wish to carry further their study of the 
Crmoidea should consult the two monographs by Dr P. Herbert Carpenter in the 
‘ Challenger ’ Reports. 
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CHAPTER XVII 

POLYZOA AND TUNICAT { 

As in pi’eviovis editions of this work the Author followed the onee 
pi*e valent habit of regarding the Polyzoa and Tiinicata as structurally 
allied, and as it would be necessary to entiiely i*ecast the work were 
the two groups to be now otherwise dealt with, and as, finally, there 
is no real inconvenience or impropriety in discussing them in one 
chapter, it is proposed to continue, with this word of warning, the 
original ari angenient of the Authoi*. 8ome niembei*s of both these 
groups are found on almost every coast, and are most interesting 
objects for anatomical examination, as well as for observation in the 
living stated 

Polyzoa. — The grouj) whicli is known under this name to many 
British naturalists (corresponding with that which by Continental 
zoologists is designated Bryozoa) was formerly ranked as an ol der of 
zoophytes, and it has been entirely by microscopic study that its com- 
paratively high organisation has been ascertained. The animals of 
the Polyzoa, in consequence of tJieir universal tendency to multipli- 
cation by gemination, are seldom or nevei“ found solitary, but foim 
clusters oi* colonies of vaiious kinds ; and as each is inclosed in eithei* 
a horny or a calcareous sheath or ‘cell,’ a composite stiaicture is 
formed, closely corresponding with the ‘ polypidom ’ of a zoophyte, 
which has been a})propriate]y designated the polyzoary. The indi- 
vidual cells of the polyzoary are sometimes only connected with each 
other by their common relation to a ci-eeping stem or stolon, as in 
Laguncula (fig. 687) ; but more frequently they bud forth direct!} , 
one from anothei*, and extend themselves in different dii'ections ovei* 
plane surfaces, as is the case with Flustrw, Lepralkf', &c. (fig. 688) ; 
whilst not unfrequently the polyzoary develops itself into an arbores- 
cent structure (fig. 689), which may even present somewhat of the 
density and massiveness of the stony corals. Eiich individual is com- 
posed externally of a sort of sac, of which the outer or tegumental}' 
layer is either simply membranous, or is horny, oi* in some instances 
ciilcified, so as to form the cell ; this investing sac is lined by a more 
delicate membrane, which closes its orifice, and which then becomes 
continuous with the wall of the alimentary canal ; this lies freely in 
the visceral sac, floating (as it were) in the liquid which it contains. 

The principal features in the structure of this group will be best 
understood from the examination of a characteristic example, such as 
the Laguncula repens, which is shown in the state of expansion at A , 
fig. 687, and in the state of contraction at B and C. The mouth is 

1 For a good general account Hee Dr. Harmer in vol. ii. of the Caiiihridge Natural 
History, 1896. 



POLYZOA 


905 


surrounded l)y a circle of tubular tentacles, which are clothed by 

vibi*atile cilia ; these tentacles, in the species we are considering, 

vary from ten to twelve in number, but in some other instances they 

are more numerous. By ^ 

the ciliary investment 

of the tentacles the 

Polyzoa are at once dis- j 

tiuguishable from those WWo 

hyth’oid polypes to 

superficial resemblancic, ^ 

Mil 

larger scale, a a being dnnnr; 
the tentacula, b b their 

internal canals, C the Fkj. (J87. — structure of rf'p 6 '/is( Van Bene- 

muscles of the tentacula, den). A, polypide expanded ; B, polypide retracted ; 
d the lophophore, and C another view of the same, with the visceral 

^ , apparatus 111 outline, that the nianner m winch it 

its retractile muscles. doubled on itself, with the tentacular crown and 
The mouth situated in muscular system, may be more distinctly seen, 
tlie (;entre of tlie lopho- “ tent-vchU; b, pliarynx; c, pharyngeal valve; 

, , F A ib esophagus ; c, stomach ; f, its pyloric onnce ; 

pliore, as shown at A, ry, cilia on its inner surface ; /t, biliary follicles lodged 
leads to a funnel-shaped in its wall ; i, intestine ; Ar, particles of excremeii- 
nr* nhovviiY h titious matter ; Z, anal orifice; w, testis; n, ovary ; 
^ j x* ’ loose in the perivisceral cavity ; p, ouy 

which IS separated, irom i^t for their discharge; q, spermatozoa in the peri- 
the (esophagus, d, by a visceral cavity ; r, s, f, ?<, t’, ?c, ar, muscles. D, por- 
vulvp -if c-ond thi^msn tion of the lophophore more enlarged, a ri, tenta- 
valve at C , and tniSOB&O internal canals; c, their mnsoles; 

phagus opens into the lophophore ; c, its retractor muscles, 

stomach, e, which occu- 
pies a considerable part of the visceral csivity. (In the J^oiverbankm 

' Tliis communication between the tentacular and visceral cavities is denied by 
Dr. Vigelius, who has recently made a careful search for it. 
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and some other Polyzoa a muscular stomach or gizzard for the tri- 
turation of the food intervenes between the oesophagus and the 
true digestive stomach.) The walls of the stomach, 4, have consider- 
able thickness, and the epithelial cells which line them seem to have 
the character of a rudimentary digestive gland. This, howevei*, is 
more obvious in some other members of the group. The stomach is 
lined, especially at its upper part, with vibratile cilia, as seen at c, ^ ; 
and by the action of these the food is kept in a state of constant 
agitation during the digestive process. From the upper part of the 
stomach, which is (as it were) doubled upon itself, the intestine (i) 
opens, by a pyloric orifice, f, which is furnished with a regular valve ; 
within the intestine ai*e seen at k particles of excrementitioiis mattei* 
which are discharged by the anal orifice at /. No special circulating 
apparatus here exists ; but the liquid which fills the cavity that sui - 

roimds the viscera con- 




^ tains the nutritive 

matter which has been 
prepared by the diges- 
tive opei*ation, and 
which has transuded 
pWMKiiBk through the walls of 

the alimentary canal ; 
coi’puscles of ii*- 
® i*egular size are seen to 

— fioat in it. No other 

respiratory organs exist 
than the tentacula, into 
whose cavity the nutri- 
tive tiuid is probably 
sent from the peri- 
visceral cavity for aera- 
tion by the cuiTent of 
water that is continii- 
Pig. 6m.-Ce\U of Polyzoa: A MastigophoraHyml- Jlo.^vinK Over them. 
ma?ini; B, Crioriu/ia fiqularib^ C, XJmhonula i • i* 

verrucosa. The production ot 

gemmm oi‘ buds may 
take place either from the bodies of the polypides themselves, which 
is what always happens when the cells are in mutual apposition, 
or from the connecting stem oi* ‘ stolon,’ where the cells are distinct 
one from the other, as in Laguncula. In the lattei- case there is 
first seen a bud-like protuberance of the horny external integu- 
ment, into which the soft membranous lining prolongs itself ; the 
cavity thus formed, however, is not to become (as in Hydra and its 
allies) the stomach of the new zdoid, but it constitutes the chamber 
surrounding the digestive viscera, which organs have their origin 
in a thickening of the lining membrane that projects from one side 
of the cavity into its interior, and gradually shapes itself into the 
alimentary canal with its tentacular appendages. Of the prodm^- 
tion of gemmae from the polypides themselves the best examples ai e 
furnished by the Flustrce and their allies. From a single cell of the 
Flustrae five such buds may be sent off, which develop themselves 
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into new polypides around it ; and these in their turn produce buds 
from their unattached margins, so as rapidly to augment the number 
of cells. To this extension there seems no definite limit, and it often 
happens that the cells in the central portion of the leaf-like expan- 
sion of a Flustra are devoid of contents and have lost their vitality, 
whilst the edges are in a state of active growth.^ Independently of 
their propagation by gemmation, the Polyzoa have a true sexual 
generation, the sexes, however, being usually, if not invariably, united 
in the same polypides. The sperm-cells are developed in a glandulai* 
body, the testis, m, which lies beneath the base of the stomach, or 
they are developed from large portions of the inner surface of the 
body-wall ; when mature they rupture, and set free the spermatozoa, 
q q, which swim freely in the liquid of the visceral cavity. The ova, 
on the other hand, are formed in an ovarium, n, which is lodged in 
the membrane lining the tegumentary sheath near its outlet oi* is 
placed near the end of the csecal process of the stomach ; the ova, 
having escaped from this into the visceral cavity, as at o, are fer- 
tilised by the spermatozoa which they there meet with, and are 
finally discharged by an outlet at beneath the tentacular circle. 

These creatures possess a considerable numbei- of muscles, by 
which their bodies may be projected from their sheaths, or drawn 
within them ; of these muscles, r, s, t, u, v, w, .r, the direction and 
points of attachment sufficiently indicate the uses ; they are for the 
most part retractors, serving to draw in and double up the body, to 
fold together* the circle of tentacula, and to close the aperture of the 
sheath, when the animal has been completely withdrawn . into its 
interior*. The projection and expansion of the animal, on the con- 
trary, appear to be chiefly accomplished by a general pressure upon 
the sheath, which will tend to force out all that can be expelled from 
it. The tentacles themselves are furnished with distinct muscular 
fibres, by which their sepirate movements seem to be produced. At 
the base of the tentacular circle, just above the anal orifice, is a small 
body (seen at A, a), which is a nervous ganglion ; as yet no branches 
have been distinctly seen to be connected with it in this species ; but 
its character is less doubtful in some other Polyzoa. Besides the 
independent movements of the individual polypides, other movements 
may be observed, which are performed by so many of them simulta- 
neously as to indicate the existence of some connecting agency ; and 
such connecting agency, it is affirmed by Dr. Fritz Miiller,^ is fur- 
nished by what he terms a ‘ colonial nervous system.’ In a Seria- 
laria having a branching polyzoary that spreads itself on seaweeds 
over a space of three or four inches, he states that a nervous 
ganglion may be distinguished at the origin of each brancli, and 
another ganglion at the origin of each polypide-bud, all these 
ganglia being connected together, not merely by piincipal trunks, 

^ For further details consult Haddon ‘On Budding in Polyzoa,* Quart. Jo am. 
Microsc. Sci. xxiii. p. 516. Embryonic fission has been observed by Harmerin Crlsia 
and Lichenopora. 

^ See his memoir m WiegmanrCa Archiv, 1860, p. 811, translated in Quart, Joum. 
of Microsc. Sci. n.s. vol. i. 1861, p. 800 ; Rev. T. Hincks’s ‘ Note on the Movements of 
the Vibracula in Caberea hoirgi, and on the supposed common Nervous System in 
the Polyzoa,’ Quart. Journ. Mtcrosc. Sci. xviii. p. 7. 
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but also by plexuses of nerve-fibres, which may be distinctly made 
out with the aid of chromic acid in the cylindrical joints of thepoly- 
zoary. His views, however, are not now accepted, observers of 
great histological experience maintaining that what he regards as 
nerve-fibres are only connective tissue. 

Of all the Polyzoa of our own coasts the Meinbraniporidce^^ oi* 

‘ sea-mats ’ {Flustra, Memh'anipora)^ are the most common ; these 
present flat expanded surfaces resembling in form those of many sea- 
weeds (foi‘ which they are often mistaken), but exhibiting, when 
viewed with even a low magnifying power, a most beautiful netwoik, 
which at once indicates their i*eal character. The cells are generally 
arranged on both sides, and it was calculated by Di*. Gi ant that as 
a single square inch of an ordinary Flustra contains 1,800 such cells, 
and as an average specimen pi'esents about ten squai*e inches of 
surface, it will consist of no fewer than 18,000 polypides. The want 
of transparence in the cell- wall, however, and the infrequency with 
which the animal projects its body far beyond the mouth of the cell, 
render the species of this genus less favourable subjects for micro- 
scopic examination than are those of the Bowerhankia, a [)olyzoon 
with a tiailing stem and separated cells like those of Lagumada, which 
is very commonly found clustering around the base of masses of 
Flustra^. It was in this that many of tlie details of tlie organisation 
of the intei'esting group we are considering wei'e fii st studied by Di*. 
A. Farre, who discovered it in 1837, and subjected it to a fai* more 
minute examination than any polyzoon had pi*eviously received ; ^ 
and it is one of the best adapted of all the marine forms yet known 
foi' the display of the beauties and wonders of this type of organisa- 
tion. The Alcyonidium, however, is one of the most remarkable of 
all the marine forms for the comparatively large size of the tentacular 
crowns, these, when expanded, being very distinctly visible to the 
naked eye, and presenting a spectacle of the greatest beauty when 
viewed under a sufficient magnifying i)ower. The polyzoary of this 
genus has a spongy aspect and texture, very mucli resembling that of 
certain Alcyonian zoojdiytes, for which it might readily be mistaken 
when its contained animals are all v/ithdravvn into their cells ; when 
these are expanded, however, the aspect of the two is altogether 
different, as the minute plumose tufts which then issue from the 
surface of the Alcyonidium, making it look as if it were covered with 
the most delicate downy film, are in striking conti*ast with the Larger 
solid-looking polypes of the Alcyonium. The opacity of the polyzoary 
of the Alcyonidium renders it quite unsuitable for the examination of 
anything more than the tentaculai- crown and the cesophagus whidi 
it surmounts, the stomach and the remainder of the visceral appa- 
ratus being always retained within the cell. It furnishes, however, 
a most beautiful object for the binocular microscope, when mounted 
with all its polypides expanded.^ Sevei*al of the fresh- water Polyzoa 
are peculiai'ly interesting subjects for microscopic examination, alike 

1 See hi8 memoir ‘ On the Minute Structure of some of the Higher Forms of 
Polypi,* in the Phil. Trans, for 1887, p. 387. 

^ Mr. J. Lomas has detected calcareous spicules in Alcyonidium gelatmosuvi ^ 
and finds that they are more abundant in older than in younger colonies. See Proceed- 
ings of the Liverpool Geological Society., v. p, 241. 
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on account of the remarkable distinctness with which the various 
parts of their organisation may he seen and the very beautiful man- 
ner in which their ciliated tentacula are ari‘ange<l upon a deeply 
crescentic or horseshoe- shaped lo'pho'pliore. By this peculiarity the 
fresh-water Polyzoa are distinguished from the marine ; and they, 
with the marine Rhahdopleura^ may he fui'ther distinguished by the 
possession of an epistome, or moveable process above the mouth, 
whence Professor Allman calls them the PhylactoUvinata, as com- 
pared with the others, which are Gymiiolivwata^ or have no epistome. 
The cells of the PhylactoUt^mata are foi* the most part lodged in a 
sort of gelatinous substratum which spi*eads over the leaves of 
aquatic plants, sometimes forming masses of considei’able size ; but 
in the very curious and beautiful Cristatella tlie polyzoary is un- 
attached, so as to be capable of moving fi'cely through the water.* 

In the mai'ine Polyzoa, constituting })y far the most numerous 
division of the class, the anus opens either outside (Ectoprocta) or 
within (Entoprocta) the circlet of tentacles ; the former comprise 
three groups : — I. Cheilosto'inata, in which the mouth of the cell is 
sicb-ter7ninal, or not quite at its extremity (fig. 688), is somewhat 
crescentic in form, and is furnished with a movable (generally mem- 
branous) lip, which closes it when the animal retreats. This includes 
a large part of the species that most abound on our own coast, not- 
withstanding their wide differences in form and habit. Thus the 
polyzoai'ies of some (as Fhtstra) are horny and flexible, whilst those 
of others (as Fschara and Retej)(rra) are so penetrated with calcai’eous 
matter as to be quite rigid ; some grow as independent j)lant-like 
structures (as Bugula and Gemellaria)^ whilst othei's, liaving a like 
arborescent form, ci'eep ovei- the surfaces of i*ocks or stones (as 
Hippothoa) ; and others, again, have their cells in close aj)position, 
and form crusts which possess no definite figuie (as is the case with 
Lepralia iim\ Me^iibrathipora). IT. The second order, CyclostoTiiata^ 
consists of those Polyzoa which have the mouth at the teriahiailon of 
tubular calcareous cells, without any movable appendage or lip (fig. 
689). This includes a compaivitively small number of genei a, of which 
Crisia and Tahulipora contain the lai*gest })ropoi'tion of the species 
that occui* on our own coasts. III. The distinguishing character of 
the third order, (Heno8to7nata, is derived from the ]a*esence of a comb- 
like circulai* fringe of bristles, connected by a delicate membrane, 
around the mouth of the cell, when the animal is projected from it, 
this fringe being drawn in when the animal is retracted. The poly- 
zoaries of this group are very various in chaiacter, the cells being 
sometimes hoi*ny and separate (as in Fcwrella and Bowerhankia)^ 
sometimes fleshy and coalescent (as in Alcyotddlmn). JV. In the 
E^itoprocta^ which are I'epresented by Loxosoma and Pedicellina^ 
and are doubtless the most archaic of the true Polyzoa, the lopho- 
phore is produced upwards on the back of the tentacles, uniting 
them at their base in a sort of muscular calyx, and giving to the 
animal when expanded somewhat the form of an inverted bell, like 

1 See Professor Allman’s beautiful of the British F resh-water Pol j/zua, 

published by the Ray Society, 1867 ; and J. Jullien, ‘ Monographie des Bryozoaires 
d’eau douce,’ Bull. Soc. Zool. de France^ x. p. 91. 
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that of Vorticella (fig. 593). As the Polyzoa altogether resemble 
hydroid zoophytes in their habits, and are found in the same localities, 
it is not requisite to add anything to what has already been said 
respecting the collection, examination, and mounting of this very 
interesting class of objects.^ 

A large proportion of the Cheilostomata are furnished with very 
peculiar motile appendages, which are of two kinds, avicularia and 
vihramda. The avicularia or ‘ bird’s head processes,’ so named from 


the striking resemblance they present to the head and jaws of a bird 

(fig. 689, B), are generally, 
when highly differentiated, 

‘ sessile’ upon the angles 
or margins of the cells, 
that is, are attached at 
once to them without the 
intervention of a stalk, as 
at A, being either ‘ pro- 
jecting’ oi* ‘ immersed ; ’ but 
in the genera Bugida and 
Bicellaria^ where they are 
present at all, they are 
‘ peduncnilate,’ or mounted 
on foot-stalks (B). Under 
one foi*m or the other*, they 
are wanting in but few of 
the genera belonging to 
this order ; and their pre- 
sence or absence furnishes 
valuable chai*acters for the 
discrimination of species. 
Each avicularium has two 
‘ mandibles,’ of which one 

is fixed, like the upper jaw 
Fig. 689. — A, portion of Bicellana ciliata, en- n u* ii 

larged; B, one of the ‘ bird’s head ’ processes of of *^‘6 other mov- 

Bugula avicularia, more highly magnified, and able, like its lower jaw ; the 
seen in the act of grasping another. latter is opened arid closed 

by two sets of muscles 
which are seen in the interior of the ‘ head,’ and between them is a 
peculiar body, furnished with a pencil of bristles, which is probably a 



1 For a more detailed account of the structure and classification of the marine 
Polyzoa see Professor Van Beneden’s ‘ Recherches sur les Bryozoaires de la cote 
d’Ostende’ in de VAcad. Boy. de Bruxelles, tom. xvii.; Mr. G. Busk’s 

Catalogue of the Marine Polyzoa in the Collection of the British Muse^ini ; Mr. 

British Marine Polyzoa, 1880; and Nitsche, ‘Beitriige zur Kenntniss der 
Bryozoen,’ in Zeitschrift f. wiss. Z6ol. Bde. xx. xxi. xxiv. Of the more imiiortant 
recent publications we may note Mr. Busk’s Reports on the Polyzoa of the Challenger 
voyage ; Mr. Harmer, ‘ On the Structure and Development of Loxosoma ’ and ‘ On 
the Life-history of Pedicellina,’ in vols. xxv. and xxvi. of the Quart. Journ. of 
Microsc. Sci. ; J. Barrois, ‘ Recherches sur I’Embryologie des Bryozoaires,’ Lille, 1877, 
and other memoirs; W. J. Vigelius, ‘ Morphologische Untersuchungen fiber Flustra 
Membranaceo-truncata,’ Biolog. Centralblatt, iii. p. 705, and Bijdragen tot de 
Dierhunde, xi. For a general account see Professor Ray Lankester’s article ‘ Polyzoa,’ 
in the 9th edition of the Encyclopcedia Britannica, and Dr. Harmer’s work already 
referred to. 
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tactile organ, being brought forwards when the mouth is open, so 
that the biistles project beyond it, and being drawn bfick when the 
mandible closes. The avicularia keep up a continual snapping action 
during the life of the polyzoary ; and they may often be observed to 
lay hold of minute worms oi* other bodies, sometimes even closing 
upon the beaks of adjacent organs of the same kind, as shown at B. 
In the pedunculate forms, besides the snapping action, there is a 
continual rhythmical nodding of. tlie head upon the stalk ; and few 
spectacles aie more curious than a portion of the polyzoary of 
Bugula mncularia (a very (*ommon Biitish species) in a state of 
active vitality, when viewed under a })ower sufficiently low to allow 
a number of these bodies to be in sight at once. It is still very 
doubtful whiit is their pi‘ecise function in the economy of the animal — 
whether it is to retain within the reach of the ciliary current bodies 
that may serve as food, or whether it is, like the Pedicellarise of 
Echini, to remove extraneous particles that may be in contact with 
the surface of tlie polyzoary. The latter would seem to be the func- 
tion of the vihraculdj which are long bristle-shaped organs (fig. 688, 
A), each one springing at its base out of a sort of cup that contains 
muscles by which it is kept in almost constant motion, sweeping 
slowly and carefully over the sui face of the polyzoary, and removing 
what might be injurious to the delicate inhabitants of the cells when 
their tentacles are protruded.* 

Tunicata. — The zoological position of the Tunicata, which has 
long been a subject of great discussion, appears to be now approxi- 
mately settled ; the study of their development has shown that 
they are provided with a notochord, and tliat theii* neiwous system 
follows the course which is characteristic (^f what ai*e often called 
Vertehrata, but should better be called Chordata. As the noto- 
chord is always restricted to the hindei* part of the body, the 
Txinicata may be called Urochoi-data. Tn all (except, perhaps, 
Appeiidic^daria) thei'e are distinct signs of degeneration. They have 
been named Tunicata from the inclosure of their bodies in a ‘ tunic,’ 
which is sometimes leathery or even cartilaginous in its texture, and 
which sometimes includes cjilcjireous spicules, whose forms are often 
very beautiful. They ai e often found to resemble the Polyzoa in 
their tendency to produce composite structures by gemmation ; but in 
their habits they ai*e for the most pai-t very inactive, exhibiting 
scarcely anything comparable to those raj)id movements of expansion 
and retraction whicli it is so intei*esting to watch among the Polyzoa ; 
whilst, with the exception of the Salpida^ and other floating species 
which are chiefly found in seas warmer than those that surround our 
coast, and the curious Aj)pBmlimilar\a to be presently noticed, they 
are l ooted to one spot during all but the earliest period of their lives. 
The larger forms of the Ascidian group, which constitutes the bulk 
of the class, ai e always solitary ; not propagating by gemmation, 
except in the case of the Clavelinida*. Although of special importance 

• See Mr. G. Bunk’s ‘ Remarks on the Structure and Function of the Avicularian 
and Vibracular Organs of Polyzoa’ in Trans. Microsc. Sue. ser. ii. vol. ii. 1854, 
p. 26; and Mr. A. W. Waters, ‘On the use of the Avicularian Mandible in the Deter* 
mination of the Cheilostomatous Bryozoa,’ Joitrn. Boy. Microsc. Sue. (2), v. p. 774. 
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to the comparative anatomist and the zoologist, this group does not 
afford much to interest the ordinary microscopist, except in the pecu- 
liar actions of its respiratory and circulatory apparatus. In common 
with the composite forms of the group, the solitary Ascidians linve 
a large branchial sac, with fissui-ed walls, resembling that shown in 
figs. 690, B, and 692 ; into this sac water is admitted by the oral 
orifice, and a large proportion of it is caused to pass througli tlie 
fissures, by the agency of the cilia with which they are fringed, into 
a surrounding chambei-, whence it is expelled through the ati iopore, 
or opening of the mantle. This action may be distinctly watched 
through the external walls in the smaller and more trans[)arent 
species ; and not even the ciliary action of the tentacles of the Polyzoa 
affords a more beautiful spectacle. It is peculiarly remai kahle in one 
species that occurs on our own coasts, the Corella parallplo(jrainma^^ 
in which the wall of the branchial stic is divided into a number of 
areolae, each of them shaped into a shallow funnel ; ami round one 
of these funnels each branchial fissure makes two ()r three turns of a 
spiral. When the cilia of all these spiral fissures are in a(‘tive move- 
ment at once, the effect is most singular. Another most remarkable 
phenomenon presented throughout the group, and well seen in the 
solitary Ascidian just referred to, is the alternation in the direction 
of the circulation. The heart, which lies at the bottom of the 
branchial sac, has its one end connected with the principal ti iink 
leading to the bod}^, and the other with that leading to the branchial 
sac. At one time it will be seen that the blood fiow's from the 
I’espiratory apparatus to the end of the heart in w liich its trunk 
terminates, which then contracts so as to drive it through the sys- 
temic trunk to the body at large ; but after this coiu se has been main- 
tained for a time the heai't ceases to pulsate for n moment or two, 
and the course is levei'sed, the blood flowing into the heurt fro'm. 
the body generally, and being propelled to the branchial sac. After 
this revei’sed course has continued for some time anothei* pause 
occurs, and the first course is resumed. The length of time iiitei - 
vening between the changes does not seem by any means constant. 
It is usually stated at from half a minute to two minutes in the com- 
posite forms ; but in the solitary Corella paralleloyramma (a sj)ecies 
veiy common in Lamlash Bay, Arran), the Author has repeatedly 
observed an interval of from five to fifteen minutes, and in some 
instances he has seen the circulation go on for half an houi*, oi* even 
longer, without change — always, however, I'eversing at last. 

The compound Ascidians are very commonly found adherent to 
seaweeds, zoophytes, and stones between the tide-marks ; and they 
present objects of great interest to the microscopist, since the small 
size and transparence of their bodies when they are detached from 
the mass in which they are imbedded not only enable their structure 
to be clearly discerned without dissection, but allow many of their 
living actions to be watched. Of these we have a chai*actei'isti(; 
example in Amaroucium proliferum.^ of which the form of the com- 

1 See Alder in Ann. of Nat. Hist. ser. iii. vol. xi. lS68,p. 157 ; and Hancock in 
Jotim. Linn. Soc. ix. p. 888. 
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posite mass ami the anatomy of a single individual are displayed in 
fig. 690. Its clusters appear almost completely inanimate, exhibiting 
no very obvious movements when 


irritated ; but if they be placed 
when fi-esh in sea-watei- a slight 
pouting of tlie orifices will soon be 
perceptible, and a constant and 
energetic series of currents will be 
found to enter by one set and to be 
ejected by the other, indicating that 
all the machineiy of active life is 
going on within these apathetic 
bodies. In the family Poh/cUnidw 
to which this genus belongs the 
body is elongated, and may be 
divided into thi-ee regions : the thorax 
(A), whi(*h is chiefly occupied by the 
respiiutory sjic ; the abdomen (B), 
which contains the digestive appa- 
ratus ; and the post-abdomen (C), in 
which the heart and geneiative 
organs are lodged. At the summit 
of the thorax is seen the oral orifice, 
(*, which leads to the bi’anchial sac e ; 
this is perforated by an immense 
number of slits, which allow part of 
the watei* to pass into the space 
between the branchial sac and the 
muscular mantle. At k is seen the 




Fig. 690. — Compound mass of AnuirourminproJiferum with the anatomy of a 
single ziioid : A, thorax ; B, abdomen ; C, post-abdomen ; r, oral orifice ; 

branchial sac; /, thoracic blood-vessel; atriopore; ?/, projection over- 
hanging it ; .7, nervous ganglion; A:, oesophagus; stomach surrounded by 
digestive tubuli ; m, intestine ; 71^ anus opening into the cloaca formed by 
the mantle ; a, heart ; o', pericardium ; ovarium ; p\ egg ready to escape ; 
r/, testis ; r, spermatic canal ; r', termination of this canal in the cloaca. 


oesophagus, which is continuous with the lower part of the pha- 
ryngeal cavity ; this leads to the stomach, which is surrounded 
by glandular follicles ; and from this passes off the intestine, m, which 
terminates at in the vent A current 6f water is continually 

3 N 
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(liuwn in through the mouth by the action of the cilia of the bmn- 
chial sac and of the alimentary canal ; a part of this ciui-ent passes 
through the fissures of the branchial sac into the peribranchial 
cavity, and thence into the cloaca ; whilst another poi-tion, entering 
the stomach by an aperture at tlie bottom of the phaiyngeal sj^e, 
passes through the alimenhiry canal, giving up fiiiy nutritive 
materials it may contain, and carrying away with it any excie- 
mentitious matter to be discharged ; and this having met the 
i*espiratory current in the cloaca, the two mingled cniaents pass foi-tli 
togethei* by the atrial orifice, i. The long post-abdomen is principally 
occupied by the large ovarium, />, which contains ova in various stages 
of development. These, wlmn matured and set free, find their way 
into the cloaca, where two large ova are seen (one marked p and 
the other immediately below it) waiting for expulsion. In this posi- 
tion they receive the fertilising material fiom the testis, q. w^hich 
discharges its products by the long spermatic canal, r, that opens into 
the cloaca, r . At the very bottom of the post-abdomen we find the 
heart, o, inclosed in its pericardium, o'. In the group we are now 
considering a number of such animals are imbedded together in a, 
sort of gelatinous mass, and covered with an integument common to 
them all ; the composition of this gelatinous substance is l emarkable 
as including cellulose, which generally ranks as a vegetable product. 
The mode in which new" individuals ai*e developed in this mass is by 
the extension of stolons or creeping stems from tlie bases of those 
previously existing ; and from each of these stolons several ])udsmay 
be put forth, every one of which may evolve itself into the likeness 
of the stock from which it proceeded, and may in its turn increase 
and multiply after the same fashion. 

In the family of Didemnians the post-abdornen is a bsent, the heai*t 
and generative apparatus being placed by the side of the intestine in the 
abdominal portion of the body. The zooids ai e fi equently arranged 
in star-shaped clusters, their anal orifices being all directed towaids 
a common vent which occupies the centre. This shortening is still 
more remarkable, however, in the family of Botryllians, whose 
beautiful stellate gelatinous incrustations are extremely common upon 
seaweeds and submerged rocks (fig. 691). The anatomy of these 
animals is veiy similar to that of the Amaroucium already described ; 
with this exception, that the body exhibits no distinction of cavities, 
all the organs being brought together in one, which must be con- 
sidered as thoracic. In this respect there is an evident a pproxima tion 
towards the solitary species,^ 

This approximation is still closer, however, in the ‘ social ’ Asci- 
dians, or Glavellinidce, in w'hich the general plan of structure is 
nearly the same, but the zooids are simply connected by their stolons 
instead of being included in a common investment ; so that their 
relation to each other is very nearly the same as that of the poly- 

1 For more special information respecting the ccmipound Ascidians see espe- 
cially the admirable monograph of Professor Milne-Edwards on that group ; Mr. Lister’s 
memoir, ‘ On the Structure and Functions of Tubular and Cellular Polypi, and of 
Ascidiae,’ in the Phil. Trans. 1884 ; and the article ‘ Tunicata,’ by Professor T. Rupert 
Jones, in the Cyclopcedia of Anatomy and Physiology. More recent iiuthonties 
are cited on p. 918. 
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pides of Laguncula^ the chief difference being that a i-egulai* cir- 
culation takes place through the stolon in the one case, such as has 
no existence in the other. A better opportunity of studying the 
living actions of the Ascidians cian scarcely be found than that which 
is afforded by the genus Pe^^ophora, first discovered by Mr. Listei*, 
which occurs not unfrequently on the south coast of England and in 
the Irish Sea, living attached to seaweeds, and looking like an assem- 
blage of minute globules of jelly, dotted with orange and brown, and 
linked by a silvery winding thread. The isolation of the body of 
each zdoid from that of its fellows, and the extreme transpaience of 
its tunics, not only enable the movements of fluid within the body to 
be distinctly discerned, but also allow the action of the cilia that 
border the slits of the respiratory sac to be cleaily made out. This 
sac is perforated with four rows of narrow oval openings, through 
which a, portion of the watei* that enters its oral orifice escjipes 



violaceus: A, cluster on the surface* of a Fiiciis ; 

B, portion of the sjiine enlargerl. 

into the space between the sac and the mantle, and is tlnis dis- 
charged immediately by the atrial funnel. Whatever little particles, 
animate oi* inanimate, the current of watei* brings flow into the 
sac unless stopped at its entran(*e by the tentacles, which do not 
appeal* fastidious. The particles which are admitted usually lodge 
somewhere on the sides of the sac, and then travel horizontally until 
they arrive at that part of it down which the current proceeds to the 
entrance of the stomach, which is situated at the bottom of the 
sac. Minute animals are often swallowed alive, and have been 
observed darting about in the cavity for some days, without any ap- 
parent injury either to themselves or to the creature which incloses 
them . In geneial , howevei*, particles which are unsuited foi* i*eception 
into the stomach are rejected by the sudden contraction of the mantle 
(or muscular tunic), the atriopore being at the same time closed, so 
that they are forced out by a powerful current through the oral 
orifice. The curious alternation of the circulation that is character- 
istic of the class generally may be particularly well studied in 
Perophora. The creeping stalk that connects the individuals of 

3n2 
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any gi'ovip contains two distinct canals, which send off’ branches 
into each peduncle. One of these branches terminates in the heart, 
which is nothing more than a contractile dilatation of the principal 
trunk ; this trunk subdivides into vessels (or rathei* simises^ which are 
mere channels not having proper walls of their own), of which some 
ramify over the respiratory sac, bra, inching off* at each of the passages 
between the oval slits, whilst others are first distributed to the 
stomach and intestine, and to the soft surface of the mantle. All 

these reunite so as to form 



a trunk, which passes to the 
peduncle and constitutes the 
returning branch. Although 
the circulation in the dif- 
ferent bodies is brought 
into connection by the com- 
mon stem, yet that of each 
is independent of the I'est, 
continuing when the current 
through its own foot-stalk is 
interrupted by a ligatui*e ; 
and the stream which re- 
turns from the branchial 
sac and the viscera is then 
poured into the posterioi* 
part of the heart instead 
of entering the peduncle. 

The development of the 
Ascidians, the early stages 
of which aie observable 
whilst the ova are still 
within the cloaca of the 


Pig. 692. —Diagrammatic longitudinal section of 
Ascidia showing the heart, the blood-vessels, 
the branchial sac, the alimentary canal, <fec. 
from the left side : br.id.j branchial siphon : 
at.si., atrial siphon ; t.j test ; 7/^., mantle ; 
br.s.y branchial sac; p.br., xieribraiichial 
cavity; cL, cloaca; n.g ^ nerve ganglion; 
tn.f tentacle; gl., neural gland; w.a., ceso- 
phageal aperture ; st., stomach ; i., intestine : 
r., rectum; a., anus; o.ii., genital organs ; 
g.d.f genital ducts; h., heart; c.sp., cardio- 
splanchnic vessel; v.t.y vessel to the test; 
t.k.y terminal knob on vessel in test; v.f.^ 
vessel from the test ; v.st.j vessel to the 
stomach &c. ; -y.m., vessel to the mantle; 
v.m'., vessel from the mantle; d.v.^ dorsal 
vessel ; transverse vessel of branchial 
sac ; Z.V., fine longitudinal vessel of branchial 
sac ; s^., stigmata of branchial sac ; v.v.^ 
ventral vessel ; 6r.c., branchio-cardiac 

vessel; sp.br.j splanchno-branchial vessel. 
(After Prof. Herdman.) 


parent, presents some phe- 
nomena of much interest 
to the microscopist whicli 
alone can be noticed here. 
After the ordinary repeated 
segmentation of the yolk, 
whereby a ‘ mulberry mass ’ 
is produced, a sort of ring 
is seen encircling its central 
portion ; but this soon 
shows itself as a tapering 
tail-like prolongation from 
one side of the yolk, which 
gradually becomes moi'e 
and more detached from 
it, save at the part from 
which it springs. Either 


whilst the egg is still within 
the cloaca, or soon after it has escaped from the vent, its envelope 
bursts, and the larva escapes, and in this condition it presents very 
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iiiucli the appearance of a tadpole, the tail being straightened 
out, and propelling the body freely through the water by its lateral 
strokes. The centre of the body is occupied by a mass of liquid yolk, 
an<l this is continued into the interior of three prolongations which 
extend themselves from the opposite extremity, each terminating in a 
sort of sucker. After swimming about for some hours with an active 
wriggling movement, the larva attaches itself to some solid body by 
means of one of these suckers ; if disturbed from its position, it fit 
first swims about as befoi'e ; but it soon completely loses its activity, 
and becomes permanently attached ; and important changes manifest 
themselves in its interior. The organs and tissues which constitute 
the chief part of the future animal are gradually drawn back, so that 
tlie whole of it is concentrated into one mass ; find the tfiil, now con- 
sisting only of the gelatinous env^elope, is either detached entire from 
the body by the contraction of the connecting poi tion, or withers, 
and is thiown off gradually in shi-eds. The shaping of the internal 
organs out of the yolk mass takes phice very rapidly, so that V)y the 
end of tlu' second day of the sedentary state the outlines of the 
branchial sac and of the stomach and intestine may be ti*ficed, no 
(external orifices, however, being as yet visible. The pulsation of the 
hefirt is first seen on the thii’d dfiy, jmd the formation of the branchifil 
find anal orifices takes phice on the fourth, after which the ciliary 
canrents are immedifitely established through the brand lial sac and 
fdimentfiry cfinfil. The embryonic development of other Ascidians, 
solitfiry jis well as composite, tfikes place on a phin essentially the 
same fis the foi*egoing, ft free tad[)ole-like hirva being always pro(luced 
in the first instance with the curious exception of some sj^ecies of 
Mohjtda} 

This Ifirvfil comlition is represented in a very curious fidult free- 
swimming form, termed Appendiciildvia^ which is frequently to be 
taken with the tow-net on our own coasts. This animal has an ovjil 
or fifisk-like Ixxly, which in large specimens attains the length of 
one-fifth of an inch, but which is often not mor*e than one-fourth (u* 
one-fifth of that size. It is furnished with a tail-like appendage 
tlii’ee or four times its own hmgth, broad, flattened, and rounded at 
its exti’emity ; and by the powerful vibrations of this a})pendage it is 
))ropelled rapidly through the water. The structui*e of the body dif- 
fers greatly from that of the Ascidians, its plan being much simpler ; 
in particular, the pharyngeal sac is entii*ely destitute of ciliated 
branchial fissures opening into a surrounding cavity ; but two canals, 

^ The study of the development of Asculians derived a new interest and im« 
portance from the discovery, made by Kowjilevsky in 18()7, that their free-swimniin>( 
larvflB present a most striking parallelism to vertebrate embryos, in exhibiting the 
beginnings of a spinal marrow and a notochord ; thus bridging over the gulf that was 
supposed to separate them from Invertebrata, and (when taken in connection with 
tlie curious Ascidian affinities of Amphioxus^ the lowest vertebrate at present known) 
affording strong reason for belief in the derivation of the vertebrate and tunicate 
types from a common original. See his memoir ‘ Entwickelungagescliichte der 
einfachen Ascidien ’ in Mein. St. Petersh. Acad. Sci. tom. x. 1867, and the abstract 
of it in Quart. Joiirn. Mirrosc. Sci. x. n.s. 1870, p. 69 ; also Professor Haeckel’s HUtory 
of Creation., ii. pp. 152, 200. Further information will be found in chap. ii. of vol. 
ii. of the late Professor Balfour’s Comparative Embryology, and an application of the 
facts of development to the philosophy of the subject in Professor Ray Lankester’s 
Degeneration (London, 1880). 
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one on eithei* side of the entrance to the stomach, are prolonged from 
it to the external surface ; and by the action of the long cilia with 
which these are furnished, in conjunction with the cilia of the 
branchial s^ic, a current of water is maintained through its cavity. 
From the ol:)servations of Huxley, however, it appears that the 
direction of this current is by no means constant ; since, although it 
usually enters by the mouth and passes out by the ciliated canals, 
it sometimes enters by the latter and passes out by the former. The 
caudal appendage has a ceiiti-al axis (notochord), above and below 
which is a ribbon-like layer of muscular fibres ; a nervous coid, 
studded at intervals with minute ganglia, may be traced along its 
Avhole length. By Mertens, one of the early observers of this animal, 
it was said to be furnished with a peculiar gelatinous envelope or 
Haas (house), very easily detached from the body, and capable of 
being re-formed after having been lost. Notwithstanding the great 
numbers of specimens which have been studied by Muller, Huxley, 
Leuckart, and Gegenbaur, none of these excellent observers has 
met with this appendage; but it has been since seen by Allman, 
who describes it as an egg-shaped gelatinous mass, in which 
the body is imbedded, the tail alone being free ; whilst from either 
side of the central plane there radiates a kind of double fan, which 
seems to be formed by a semicircular membiunous lamina folded 
upon itself. It was surmised by Allman, with much probability, that 
this curious appendage is ‘ nidamental,’ having leference to the 
development and protection of the young ; but on this point further 
observations are much needed ; and any microscopist who may meet 
with Appendicularia furnished with its ^ house ’ should do all he can 
to determine its structure and its relations to the body of the 
animal.^ 

^ For details in respect to the structure of Appendicularia ^ see Huxley in Fhil. 
Trans, for 1851, and in Quart. Joiirn. of Microsc. Set. vol. iv. 1856, j). 181 ; also 
Allman in the same journal, vol. vii. 18.59, p. 86 ; Gegenbaur in Sieholdu7id Kblliker's 
Zeitschrift.,l&d. vi. 1855, p. 406; Leuckarfc’s Zbologische Unter.mchungeii, KeAi ii. 
1854 ; Fol’s ‘ Etudes sur les Appendiculaires ’ in Archiv. Zool. exper. tom. i. 1872, 
p. 57 ; the three memoirs by H. Lohmann published in 1896. For the T unicat a 
generally, see Professor T. Rupert Jones in vol. iv. of the Cyclop, of Anatomy 
and Physiology \ Professor Herdman’s article, ‘Tunicata,’ in the 9th edition 
of the Encyclopccdia Britannica ; Mr. Alder’s ‘ Observations on the British 
Tunicata ’ in o/ Nat. Hist. ser. iv. vol. xi. 1863, p. 153; and Mr. Hancock’s 
memoir ‘ On the Anatomy and Physiology of the Tunicata ’ in the Journal of the 
Linnean Society, vol. ix. p. 309. Great additions to our knowledge have been 
made by Professor Herdman, whose reports on the forms collected by H.M.S. 
Challenger should be consulted, and by Professors Van Beneden and Julin (seee8i)e- 
cially their memoirs in the Archives de Biologie). See also Roule, ‘ Recherches sur les 
Ascidies simples des cotes de Provence,’ Aim. Museum Marseilles, li. ; Seehger, 
‘ Die Entwickelungsgeschichte der Socialen Ascidien,’ Jenaische Zeitschr. xviii. 
p. 528 ; Salensky, ‘ Neue Untersuchuiigen iiber die embryonale Eiitwickelung der 
SeApen,* Mitth. Zool. Stat. Neapel, iv. pp. 90, 827; and Ulianin, ‘DieArtendes 
Gattung Doliolum im Golfe von Neapel,’ in the Fauna und Flora des Golfes von 
Neapel, x. The above titles by no means exhaust the list of recent important memoirs 
on Tunicata, but the researches of Caullery, Metcalf, Pizon, and Seeliger are beyond 
the scope of this work. The last-named has commenced a systematic account of the 
group in Bronn’s Thierreich. 
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CHAPTER XVlIl 
MOLL(rsCA AND BBACHTOPODA 

TfiE various tonus of ‘ sliell-fisb/ witli their ‘ naked ’ or shell-less 
allies, furnish a great ahunda,nce of objects of interest to the micro- 
scopist, of wliich, however, the greater })art may be grouped under 
three heads— namely (1) the structure of the shell, which is most 
interesting in the Coxcuifera (or Lamellibranciiiata) and Brachio- 
roDA, in both of which classes the shells are ‘ bivalve,’ while the animals 
difter from each other essentially in general plan of structure ; (2) 
the structure of the tov^yue ov palate of the Gastropoda, most of which 
liave ‘ univalve ’ shells, others, however, being ‘ naked ; ’ (3) the 
developmental hlstorp of the embryo, for the study of which cerbiin 
of the Gastro] )ods present the greatest facilities. These three subj ects, 
therefore, will be first treated of systematically, and a few miscella- 
neous facts of intei-est will be subjoined. 

Shells of Mollusca. — Th(‘se investments were fonnerly regarded 
as nu're inorganic exudations, composed of calcareous particles, 
cemented together by animal glue ; microscopic examination, how- 
ever, has shown that they possess a definite structure, and that this 
structure presents certain very remarkable variations in some of the 
groups of which the molluscous series is composed. We shall first 
(j(*scribe that whicli may be regarded as the characteristic structure 
of the ordinary bivalves, biking as a type the group of Margaritacem, 
which includes the Meleagrina or ‘ pearl oyster ’ and its allies, the 
common Plana i*anking amongst the latter. In all these shells we 
l eadily distinguish the existence of two distinct layers : an external, 
of a brownish -yellow colour; and an internal, which has a pearly 
or ‘ nacreous ’ aspect, and is commoidy of a lighter hue. 

The structure of the obiter layer may be conveniently studied in 
the shell iA Pinna, in which it commonly projects beyond the inner, 
and there often forms laminfe sufficiently thin and transparent to 
exhibit its general characters without any artificial reduction. If a 
small portion of such a lamina be examined with a low magnifying 
power by transmitted light, each of its surfaces will present very 
much the appeaiance of a honeycomb ; whilst its broken edge exhibits 
an aspect which is evidently fibrous to the eye, but which, when 
examined under the microscope with reflected light, resembles that 
of an assemblage of segments of basaltic columns (fig. 696). This 
outer layer is thus seen to be composed of a vast number of prisms, 
having a toleiably unifoi’m size, and usually presenting an approach 
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to the hexagonal shape. Thase are arnuiged perpendicularly (or 
nearly so) to the surface of the lamina of the shell ; so that its thick- 
ness is formed by their length, and its two surfaces by their extremi- 
ties. A more satisfactory view of these prisms is obtained by grinding 
down a lamina until it possesses a high degree of ti*anspai’eiice, the 

prisms being tiien seen (fig. 
693) to be themselves com- 
posed of a very homogeneous 
substance, but to be sepa- 
rated by definite and 
strongly marked lines of 
division. When sucli a 
lamina is submitted to the 
action of dilute acid, so as 
to dissolve away the cai*- 
boiiate of lime, a tolerably 
firm and consistent mem- 
brane is left, which exhibits 
Fig, 698.— Section of shell of Piwtci, taken the prismatic structure just 
transversely to the direction of its prism. ay pei fectly aS did the 

original sliell (fig. 694), its 
hexagonal divisions beaiing a strong resemblance to the walls of 
the cells of the pith oi- baik of a plant. By making a section of the 
shell perpendicularly to its surface, we obtain a view of the prisms 
cut in the direction of their length (fig. 695) ; these are frequently 
seen to be marked by delicate transverse stria‘ (fig. 696) closely i‘e- 
sembling those observable on the pi-i.sms of the enamel of teeth, to 
which this kind of shell-structure may be considered as liearing a, 
very close resemblance, except as regards the mineralising ingredient. 

If a similar section be de- 
calcified by dilute acid, the 
membranous lesidiium will 
exliibit the same resem- 
blance to the walls of pris- 
matic cells viewed longitu- 
dinally, and will be seen to 
be more or less legularly 
marked by the transverse 
stri[e just alluded to. Jt 
sometimes happens in re- 
cent but still more com- 
monly in fossil shells, that 
the decay of the animal 
membrane leaves the con- 
tained prisms without any connecting medium ; as they are then 
quite isolated, they can be readily detacked one from another ; and 
each one may be observed to be marked by the like sti-iations, 
which, when a sufficiently high magnifying power is used, ai*e seen 
to be minute grooves, apparently resulting from a thickening of the 
intermediate wall in those situations. These appearances seem best 
accounted for by supposing that ejich is lengthened by successive 
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additions at its base, the lines of junction of which correspond with , 
the ti’ansverse striation ; and this view coiTesponds well with the 
fact that the shell -membrane not iinfrequently shows a tendency to 
split into thin lamina3 along the lines of striation, whilst we occa- 
sionally meet with an excessively thin natural laniinji lying between 
the thicker prismatic layers, with 
one of which it would have 
probably coalesced but for some 
accidental cause wliich preserved 
its distinctness. That the prisms 
are not formed in their entire 
length at once, but that they are 
progressively lengthened and 
consolidated at theii* lower ex- 
tremities, would appear also 
fi*om the fact that where the 
shell presents a deep colour (as 
in Pinna nigrina) this colour 
is usually disposed in distinct 
sti*ata, the outer portion of each layer being the part most deeply 
tinged, whilst the inner extremities of the j)risms are almost colour- 
less. 



, (59.5. — Section of the shell of Pinna 
in the direction of its prisms. 


This ‘ pi-ismatic ’ ari*angement of the carbonate of lime in the 
shells of Pinna and its allies has been long familial* to concholo- 
gists, and regarded by them as the result of crystallisation. When 



Fid. 690.— Oblique section of prismatic shell-substance. 

it was first more minutely investigated by Mr. Bowerbank’ and the 
Author, 2 and was shown to be connt‘cted with a similar ariangement 
in the membranous residuum left after the decalcification of the shell - 
substance by acid, microscopists genei'ally ^ agreed to regard it as a 
‘ calcified epidermis,’ the long prismatic cells being supposed to be 
formed by the coalescence of the epidei'mic cells in piles, and giving 

1 ‘ On the Structure of the Shells of Molluscous and Conchiferous Animals,’ in 
Trans. Microsc. Soc. ser. i. vol. 1 . 1844, p. 128. 

^ ‘ On the Microscopic Structure of , Shells ’ in lieports of British Association for 
1844 and 1847. 

See Mr. Quekett’s Histological Catalogue of theCollege of Surgeons' Museum 
and his Lectures on Histology, vol. ii. 
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their shape to the deposit of carbonate of lime formed within them. 
The progress of inquiry, however, has led to an important modificui - 
tion of this interpretation, the Author being now disposed to agree 
with Huxley ^ in the belief that the entire thickness of the shell 
is formed as an excretion from the surhice of the epidermis, and 
that the horny layer which in ordinary shells forms their external 
envelope or ‘ periostracum,^ ^ being here thrown out at the same time 
with the calcifying material, is converted into the likeness of a 
ceilulai* membrane by the pressure of the prisms that are formed by 
crystallisiition at regular distances in the midst of it. The pecu- 
liar conditions under which calcareous concretions form themselves 
in an organic matrix have been carefully studied by Mr. Rainey 
and Dr. W. M. Ord, of whose researches some account will be given 
hereaftei-. 

The internal layei* of the shells of the Maryaritaceoi and some 
other fixmilies has a ‘ nacreous ’ or iridescent lustre, which depends 
(as Sir D. Brewster has shown upon the striation of its surface 
with a series of gi'ooved lines, which usually run nearly parallel to 
each other (fig. 697). As these lines are not obliterated by any 
amount of polishing, it is obvious that their presence depends upon 
something peculiar in the texture of this substance, and not upon 
any mere supei'ficial arrangement. When a piece of the nacre (com- 
monly known as ‘ mothei* of- pearl ’) of the Meleayrina or ‘ pearl-oyster ^ 
is carefully examined, it becomes evident that the lines are produced 
by the cropping out of laminae of shell situated moi e or less obliquely 
to the plane of the surface. The greater the dip of these laminae, the 
closer will their edges be ; whilst the less the angle which they make 
with the surface, the wider will be the interval between the lines. 
When the section passes for any distance in the plane of a lamina, no 
lines will pi'esent themselves on that space. And thxis the appearance 
of a section of nacre is such as to have been aptly compared by Sir J. 
Hei*schel to the surface of a smoothed deal board, in which the woody 
layers are cut perpendicularly to their surface in one part, and nearly 
in their plane in another. Sir D. Brewster {loc. cit.) ap})ears to have 
supposed that naci*e consists of a multitude of layers of carbonate of 
lime alternating with animal membrane, and that the presence of 
the grooved lines on the most highly polished surface is due to the 
wearing away of the edges of the animal laminxe, whilst those of the 
hard calcareous laminae stand out. If each line upon the nacreous 
surface, however, indicates a distinct layer- of shell-substance, a ver y 
thin section of ‘ mother-of-pearl ' ought to contain many hundred 
laminae, in accordance with the number of lines upon its surface, 
these being frequently no more than 75 ’^^th of an inch apart. But 
when the nacre is treated with dilute acid, so as to dissolve its cal- 

1 See his article, ‘Tegumentary Organs,’ in Cyclopcedia of Anatomy ami 
Physiology., supplementary volume, pp. 489-492. 

^ The periostracum is the yellowish-brown membrane covering the surface of 
many shells, which is often (but erroneously) termed their epidermis, 

5 Phil. Trans. 1814, p. 897. — The late Mr. Barton (of the Mint) succeeded in 
producing an artificial iridescence on metallic buttons by drawing closely approxi- 
mating lines with a diamond point upon the surface of the steel die by which they 
were struck. 
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careoiis portion, no such repetition of membranous layers is to be 
found ; on the contrary, if the piece of nacre be the product of one 
act of sliell formation, thei-e is but a single layer of membrane. This 
layer, la^wever, is found to present a more or less folded or plaited 
ai-iangement, and the lineation of the nacreous surface may perhaps 
be thus accounted for. A similar arrangement is found in pearls^ 
which are rounded concretions projecting from the inner sur^ce of 
the shell of Meleagrina, and possessing a nacreous structure corre- 
sponding to that of ‘ mother-of-pearl.’ Such concretions are found in 
many other shells, especially the fresh- water mussels, Unio and Aiio- 
don ; but these are usually less remarkable for their pearly lustre ; 
and, when formed at the edge of the valves, they may be partly el- 
even entii-ely made up of the prismatic substance of the external 
layer, and may be consequently altogether destitute of the pearly 
chai-actei*. 

In all the genera of the Maryaritacea' we find the extei-nal layei- 



Fia. — Section of nacreous lining of shell of Meleagnna 

mar go ritife ra (pearl-oyster) . 


of the sliell prismatic, and of considerable thickness, the internal 
layer being nacreous. But it is only in the shells of a few families 
of bivalves that the combination of organic with mineml components 
is seen in the same distinct form ; and these families ai*e foi* the most 
[lart nearly allied to Finna. In the Unionulce (or ‘ fresh-water 
mussels ’) nearly the whole thickness of the shell is made up of the 
internal or ‘ nacreous ’ layer ; but a uniform stratum of prismatic 
substance is always found between the nacre and the periostracum, 
really constituting the inner layer of the latter, the outer being 
simply hoi-ny. In the Ostredcem (or oyster tribe), also, the greater 
part of the thickness of the shell is composed of a ^ sub-nacreous ’ 
substance, representing the inner la^rer of the shells of Margaritacese, 
its successively foimed lamime, however, having very little adhesion 
to each othei* ; and every one of these laminje is bordered at its free 
edge by a layei- of the prismatm substance distinguished by its 
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brownish-yellow colour. In these and some other cases a distinct 
membranous residuum is left after the decalcifiaition of the prismatic 
layer by dilute acid ; and this is most tenacious and substantial 
where (as in the Mm'gmntaceoi) there is no proper periostracum. 
Generally speaking, a thin prismatic layer may be detected upon the 
external surface of bivalve shells, where this has been piotected 
by a periostnicum, or has been prevented in any other manner 
from undergoing abi*asion ; thus it is found pretty generally in 
Charna, Trigonia^ and Solen, and occjisionally in A norma and Pecten. 

In many other instances, however, nothing like a cellular struc- 
ture can be distinctly seen in the delicate membi ane left after deciil- 
cification ; and in su(;h cases the animal basis bears but a very small 
proportion to the calcareous substance, and the shell is iisually ex- 
tremely hard. This hardness ap- 
pears to depend upon the mineral 
arrangement of the carbonate r)f 
lime ; for whilst in the pr'lsrnatlc 
and ordinary nacreoiui layer this 
has the (aystalline condition of 
calcite^ it can be shown in the hai’d 
shell of Pholas to have the arrange- 
ment of arragonlU ^ the diftereiice 
between the two being made evi- 
dent by polarised light. A very 
curious appearance is presented by 
a section of the large hinge-tooth 
of ATya arenaria (tig. (198), in 
'which the carbonate of lime seems 
to be deposited in nodules that 
po.ssess a crystalline stiaicture re- 
sembling that of the mineral 
termed warelVde. A])[)ioaches to 
this curious arrangement are seen in many other shells. 

There are several bivalve shells which almost entirely consist of 
what may be termed a nnh-naci'eons subsiancre, their polisluid 
surfaces being marked by lines, but these lines being destitute of 
that regularity of arrangement which is necessary to produce the 
iridescent lustre. This is the ctise, for example, with most of the 
Pectinidct (or scallop tiibe), also with soim* of the ATytiUicpfo (or 
mussel tribe), and with the common Oyster. In the internal layer 
of by far the greater number of bivalve shells, however, theie is not 
the least approach to the imcreous aspect; nor is there anything 
that can be described as definite structure ; aiul the residuum 
left after its decalcification is usually a sti uctureless ‘ basement 
membrane.^ 

The ordinary account of the mode of giowth of the shells of 
bivalve Mollusca — that they are progressively enlarged by the depo- 
sition of new laminae, each of which is in contact with the internal 
surface of the preceding, and extends beyond it — does not express 
the whole truth ; for it takes no account of the fact that most shells 
are composed of two layers of very difterent texture, and does not 



Fig. 698. — Section of hinge-tooth of 
My a arenana. 
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specify whethei* both these layers are thus formed by the entire 
surface of the ‘ mantle ’ whenever the shell has to be extended, or 
whethei* only one is produced. An examination of fig. 699 will 
clearly show the mode in which the operation is effected. This figure 
lepresents a section of one of the valves of Utiio occidens^ taken per- 
pendicularly to its surface, and passing from the margin or lip (at 
the left hand of the figure) towards the hinge (which would be at 
some distance beyond the right). This section brings into view the 
two substances of which the shell is composed, traversing the outer 
or prismatic layer in the direction of the length of its prisms, and 
passing through the nacreous lining in such a manner as to bring 
into view its numerous laminae, separated by the lines a a\ h h\ c c', 
Ac. These lines evidently indicate the successive formations of this 
layer, and it may be easily shown by tiacing them towards the 
hinge on the one side and towards the margin on the other, that at 
every enlargement of the shell its whole interior is lined by a new 
nacreous lamina in immediate contect with that which preceded it. 



Fkj. 009. — Vertical section of the lip of one of the valves of the 
shell of Unio : 6, r, successive formations of the outer 

prismatic layer ; h\ c\ the same of the inner nacreous layer. 


The number of such laminae, therefore, in the oldest part of the shell 
indicates the numbei* of enlargements which it has undergone. The 
outer or prismatic layer of the growing shell, on the other hand, is 
only formed where the new structure projects beyond the margin of 
the old ; and thus we do not find one layer of it overlapping another 
except at the lines of junction of two distinct formations. When the 
shell has attained its full dimensions, however, new laminpe of both 
layers still continue to be added, and thus the lip becomes thickened 
by successive formations of prismatic structure, each being applied 
to the inner surface of the preceding, instead of to its free margin. 
A like arrangement may be well seen m the Oyster^ with this differ- 
ence, that the successive layers have but a comparatively slight 
adhesion to each other. ^ 

The shells of Terehratulcp and of most othei* Brachiopods are 
divstinguished by peculiarities of structure which differentiate them 
from those of the Mollusca. When thin sections of them are 
microscopically examined, they exhibit the appearance of long flat- 
tened prisms (fig. 700, A, ft), which are arranged with such obliquity 

1 The most important recent work on -the shells of Lamellihranchs is that of 
the lately deceased F. Bernard ; see Bull. Soc. Giol. France ^ vols. xxiii. and xxiv. 
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that their rounded extremities crop out upon the inner surface of the 
shell in an imbiicated (tile-like) manner (a). All true Tfirebratulidce, 
both recent and fossil, exhibit another very remarkalde peculiarity; 
namely, the perforation of the shell by a large number of canals, 



Fig. 700 . — A, iuterual surface, g, and oblique section, /y, of shell of Waldhciniia 
.australis ; B, external surface of the same. 
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which generally pass nearly perpendiculaily fi om one siii face to the 
other (as is shown in vertical sections, fig. 701), and tei ininate inter- 
nally by open orifices (fig. 700, A), whilst externally they are covered 
* p bytheperiostracum(B). Their 

diameter is greatest towards 
the external surfice, where 
they sometimes expand sud- 
denly, so {IS to become trum- 
pet-shaped ; and it is usually 
narrowed rather suddenly 
when, as sometimes happens, 
}i new internal Liyer is formed 
as a lining to tlie preceding 
(fig. 701, A, fZ). Hence the 
diameter of these canals, tis 
shown in different transverse 
sections of one and the same 
shell, will vjirv accumling to 

heimia australis, showing at A the canals pal t of its thickness which 

opening by large trumpet- shaped orifices the section happens to tra- 
on the outer surface, and contracting at verse. The shells of different 

d into narrow tubes : and showing at B . n n . i 7 • 

XfurcationofthecanaU. species of perforated 

pods, however, present veiy 
striking divei-sities in the size and closeness of their canals, as shown 
by sections taken in corresponding parts ; three examples of this 
kind are given for the sake of comparison in figs. 702-704. These 
canals are occupied in the living state by tubulai* piolongations of 
the mantle, whose interior is filled with a fluid containing minute 
cells and gianules, which, from its corresponding in appearance with 
the fluid contained in the great minuses of the mantle, may perhaps 
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be considered to be the animars blood. Of their special function in 
the economy of the animal it is difficult to form any probable idea ; 
but it is interesting to remark (in connection with the hypothesis of 
a relationship between Brachiopods and Polyzoa) that they seem to 
have their parallel in extensions of the perivisceral cavity of many 
species of Flustra^ Eschar a, Lepralia^ &c., into passages excavated in 
the walls of the cells of the polyzoary. Professor Sollas * finds in 
the centre of these prolongations an axial fibre which can be traced 
backwards to the nerve-cells of the mantle ; at the distal end is a 
terminal cell which is connected by a fibril with the axial fibre, and 
is covered externally by a transparent chitinous layer ; save for the 
absence (or the unproved presence) of pigment cells w-e should be 
justified in regarding the processes as organs which are sensitive to 
luminous impressions. 

In the family Rhynchomllidce., which is represented by only 
six recent species, but which contains a very large pro2X)rtion of 



Fig. 702. Fig. 708. Fi(}. 704 


Fig. 702. — Horizontal section of shell of Terchratula hiillata (fossil, Oolite). 

Fig. 708. „ „ Megerha lima (fossil, Chalk). 

Fig. 704. ,, ,, Sjnriferina rostrata (Triassic). 

fossil Brachiopods, these canals are almost entii*ely absent ; so 
that the uniformity of their presence in the Terelwatididcp., and theii- 
general absence in the Rhynchomllidcp, supply a chaiacter of 
great value in the discrimination of the fossil shells belonging 
to these two groups respectively. Great caution is necessary, 
however, in applying this test ; mere surface markings cannot he 
relied on ; and no statement on this point is worthy of reliance 
which is not based on a microscopic examination of thin sections of 
the shell. In the families Spiriferidce and Strophomenide^, on the 
other hand, some species possess the perforations, whilst others are 
destitute of them ; so that their presence or absence there serves only 
to mark out subordinate groups. This, however, is what holds good 
in regard to characters of almost every description in other depart- 
ments of natural history; a character which is of fundamental 
importance from its close relation to the general plan of organisation 
in one group being, from its want of constancy, of far less account 
in another. 2 

1 Proc. Boy. Dublin Soc. v. 818. 

2 For a particular account of the Author’s researches on this group see his memoir 
on the subject, forming part of the introduction of Mr. Davidson’s Monograph of the 
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There is not by any means the same amount of diversity in the 
structure of the shell in the class of Gastropods, a certain typical 
plan of construction being common to by far the gi eater numbei* of 
them. The small proportion of animal matter contained in most of 
these shells is a very marked feature in their character, and it 
serves to render other features indistinct, since the residuum left 
after the removal of the C4ilcareous matter is usually so imperfect as 
to give no clue whatever to the explanation of the appeaiances shown 
by sections. Nevertheless, the structure of these shells is by no 
means homogeneous, but always exhibits indications, more oi* less 
clear, of a definite arrangement. The ‘ porcellanous ’ shells are com- 
posed of three layers, all presenting the same kind of structure, but 
each differing from the others in the mode in which this is disposed. 
For each layer is made up of an assemblage of thin laminae placed 
side by 'side, which separate one from another, apparently in the 
planes of rhomboidal cleavage, when the shell is fractured ; and, as 
was first pointed out by Mr. Bowerbank, each of these laminae con- 
sists of a series of elongated spicules (considered by him as prismatic 
cells filled with carbonate of lime) lying side by side in close apposi- 
tion ; and these series are disposed alternately in contrary directions, 
so as to intei'sect each other nearly at right angles, though still 
lying in parallel planes. The direction of the planes is different, 
however, in the three layers of the shell, bearing the same relation 
to each other as have those three sides of a cube which meet each 
other at the same angle ; and by this arrangement, which is better 
seen in the fractured edge of the Gyprcea or any similar shell than 
in thin sections, the strength of the shell is greatly augmented. A 
similar arrangement, obviously answering the same purpose, has 
been shown by the late Sir John Tomes to exist in the enamel 
of the teeth of Rodent ia, and by Professor Rolleston in that of the 
elephant. 

The principal departures from this plan of structure are seen in 
Patella, Chiton, Haliotis, Turbo and its allies, and in the ‘ naked ' 
Gastropods, many of which last, both teirestrial and marine, have 
some rudiment of a shell. Thus in the common slug, Limaor, rufus, 
a thin oval plate of calcareous texture is found imbedded in the 
shield-like fold of the mantle covering the fore part of its back ; and 
if this be examined in an early stage of its growth it is found to 
consist of an aggregation of minute calcareous nodules, generally 
somewhat hexagonal in form, and sometimes quite transparent, 
whilst in other instances it presents an appearance closely resembling 
that delineated in fig. 698. In the epidermis of the mantle of some 
species of Doo*is, on the other hand, we find long calcareous spicules, 
generally lying in parallel directions, but not in contact with each 
other, giving fomness to the whole of its dorsjxl portion ; and these 
are sometimes covered with small tubercles, like the spicules of 

British Fossil Brachiopoda, published by the Palseontographical Society. A very 
remarkable example of the importance of the presence or absence of the perforations 
in distinguishing shells whose internal structure shows them to be generically dif- 
ferent, whilst from their external conformation they would be supposed to be not 
only generically but specifically identical, will be found in the Ann. Nat. Hist. 
ser. iii. voL xx. 1867, p. 68. 
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Gorgonia. They may be separated from the soft tissue in which 
they are imbedded by means of caustic potash ; and when treated 
with dilute acid, whereby the calcareous matter is dissolved away, 
an organic basis is left, retaining in some degree the form of the 
original spicule. This basis seems to be a cell in the earliest stage of 
its formation, being an isolated particle of protoplasm without wall 
or cavity, and the close correspondence between the appearance pre- 
sented by thin sections of various univalve shells, and the forms of 
the spicules of Doris, seems to justify the conclusion that even the 
most compact shells of this group are constructed out of the like 
elements, in a state of closer aggregation and more definite arrange- 
ment, with the occ<asional occurrence of a layer of more spheroidal 
bodies of the same kind, like those forming the vestigial shell of 
Limax. 

The structure of shells generally is best examined by making 
sections in different planes as nearly parallel as may be possible to 
the surfaces of the shell, and other sections at right angles to these ; 
the former may be designated as horizontal, the latter as vertical. 
Nothing need here be added to the full directions for making such 
sections which have already been given. Many of them are beautiful 
and interesting objects for the polariscope. Much valuable informa - 
tion may also be derived from the examination of the surfaces pre- 
sented by fracture. The membranous residua left after the decalci- 
fication of the shell by dilute acid may be mounted in weak spirit oi* 
in Goadby’s solution. 

The animals composing the cl.ass of Ce])halo 2 )oda (cuttle-fish and 
nautilus tribe) are for the most part without shells ; and the 
structure of the few that we meet with in the genera Nautilus, Argo- 
nauta (‘paper nautilus’), and Spirilla does not present any peculi- 
arities that need here detain us. The rudimentary shell or sepiostaire 
of the common cuttle-fish, however, which is frequently spoken of 
as the ‘cuttle-fish bone,’ exhibits a very beautiful and remarkable 
structure, such as causes sections of it to be very interesting micro- 
scopic objects. The outer shelly portion of this body consists of 
horny layers, alternating with calcified layers, in which last may be 
seen an hexagonal arrangement somewhat coiTesponding with that 
shown in fig. 698. The soft friable substance that occupies the hollow 
of this boat-shaped shell is formed of a number of delicate calcareous 
plates running across it from one side to the other in parallel 
directions, but separated by intervals several times wider than the 
thickness of the plates ; and these intervals are in great part filled 
up by what appear to be fibres or slender pillars passing from one 
plate or floor to another. A more careful examination shows, 
however, that, instead of a large number of detached pillars, there 
exists a comparatively small number of very thin sinuous laminae, 
which pass from one surface to the other, winding and doubling upon 
themselves, so that each lamina occupies a considerable space. Their 
precise arrangement is best seen by examining the parallel plates, 
after the sinuous laminae have been detached from them, the lines 
of junction being distinctly indicated upon these. By this arrange- 
ment each layer is most effectually supported by those with which 

3 o 
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it is connected above and below, and the sinuosity of the thin 
intervening laminse, answeiing exactly the same purpose as the 
‘ corrugation ^ given to iron plates for the sake of diminishing their 
flexibility, adds greatly to the strength of this curious texture, 
which is at the same time lightened by the large amount of open 
space between the parallel plates that intervenes among the sinu- 
osities of the lamime. The best method of examining this structure 
is to make sections of it with a sharp knife in various directions, 
taking cai*e that the sections are no thicker than is requisite for 
holding together ; these may be mounted on a black ground as 
opaque objects, or in Canada balsam as transparent objects, undei* 
which last aspect they furnish very beautiful objects for the polari- 


scope. 

Palate of Cephalophorous Molluscs. — The organ which is 
sometimes referred to under this designation, and sometimes 

as the ‘ tongue,' is one of a 
singular nature, and 
cannot be likened to either 
tongue or the palate of 
higher animals ; it is best to 
distinctive name 

tube that passes backwards 
downwai-ds beneath the 
* mouth, closed at its hinder 

end, whilst in front it opens 
obliquely upon the floor of 

„ the mouth, being (as it were) 

Pig. 705. — Portion of the left half of the palate tx i ^ i ^ 

of Helix hortejisis, the rows of teeth near Spiead OUt SO as 
the edge separated from each other to show to form a nearly flat surface, 
their form. interior of the tube, 

as well as on the flat expan- 
sion of it, we find numerous transverse rows of minute teeth, which 




are set upon flattened jilates, each piincipal tooth sometimes 
having a basal plate of its own, whilst in other instances one plate 
cariies several teeth. Of the formei* arrangement we have an 
example in the palate of many terrestrial Gastropods, such as the 
snail [Helix) and slug [Limax)^ in which the number of plates in 
each row is very considerable (figs. 705, 706), amounting to 180 
in the large garden slug [Limaxi maxim'its) ; whilst the latter prevails 
in many marine Gastropods, such as the common whelk [Bacchnim 
undatum)^ the palate of which has only three plates in each i-ow, one 
bearing the small central teeth, and the two others the large lateial 
teeth (fig. 709). The length of the palatal tube and the number of 
rows of teeth vary greatly in different species. Generally speaking, 
the tube of the terrestrial Gastropods is shoi*t, and is contained 
entirely within the neaiiy globular head ; but the l ows of teeth 
being closely set togethei* are usually very numei'ous, there being 
frequently more than 100, and in some species as many as 160 oi* 
170 ; so that the total number of teeth may mount up, as in Helix 
pomatia^ to 21,000, and in Limax inaxinms to 26,800. The trans- 
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verse rows are usually more or less curved, as shown in lig. 706, 
whilst the longitudinal rows are quite straight, and the curvature 
takes its departure on each side from a central longitudinal row, the 
teeth of which are symmetrical, whilst those of the lateral portions 
of each transverse row present 
a modification of that symmetry, 
the prominences on the inner 
side of each tooth being sup- 
pressed, whilst those on the outer 
side are increased ; this modifica- 
tion may be observed to augment 
in degree as we pass from the 
central line towards the edges. 

The palatal tube of the 
marine Gasti'opods is generally 
longer, and its teeth larger. Fig. 706. — Palate of Hyalinia cellaria. 
ami in many instances it extends 

fill- beyond the head, which may, indeed, contain but a small 
part of it. Thus in a common limpet {Patella) we find the principal 
part of the tube to lie folded up, but perfectly free, in the abdominal 
cavity, between the gi-eatly elongated intestine and the muscular- 
foot ; and in some species its length is twice or even three times as 
great as tluit of the entire animal. In a large proportion of cases 
these palates exhibit a very marked separation between the central 
iind the lateral portions (figs. 

707, 708), the teeth of the (cen- 
tral band being frequently small 
and smooth at their- edges, 
whilst those of the lateral ai*e 
large and serr ated. The palate 
of Troclius ^^huphinas, r-epre- 
.sented irr fig. 707, is one of the 
most beautiful examples of this 
fornr, not only the la.i-ge teeth 
of the lateral bands, brrt the 
delicate leaf-like teeth of the 
central por-tion having their 
edges minutely ser-r-ated. A yet 
more complex type, however, is 
forrnd in the ])alate of Haliotis^ 
in which there is a central band 
of teeth having nearly straight Fig. 707 .— Palate of Trochus zizypldnus. 
edges instead of points ; then, on 

each side, a lateral band consisting of large teeth shaped like those 
of the shai-k ; and beyond this, again, another lateral band on either 
side, composed of several rows of smaller teeth. V'ery curious 
diflerences also present themselves among the difterent species of 
the same genus. Thus in Doris j)llosa the central band is almost 
entirely wanting, arrd each lateral band is formed of a single row 
of very large hooked teeth, set obliquely like those of the lateral 
band in fig. 707 ; whilst in Doris tuhercidata the central band is the 
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part most developed, and contains a number of rows of conical teeth, 
standing almost perpendicularly, like those of a harrow (fig. 708). 

Many other varieties might be described did space permit ; but 
we must be content with adding that the form and arrangement of 
the teetli of these ‘ palates ’ afford characters of gi-eat value in classi- 
fication, as was first pointed out by Professor Lovcn (of Stockholm) 
in 1847, and has been since very strongly urged by Dr. J. E. Gray, 
who considers that the structure of these oi*gans is one of the best 
guides to the natural affinities of the species, geiiei a, and fiimilies of 
tiiis gi'oup, since any important alteration in the form or position of 
the teeth must be accompanied by some cori*esj)onding peculiarity in 
the habits and food of the animal.^ Hence a systematic examination 
and delineation of the structure and arrangement of these organs, by 
the aid of the micr oscope and camera lucida, would be of the greatest 
service to this department of natural history. The short thick tube 

of Limax and other terrestrial 
Gastr‘opods appears adapted for 
the tritui^atiorr of the food pre- 
viously to its passirrg into the 
oesophagus ; for in these arrimals 
we find the roof of the mouth 
funrished with a large strong 
horny plate, against which the 
flat end of the tongue can work. 
On the other hand, the flattened 
portion of the palate of Bucci- 
num (whelk) arrd its allies is 
used by these animals as a file, 
with which they bore holes 
throirgh the shells of the molluscs 
that serve as their pr*ey ; this 
they are enabled to eftect by everting that part of the proboscis- 
shaped mouth whose floor is formed by the flattened part of the 
tube, which is thus brought to the exterior, and by giving a kind of 
sawing motion to the oigan by means of the alternate action of 
two pairs of muscles — a pi’otractor and a retractoi* — which put 
forth and draw back a pair of cartilages whereon the tongue is 
supported, and also elevate and depress its teeth. The use of the 
long blind tubular part of the palate in these Gastropods is that 
of a ‘ cavity of reserve,’ from which a new toothed surface may be 
continually supplied as the old one is worn away — somewhat as the 
fi'ont teeth of the rodents are constantly being regeneiated from the 
surface of the pulps which occupy their hollow conical bases — as fast 
as they are rubbed down at their edges, or as a nail is constantly 
being worn away at its free end, and fashioned anew in its 
‘ bed.’ 

The preparation of these palates for the microscope can, of course, 
be only accomplished by carefully dissecting them from their attach- 
ments within the head ; and it will be also necessary to remove the 
membrane that forms the sheath of the tube, when this is thick 
' Ann. Nat, HisL ser. ii, vol, x. 1852, p. 413. 



Fig. 708. — Palate of Dons tiibt k ulata. 
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enough to interfere with its transparencje. The tube itself should be 
slit up with a pair of fine scissors through its entire length, and 
should be so opened out that its expanded 
surface may be a continuation of that 
which forms tlie floor of ,the mouth. The 
mode of mounting it will depend upon the 
manner in which it is to be viewed. For 
the ordinary purposes of microscopic ex- 
amination no method is so good tis mount- 
ing in fluid, either weak spirit or Goadby’s 
solution answering very well. But many 
of these pnhiti's, especially those of the 
marine ( Jast i ()[)()ds, become most beautiful 
objects for the polariscope when they are 
mounted in Canada balsam, the form 
and arrangement of the teeth being very 
strongly brought out by it (fig. 709), and 
a gorgeous play of colours being exhibited 
when a selenite plate is placed behind the 
object, and the analysing prism is made to 
rotate.^ 

Development of Molluscs. — Leaving to 
the scientific embryologist the large field of study that lies open to 
him in this direction,^ the ordinary microscopist will find much to 
interest him in the observation of certain special phenomena of 
which a general account will be here given. Attached to the gills of 
fresh- water mussels (Unio and Anodon) thei*e are often found in the 
spring or early summer minute bodies which, when first observed, 
were descril)ed as parasites, iindei* the name of Glochiduiy but are 
now known to be their own progeny in an early phase of develop- 
ment. When they are expelled from between the valves of their 
parent, they attach themselves in a peculiar manner to the fins and 
gills of fresh-water fish. In this stage of the existence of the young 
Anodon^ its valves are provided with curious barbed or serrated 
hooks (fig. 710, A), and are continually snapping together, until 
they have inserted their hooks into the skin of the fish, wdiich seems 
so to retain the barbs as to prevent the i*eopening of the valves. In 
this stage of its existence no internal organ is definitely formed, 
except the strong ‘ adductor ’ musc^le {aad) which draws the valves 
together, and the long, slender byssus-b lament {hy) which makes 
its appearance while the embryo is still within the egg-mem- 
brane, lying coiled up between tlie lateral lobes. The hollow of 

each valve is filled with a soft granular-looking mass, in which 
are to be <listinguislied what are perhaps the rudiments of the 

1 For additional details on the organisation of the palate and teeth of the 
Gastropod molluscs, see Mr. W. Thomson in Cyclop. Aitol. <nid Physiol. 'vo\. 
pp. 1142, 1148, and in A nn. Nat. Hist. ser. ii. vol. vii. j). H(j ; Professor Troschel, Das 
Gehiss der Sclmeckein, Berlin, 1856-79; A. Rucker, ‘ Ueber die Bildung der Radula 
bei Helix po7natia^' Bed chi oherhess. Gesellsch. Giessen^ xxii. p. 209 ; P. Geddes, ‘ On 
the Mechanism of the Odoutophore in certain Molluscs,’ Trans. Zliol. Soc. x. p. 485. 

See Balfour’s ConnHirative Embryology., vol. i. chap. ix. More recent text- 
books of embryology, such as that of Professor Korschelt and Heider, need not here 
be specifically cited. 



Fig. 709. — Palate of Bucci- 
num undatum as seen under 
polarised light. 
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branchiae and of oral tentacles ; but their nature can only be cer- 
tainly determined by further observation, which is rendered difficult 
by the opacity of the valves. By keeping a supply of fish, however, 
with these embryos attached, the entire histoiy of the development 
of the fresh- water mussel may be worked out.^ 

In certain members of the class Gastropoda the history of em- 
bryonic development presents numerous phenomena of great interest. 
The eggs (save among the terrestrial species) are usually deposited in 
aggregate masses, each inclosed in a common piotective envelope or 
nidainentum. The nature of this envelope, however, varies greatly ; 
thus, in the common Limnmus staynalis, or ‘ water-snail,’ of our ponds 
and ditches it is nothing else than a mass of soft jelly, about the size 
of a sixpence, in which from fifty to sixty eggs are imbedded, and 
which is attached to the leaves oi* stems of aquatic plants ; in the 
Bmcinum undatum, or common whelk, it is a membranous case, 

A li 



Fio. 710. — A, Glocliidium immediately after it is hatched . ad, ad- 
ductor ; «//., shell ; hij, byssus-cord ; s, sense-organs B, the same 
after it has been on the fish for some weeks : hr, braiichiie ; auv, 
auditory sac; /, food; a,ad and anterior and xiosterior 

adductors ; at, mesenteron ; mt, mantle. 

connected with a considerable number of similar cases by short stalks, 
so as to form large globular masses which may often be picked up on 
our shores, especially between Api il and J une ; in the Piirjmra 
lapillus, or ‘ rock-whelk,’ it is a little flask-shaped capsule, having 
a firm horny wall, which is attached by a short stem to the surface 
of rocks between tide marks, great numbers being often found 
standing erect side by side; whilst in the Nudibranchiate order 
generally (consisting of the Do^ds, Eolis, other ‘ sea-slugs ’) it 
forms a long tube with a membranous wall, in which immense 
numbers of eggs (even half a million or more) are packed closely 
togethei* in the midst of a jelly-like substance, this tube being disposed 
in coils of various forms, which are usually attached to seaweeds or 
zoophytes. The course of development, in the first and last of these 
instances, may be readily observed from the very earliest period down 

1 See the Rev. W. Houghton, ‘ On the Parasitic Nature of the Fry of the Ano- 
donta cygnea, in Quart. Journ. Mtarosc. Sci, n.s. vol. ii. 1861, p. 162, and especially 
Balfour, op. cit. pp. 220-228. On the embryonal byssus-gland of A')iodonta, see 
J. Carrifere, Zbolog. Anzeig. vii. j). 41. 
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to that of the emersion of the embryo, owing to the extreme trans- 
parence of the nidamentum and of the egg-membranes themselves. 
The first change which will be noticed by the ordinary observer is 
the ‘ segmentation ’ of the yolk-mass, which divides itself (after the 
manner of a cell undergoing binary subdivision) into two parts, each 
of these two into two others, and so on until a 'morula^ or mulberry- 
like mass of minute yolk-segments, is produced (fig. 711, A-F), 
which is converted by ‘ invagination ’ into a ‘ gastrula,’ whose form 


ABC D 



Fro. 711. — Embryonic development of Dons Inlamellata ; A, ovum, consist- 
ing of enveloping membrane, a, and yolk, h\ B, C, D, E, F, successive 
stages of segmentation of yolk ; G, first marking out of the shape of the 
embryo ; H, embryo on the eighth day ; I, the same on the ninth day ; K, the 
same on the twelfth day, seen on the left side at L ; M, still more advanced 
embryo, seen at N as retracted within its shell ; a, position of shell-gland ; 
c, c, ciliated lobes ; cl, foot ; g, hard plate or operculum attached to it ; 
h, stomach ; i, intestine ; m, 7i, masses (glandular ?) at the sides of the 
oesoirhagus; o, heart (?) ; s, retractor muscle (?) ; t, situation of funnel; 
V, membrane enveloping the body ; x, auditory vesicles ; y, mouth. 
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is shown at G. This ‘gastrula’ soon begins to exhibit a very curious 
alternating rotation within the egg, two or three turns being made 
in one direction, and the same number in a i*everse direction : this 
movement is due to the cilia fringing a sort of fold of the ecto- 
derm termed the velum^ which afterwards usually gives origin to a 
pair of large ciliated lobes (H-L, c) resembling those of Rotifers. 
The velum is so little developed in Limnceus, however, that its 
existence was commonly overlooked until recognised by Professor 
Ray Lankester,^ who also has been able to distinguish its fringe of 
minute cilia. This, howevei-, has only a tiansitory existence ; and 
the latei- i-otation of the embryo, which pi*esents a veiy curious 
spectacle when a number of ova are viewed at once under a low 
magnifying power, is due to the action of the cilia fringing the head 
and foot. 

A separation is usually seen at an early period between the 
anterior or ‘cephalic’ poi'tion, and the posterior or ‘ viscei*al ’ portion, 
of the embryonic mass, and the development of the former advances 
with the greater activity. One of the first (ihanges which are seen in 
it consists in its extension into a sort of fin-like membrane on either 
side, the edges of which are fringed with long cilia (fig. 711, H-L, c), 
whose movements may be clearly distinguished whilst the embryo is 
still shut up within the egg ; at a veiy eai’ly i^eriod may also be dis- 
cerned the ‘auditory vesicles’ (K,a7) or rudimentary organs of hearing, 
which scarcely attain any higher development in these creatures 
during the whole of life ; and from the immediate neighbourhood of 
these is put forth a projection, which is aftei*wards to be evolved into 
the ‘ foot ’ or muscular disc of the animal. While these organs are 
making their appearance, the shell is being formed on the surface of 
the posterior poi'tion, appearing fii*st as a thin covering over its hinder 
part and gradually extending itself until it becomes large enough to 
inclose the embryo completely, when this contracts itself. The 
ciliated lobes are best seen in the embryos of Nudibranchs ; and the 
fact of the universal presence of a shell in the embryos of that group 
is of peculiar interest, as it is destined to be cast off very soon after 
they enter upon active life. These embryos may be seen to move 
about, as freely as the narrowness of their prison permits, foi* some 
time previous to their emersion ; and when set free by the rupture 
of the egg-cases they swim forth with great activity by the action 
of their ciliated lobes — these, like the ‘wheels’ of Rotifera, serving also 
to bring food to the mouth, which is at that time unprovided with 
the reducing apparatus subsequently found in it. The same is true 
of the embryo of Lymnceus, save that its swimming movements ai*e 
less active, in consequence of the non- development of the ciliated 
lobes ; and the currents produced by the cilia that fringe the head 
and the orifice of the respiratory sac seem to have reference chiefly 
to the provision of supplies of food and of aerated water for respira- 

^ See his valuable * Observations on the Development of LimjicBus st agnails and 
on the early stages of other Mollusca ’ in Quart. Joum. ’Microsc. Sci. October 1874 ; 
and ‘ On the Developmental History of the Mollusca/ Phil. Trans. 1875. See also 
Lereboullet, ‘ Kecherches sur le D^veloppement du Limn^e/ in Ann. des Sci. Nat. 
Zool. 4« s^rie, tom. xviii. p. 47. 
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tion. The disappearance of the cilia has been observed by Mr. Hogg 
to be coincident with the development of the teeth to a degree suf- 
ficient to enable the young water-snail to crop its vegetable food ; 
and he has further ascertained that if the growing animal be kept in 
fresh water alone for some time, without vegetable matter of any 
kind, the gastric teeth are very imperfectly developed, and the cilia 
are still retained.^ 

A very curious modification of the oidinary plan of development 
is presented in Purpura lapillus, and it is probable that something 
of the same kind exists also in Buccinum^ as well as in other Gas- 
ti’opods of the same extensive order (Fectinihraucliiata). Each of 
the capsules already described contains from 500 to 600 egg-like 
bodies (fig. 712, A) imbedded in a viscid gelatinous substance ; but 
only from twelve to thii*ty embryos usually attain complete develop- 
ment, and it is obvious, from the large compai'ative size which these 
attain (fig. 713, B), that each of 
them must include an amount of 
substance equal to that of a great 
number of the bodies originally 
found within the capsule. The 
explanation of this fact (long 
since noticed by Dr. J. E. Gray 
in regard to Bucclnum) seems to 
be as follows. Of those 500 or 
600 egg-like bodies, only a small 
part are fertile ova, the remaindei* 
being unfertilised eggs, the yolk 
material of which serves for the 
nutrition of the embryos in the 
later stages of their intracapsular 
life. The distinction between 
them manifests itself at a very 
early period, even in the first 
segmentation ; for, while the latter 
divide into two equal hemispheres (fig. 712, B), the fertilised ova 
divide into a larger and a smaller segment (D) ; in the cleft between 
these are seen the minute ‘ directive vesicles,’ which appear to be 
always double, although from being seen ‘end on,’ only one may 
be visible ; and near these is generally to be seen a clear space 
in each segment. The difierence is still more strongly marked in 
the subsequent divisions ; for whilst the cleavage of the infertile 
eggs goes on iiregularly, so as to divide each into from fourteen to 
twenty segments, having no definiteness of ai*rangement (C, E, F, G), 
that of the fertile ova takes place in such a manner as to mark out 
the distinction already alluded to between the ‘ cephalic ’ and the 
‘visceral’ portions of the mass (H), and the evolution of the 
former into distinct organs very speedily commences. In the first 
instance a narrow transparent border is seen around the whole 
embryonic mass, which is broader at the cephalic portion (I) ; next, 



Pig. 712. — Early stages of embryonic 
development of Purpura hipillus: A, 
egg-like spherule ; B, C, E, F, G, suc- 
cessive stages of segmentation of yolk- 
spherules ; D, H, 1, J, K, successive 
stages of develojnnent of early embryos. 


See TranSu Microsc* 8oc. ser, ii. vol. ii. 1854, p. 93. 
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this border is fringed with short cilia, and the cephalic extension 
into two lobes begins to show itself ; and then between the lobes a 
large mouth is formed, opening through a short wide oesophagus, 
the interior of which is ciliated, into the visceral cavity, occu- 
pied as yet only by the yolk -particles oi-iginally belonging to the 
ovum (K). 

Whilst these developmental changes are taking place in the embryo, 
the whole aggregate of segments formed by the yolk-cleavage of the 
infertile eggs coalesces into one mass, as shown at A, fig. 713 ; and 
the embryos are often, in the first instance, so completely buried 
within this as only to be discoverable by tearing its portions asunder ; 
but some of them may commonly be found upon its exteiioi*, and 
those contained in one capsule very commonly exhibit the difierent 



Fig. 71f3.~ -Later stages of embryonic development of Purpura lapillua. 
A, conglomerate mass of vitelline segments, to which were attached the 
embryos a, 6, c, ^7, e. B, full-sized embryo in more advanced stage of 
development. 


stages of development represented in fig. 712, H-K. After a short 
time, however, it becomes apparent that the most advanced embryos 
are beginning to swallow the yolk segments of the conglomerate mass, 
and capsules will not unfrequently be met with in which embryos 
of various sizes, as a, b, c, d, e (fig. 713, A), are projecting from its 
surface, their difiference of size not being accompanied by advance in 
development, but merely depending upon the amount of this ‘ supple- 
mental’ yolk which the embryos have respectively gulped down. 
For during the time in which they are engaged in appropriating this 
additional supply of nutriment, although they increase in size^ yet 
they scai'cely exhibit any other change ; so that the large embryo, 
fig, 713, e, is not apparently more advanced, as regards the formation 
of its organs, than the small embryo, fig. 712, K. So soon as this 
operation has been completed, however, and the embryo has attained 
its full bulk, the evolution of its organs takes place very rapidly ; the 
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ciliated lobes are much more highly developed, being extended in a 
long sinuous margin, so as almost to remind the observer of the 
‘ wheels ’ of Rotifera, and being furnished with very long cilia (fig. 
713, B) ; the auditory vesicles, the tentacula, the eyes, and the foot 
successively make their apj)earance ; a cui'ious i hythmically contractile 
vesicle is seen, just beneath the edge of the shell in the region of the 
neck, which may, perhaps, serve as a temporary heart ; a little later 
the real heart may be seen pulsating beneath the dorsal part of the 
shell ; and the mass of yolk-segments of which the body is made up 
gradually shapes itself into the various organs of digestion, respira- 
tion, &c., during the evolution of which (and while they are as yet far 
from complete) tlie capsule thins away at its summit and the embryos 
make their escape from it.^ 

It happens not unfrequent ly that one of the embryos which a 
capsule contains does not acquire its ‘ supplemental ’ yolk in the 
manner now described, and can only proceed in its development as fii^i- 
as its original yolk will afford it mateiial ; and thus, at the time when 
the other embryos have attained tlieii* full size and maturity, a strange- 
looking creature, consisting of two large ciliated lobes with sciircely 
the rudiment of a body, may be seen in active motion among them. 
This may happtui, indeed, not only to one, but to several embryos 
within the same capsule, especially if their number should be con- 
sidei’able ; for it sometimes appeal’s as if there wei*o not food enough 
for all, so that, whilst some attain their full dimensions and complete 
development, others remain of unusually small size, without being 
deficient in any of their organs ; and othei’s, again, are more or less 
completely abortive — the supply of supplemental yolk which they 
have obtained having been too small for the development of their 
viscera, althoiigli it may have aftbi'ded what was needed for that of 
the ciliated lobes, eyes, tentacles, auditory vesicles, and even the 
foot — or, on the other hand, no additional supply whatever having 
been acquired by them, so that their development has been arrested 
at a still earlier stage. These phenomena are of so remarkable a 
character that they furnish an abundant source of interest to any 
mici’oscopist who may happen to be spending the months of August 
and September in a locality in which the l\irpura abounds ; since, 
by opening a sufficient number of capsules, no difficulty need be 
experienced in arriving at all the ficts which have been noticed in 
this brief summaiy.^ It is much to be desired that such microscopists 

1 The Author thinks it worth while to mention the method which he has found 
most convenient for examining the contents of the egg-capsules of Purjnira, as he 
believes that it may be advantageously adopted in many other cases. This consists 
in cutting off the two ends of the capsule (taking care not to cut far into its cavity), 
and in then forcing a jet of water through it by inserting the end of a fine-iiointed 
syringe into one of the orifices thus made, so as to drive the contents of the capsule 
before it through the other. These should be received into a shallow cell and first 
examined under the simple microscope. For some further observations on the de- 
velopment of Furpura^ see Professor Haddon, ‘ Notes on the Development of the 
Mollusca,’ Quart. Journ. Mirrosc. Sci. xxii. p. 867. 

^ Fuller details on this subject will be found in the Author’s account of his re- 
searches in Trans. Microsc. Soc. ser. ii. vol. iii. 18.55, p. 17. His account of the 
process was called in question by MM. Keren and Dauielssen, who had previously 
given an entirely different version of it, but was fully confirmed by the observations 
of Dr. Dyster. See Ann. Nat. Hist. ser. ii. vol. xx. 1867, p. 16. The independent 
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as possess the requisite opportunity would apply themselves to the 
study of the corresponding history in other Pectinibranchiate Gastro- 
pods, with a view of determining how far the plan now described 
prevails through the order. And now that these molluscs have been 
brought not only to live, but to breed, in artificial aquaria, it may be 
anticipated that a great addition to our knowledge of this part of 
their life-history will ei-e long be made. 

Ciliary Motion on Gills. — There is no object that is better 
suited to exhibit the general phenomena of ciliary motion than a 
portion of the gill of some bivalve mollusc. The Oyster will answer 
the purpose sufficiently well ; but the cilia are much larger on the 
gills of the Mussel {Mytilus),^ as they are also on those of the A nodon 
or common ‘ fresh- watei* mussel ’ of our ponds and streams. Nothing 
more is necessaiy than to detach a small portion of one of the ribbon- 
like bands which will be seen running parallel with the edge of each 
of the valves when the shell is opened, and to place this, with a 
little of the liquor contained within the shell, upon a slip of glass — 
taking cai*e to spread it out sufficiently with needles to separate the 
bars of which it is composed, since it is on the edges of these, and 
round their knobbed extremities, that the ciliary movement presents 
itself — and then covering it with a thin glass disc. Or it will be 
convenient to place the object in the aquatic box, which will enable 
the observer to subject it to any degree of pressure that he may find 
convenient, A magnifying power of about 1 20 diameters is amply 
sufficient to afford a general view of this spectacle ; but a much 
greater amplification is needed to bring into view the peculiar mode in 
which the stroke of each cilium is made. Few spectacles are more 
striking to the unprepared mind than the exhibition of such won- 
derful activity as will then become apparent in a body which to all 
ordinary observation is so inert. This activity serves a double pur- 
pose ; for it not only di*ives a continual current of water over the 
surface of the gills themselves, wso as to effect the aeration of the 
blood, but also directs a portion of this curi-ent to the moTith, so 
as to supply the digestive apparatus with the aliment afforded by 
the Diatomacece, Iiifasoria, t^c. which it carries in with it. 

Organs of Sense of Molluscs. — Some of the minuter and more 
rudimentary forms of the special oi-gans of sight, hearing, and touch 
which the molluscous series presents are very interesting objects of 
microscopic examination. Thus, just within the margin of each valve 
of Pecten, we see (when we observe the animal in its living state 
under water) a row of minute circular points of great brilliancy, each 
surrounded by a dark I'ing; these are the eyes with which this 
creature is provided, and by which its peculiarly active movements 
are directed. Each of them, when their stiucture is carefully exa- 
mined, is found to be protected by a sclerotic coat with a ti*ansparent 

observations of M. Claparfede on the development of NeTitina JluviatiUs (Muller's 
Archiv, 3867, p. 109, and abstract in A7i7i. of Nat. Hist. ser. ii. vol. xx. 1857, p. 196) 
showed the mode of development in that species to be the same in all essential par- 
ticulars as that of Purpura. The subject has again been recently studied with great 
minuteness by Selenka, Niedej'lamUsches Archiv fur ZbologiCy Bd. i. July 1862. 

^ This shellfish may be obtained, not merely at the seaside, but likewise at the 
shops of the fishmongers who supply the humbler classes, even in Midland towns. 
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cornea in front, and to possess a coloured iris (having a pupil) that 
is continuous with a layer of pigment lining the sclerotic, a crystalline 
lens and vitreous body, and a retinal expansion proceeding from an 
optic nerve which passes to each eye from the trunk that runs along 
the margin of the mantled Professoi* H. N. Moseley made the 
interesting discovery that many of the Chitoiiidoi are provided with 
a large number of minute eyes on the exposed areas of the outer 
sui'fices of their shells ; as the fibres of the optic nerve are directed 
to the I’ods fi-om behind these eyes are of the ordinary invertebrate 
type, and differ therein from the just mentioned eyes of Pecten^ or 
those which are found on the back of Onchldmm^ which resemble 
the vertebrate retina in having the optic fibres insei-ted into the front 
aspect of the layer of rodsd Eyes of still higher organisation are 
borne upon the head of most (Gastropod molluscs, generally at the 
base of one of the pairs of tentacles, but sometimes, as in the Snail 
and Shtg^ at the points of these organs. In the latter case the ten- 
tacles are furnished with a very peculiai* provision for the protection 
of the eyes ; for when the extiemity of either of them is touched it 
is drawn back into the basal paih of the organ, much as the finger of 
a glove may be pushed back into the palm. The retraction of the 
tentacle is accomplished by a strong muscular band, which arises 
within the head and proceeds to the extremity of the tentacles ; 
whilst its protrusion is efiected by the agenc;y of the circular bands 
with which the tiibular wall of the tentacle is itself furnished, the 
inverted portion being (as it were) scpieezed out by the contraction 
of the lower part into which it has been drawn back. The structure 
of the eyes and the curious provision just described may easily be 
examined by snipping off one of the eye-bearing tentacles with a pair 
of scissors. None but the Cephalopod molluscs have distinct organs 
of hearing; but rudiments of such organs may be found in most 
Oastropods (fig. 711, K, .r), attached to some part of the nervous 
collar that surrounds the oesophagus, and even in many bivalves, in 
connection with the nervous ganglion imbedded in the base of the 
foot. These ‘ auditory vesicles,' as they are tei’med, are minute sac- 
culi, each of which contains a fluid, wherein are suspended a number 
of minute calcareous particles (named otoliths^ or eai*-stones), which 
are kept in a state of continual movement by the action of cilia 
lining the vesicles. This ‘wonderful spectacle,’ as it was truly 
designated by its discoverer Siebold, may be brought into view 
without any dissection by submitting the head of any small and not 
very thick-skinned Gastropod, or the young of the larger forms, to 
gentle compression under the microscope and transmitting a strong 
light through it. The very early appearance of the auditory vesicles 
in the embryo Gasti'opod has been already alluded to. Those who 
have the opportunity of examining young specimens of the common 
Pecten will find it extremely intei'esting to watch the action of the 


1 See Mr. S. J. Hickson on ‘ The Eye of Pecten ' in Quart. Jourji. Microac. Sci. 
vol. XX. n.s. 1880, p. 443, and K. E. Schreiner, * Die Augen bei Pecten und Lima,’ 
Bergena Mua. Aarhog^ 1896, no. 1, 

2 See Professor Moseley ‘ On the Presence of Eyes in the Shells of certain Chitonidse 
and on the Structure of these Organs,’ in Quart. Journ. Microac. Sci. xxv. p. 87. 
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very delicate tentacles which they have the power of putting forth 
from the margin of their mantle, the animal being confined in a 
shallow cell, or in the zoophyte trough ; and if the observer should 
be fortunate enough to obtain a specimen so young that the valves 
are quite transparent, he will find the spectacle presented by the 
ciliary movement of the gills, as well as the active play of the foot 
(of which the adult can make no such use), to be worthy of more 
than a cursory glance.^ 

Ghromatophores of Cephalopods. — Almost any species of cuttle- 
fish (Sepia) or squid (Loligo) will afford the opportunity of examining 
the very curious provision which their skin contains for changing its 
hue. This consists in the presence of numerous large ‘ pigment-cells,’ 
containing colouring matter of various tints, the prevailing colour, 
however, being that of the fluid of the ink-bag. These pigment-cells 
may present very different forms, being sometimes nearly globular, 
whilst at other times they are flattened and extended into r.adiating 
prolongations ; and, by the peculiar (.‘ontractility with which they are 
endowed, they can pass fi*om one to the other of these conditions, so 
as to spread their coloured contents over a compaiatively laige 
surface, or to limit them within a comparatively small area. Very 
commonly there are different layers of these ])igment-ce]ls, their con- 
tents having difierent hues in each layer ; and tluis a great variety of 
coloration may be given by the alteration in tlie form of the cells of 
which one or another layer is made up. Tt is, curious that the 
changes in the hue of the skin appear to be influenced, as in the case 
of the chameleon, by the colour of the surface with which it may b(‘ 
in proximity. The alternate contractions and extensions of these 
pigment-cells, or c/o*o/aafo;)/io?*es, may be easily observed in a piece of 
skin detached from the living animal and viewed as a transparent 
object, since they will continue for some time if the skin be placed 
in sea- water. And they may also be well seen in the embryo cuttle- 
fish, which will sometimes be found in a state of sufficient advance- 
ment in the grape-like eggs of these animals attached to sea-weeds, 
zoophytes, A:c. The eggs of tlie small cuttle-fish termed the Sejnola^ 
which is very common on our southern coasts, are imbedded, like those 
of the Doris, in gelatinous masses which are attached to seaweeds, 
zoophytes, Szc. ; and theii- embryos, when near maturity, are ex- 
tremely beautifid and interesting objects, being sufficiently trans- 
parent to allow the action of the heart to be distinguished, as well as 
to show most advantageously the changes incessantly occurring in 
the form and hue of the ‘ chroniatopliores.’ ^ 

^ Much valuable information concerning the sensory organs of molluscs will be 
found in Dr. H. Simroth’s memoir, ‘ Ueber die Sinneswerkzeuge unaerer emheimi- 
schenWeichihiere,' Z eifsrh7\ fur tviss. ZUol. xxvi. p. 227. 

^ For further information regarding the chromatophores see an essay by Dr. 
Klemensiewicz in the Hitzungshericlite of the Vienna Academy, vol. Ixxviii. p. 7, 
and Krukenberg, Verql. physiol. Studien, 1880. 

The following works and memoirs on the Mollusca generally may be consulted by 
the student: S. P. Woodward, A Manual of the Mollusca, 3rd ed. London, 1875; 
Keferstem, in Bronn’s Klassen und Ordnungen des Thierreichs ; the article ‘ Mollusca,’ 
by Professor Ray Lankester, in the 9th edition of the Encgclo 2 ^cedia Britannica ; 
M. P. Fischer’s Manuel de Conchyliologie, Paris, 1881-87; and the Rev. A. H. 
Cooke’s volume in the Cambridge Natural History ; as well as the numerous reports 
on the Mollusca collected by H.M.S. Challenger. 
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CHAPTER XIX 
WOBMS 

Under the general designation of Woi*ms many naturalists still 
group a niimbei* of Metazoa, which differ considei*ably among them- 
selves, and exhibit on the one hand very simple, and on the other 
somewhat complex plans of organisation ; the assemblage is, indeed, 
hardly anything else than a zoological lumhei*-i*oom, fi*om which, 
with the pi’ogress of research, group after group may he expected to 
be removed. Among others there are included in it the Entozoa or 
intestinal worms, the Rotifera or wheel-animalcules, Tarhellaria, aiid 
Annvlata, each of which furnishes many objects foi* microscopic 
examination that ai*e of the highest scientific interest. As our 
business, however, is less with the pi-ofessed morjdiologist than with 
the genei'al inquirer into the minute won<lei*s and beauties of Nature, 
we shall pass over thes(‘ classes (the Rotifera having been already 
treated of in detail, Chaptei* XITI) with only a- notice of such points as 
are likely to be specially deserving the attention of observers of the 
latter ordei*. 

Entozoa. — This term is one which has been ap})lied to such worms 
as are parasitic within the bodies of other animals, and which obtain 
their nutiiment by the absorption of the juices of thes(% thus 
bearing a- striking analogy to the parasitic Fungi. ^ The most re- 
mai'kjible feature in their structui-e consists in the entire absence or 
the extremely low development of their nutritive system, and the 
extraordinary development of their repro<luctive apparatus. Thus 
in the common Tamici tape-woi*m ^), which may be taken as the type 
of the Cestoid group, thei'e is neither mouth nor stomach, the so-called 
‘ head ’ being merely an organ for attachment, whilst the segments of 
the ‘body’ contain repetitions of a c^omplex generativ’e a})2-)aratus, 
the male and female sexual organs being so united in each as to 
enable it to fei*tilise and bidng to maturity its own very numerous 
eggs ; and the chief connection between these segments is established 
by two pairs of longitudinal canals, which appear to represent the 
‘ water- vascular system,’ whose simplest condition has been noticed 
in the wheel-animalcule. Few among the striking i*esults of micro- 
scopic inquiry have been more curious than the elucidation of the 
real nature of the bodies formerly denominated ci/stic Entozoa, which 

^ The most important work on human entozoic parasites is that by Professor 
Leuckart, Die menschliclien Farasiten, of which a second edition is now in course 
of publication ; of this the first portion has been translated into English by 
Mr. W. E. Hoyle. 
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had been previously ranked as a distinct group. These are not 
found, like the preceding, in the cavity of the alimentary canal of 
the animals they infest, but always occur in the substance of solid 
organs, such as the glands, muscles, &c. They present themselves to 
the eye as bags or vesicles of various sizes, sometimes occurring 
singly, sometimes in groups; but upon careful examination each 
vesicle is found to bear upon some part a ^ head ’ furnished with 
booklets and suckers ; and this may be either single, as in Cysticercus 
(the entozbon whose presence gives to pork what is known as the 
‘ measly’ disorder), or multiple, as in Camxims^ which is developed in 
the brain, chiefly of sheep, where it gives rise to the disorder known 
as ‘ the staggers.’ Now, in none of these cystic forms has any 
generative apparatus ever been discovered, and hence they are ob- 
viously to be considei*ed as imperfect animals. The close resemblance 
between the ‘ heads ’ of certain Cysticerci and that of certain Tmnice 
first suggested that the two might be diflferent states of the same 
animal; and experiments made by those who have devoted them- 
selves to the working out of this curious subject have led to the 
assured conclusion that the cystic Entozoa are nothing else than 
cestoid worms, whose development has been modified by the 
peculiarity of their position, the large bag being formed by a sort 
of dropsical accumulation of fluid when the young are evolved in the 
midst of solid tissues ; whilst the very same bodies, conveyed into the 
alimentary canal of some cai-nivorous animal which lais fed upon the 
flesh infested with them, begin to bud foi*th the generative segments, 
the long succession of which, united end to end, gives to the entire 
series a band -like aspect. 

Other forms of Entozoa belong to the Nematoid or thread-like 
order — of which the common Ascciris may be taken as a type ; one 
species of this (the A . kimhricoides or ‘ round worm ’) is a common 
parasite in the small intestine of man, while another (the Oxxjuris 
vermicularis or ‘ thread-worm ’) is found rather in the lower bowel — 
and they are much less profoundly degraded in their organisation ; 
they have a distinct alimentary canal, which commences with a mouth 
at the anterior extremity of the body, and which teiininates by an anal 
orifice near the other extremity ; and they also possess a regular 
arrangement of circular and longitudinal muscular fibres by which 
the body can be shortened, elongated, or bent in any direction. The 
smaller Nematode worms, by some or other of which almost every 
vertebrated animal is infested, are so transparent that every part of 
their internal organisation may be made out, especially with the 
assistance of the compressor, without any dissection ; and the study 
of the structure and actions of their generative apparatus has yielded 
many very interesting results, especially in regard to the first forma- 
tion of the ova, the mode of their fei tilisation, and the history of 
their subsequent development.^ Some of the worms belonging to 
this group are not parasitic in the bodies of other animals, but live 
in the midst of dead or decomposing vegetable matter. Others, such 
as Gordius or the ‘ hair-worm,' are parasitic for the greater part of 

^ See particularly the various recent memoirs of Van Beneden and of Boveri, based 
on a study of Ascaris megalocephala. 
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their existence, but leave their host for the purpose of maturing 
their generative products ; in these later stages the Gordiim is fre- 
quently found in large knot-like masses (whence its name) in the 
water or mud of the pools inhabited by the insects in which the 
earlier stages were passed. The Anguillulce are little eel-like worms, 
of which one species, is very often found in fresh water 

amongst Desmidioe^ Gonfervoe, &c., also in wet moss and moist earth, 
and sometimes also in the alimentary canals of snails, frogs, fishes, 
insects, and larger worms ; whilst an allied species, Tylencims tritici^ 
is met with in the ears of wheat aftected with the blight termed the 
‘cockle;’ another, the A. glutmis (^1. aceti), is found in sour paste, 
and was often found in stale vinegar, until the more complete 
removal of mucilage and the addition of sulphuric acid, in the 
course of the manufacture, rendered this liquid a less favourable 
‘ habitat ’ for these little creatures. A writhing mass of any of these 
species of ‘ eels ’ is one of the most curious spectacles which the 
microscopist can exhibit to the unscientific observer ; and the 
capability which they all possess (in common with Rotifers and 
Tardigrades) of revival after desiccation, at a very remote interval, 
enables him to command the spectacle at any time. A grain of 
wheat within which these worms (often erroneously called Vibrioiies) 
are being developed gradually assumes the ap 2 )earance of a black 
pejoj^ercorn ; and if it he divided the interior will be found almost 
completely filled with a dense white cottony mass, occuj^ying the 
place of the Hour, and leaving merely a small jdace for a little 
glutinous matter. The cottony substance seems to the eye to consist 
of bundles of fine fibres closely imeked together ; but on taking out 
a small jiortion, and j^utting it under the microscope with a little 
water under a thin glass cover, it will be found after a short time (if 
not immediately) to be a wriggling mass of life, the apparent fibres 
being really Anguillulm or ‘eels’ of the microscopist. If the seeds 
be soaked in water for a cou2>le of houi’S before they are laid open, 
the eels will be found in a state of activity from the first ; their 
movements, however, are by no means so energetic as those of the 
A. ylutinis, or ‘ j)aste eel.’ This last frequently makes its appearance 
spontaneously in the midst of jjaste that is turning sour ; but the 
best means of securing a supply for any occasion consists in allowing 
a portion of any mass of jjaste in which they may present themselves 
to dry up, and then, laying this by so long as it may not be wanted, 
to introduce it into a mass of fresh paste, which if it be kept warm 
and moist will be found after a few days to swarm with these curious 
little creatures. 

Besides the foregoing orders of Entozoa, the Tremiatode group, 
which is more closely allied to the Cestoda than to the Nematodes, 
must be named ; of this the Distoma hepaticitm^ or ‘ fluke,’ found 
in the livers of sheep affected with the ‘ rot,’ is a typical example. 
Into the details of the structure of this animal, which has the 
general form of a sole, there is no occasion for us here to enter ; 
it is remarkable, however, for the branching form of its diges- 
tive cavity, which extends throughout almost the entire body, very 
much as in the allied Planarice (fig. 714) ; and also for the curious 
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phenomena of its development, several distinct forms being passed 
through between one sexual generation and another. These have 
been especially studied in the Bistoma, which infests Paludina^ 
the ova of which are not developed into the likeness of their 
parents, but into minute worm-like bodies, which seem to be little 
else than masses of cells inclosed in a contractile integument, no 
formed organs being found in them ; these cells, in their turn, are 
developed into independent larvae, which escape from their contain- 
ing cyst in the condition of free ciliated animalcules ; in this con- 
dition they remain for some time, and then imbed themselves in 
the mucus that covers the tail of the mollusc, in which they undergo 
a gradual development into true Bistomahi ; and having thus ac- 
quired their perfect form, they peneti-ate the soft integument, and 
take up their habitation in the interior of the body. Thus a con- 
siderable number of Bistomata may be produced from a single ovum 
by a process of cell-multiplication in an etirly stage of its develop- 
ment. In some instances the free ciliated larvae are provided with 
pigment-spots or rudimentary optic organs, although these organs are 
wanting in the fully developed Bistoma, the peculiar ‘ habitat ^ of 
which would render them useless.^ 

Tnrbellaria. — This group of animals, which is distinguished by 
the presence of cilia over the entire surface of the body, contains 
forms which are among the simplest of those in which the Metazoic 
organisation obtains. It deserves special notice here chiefly on ac- 
count of the frequency with which the worms of the Planarian 
tribe present themselves among collections both of marine and of 
fresh-water animals (particular species inhabiting either locality) 
and on account of the curious organisation which many of these 
possess. Most of the members of this tribe have elongated, flattened 
bodies, and move by a sort of gliding or crawling action over the 
surfaces of aquatic plants and animals. Some of the smaller kinds 
are sufficiently transparent to allow of their internal structure being 
seen by transmitted light, especially when they are slightly com- 
pressed ; and the opposite figure (fig. 714) displays the general 
conformation of their principal organs as thus shown. The body 
has the flattened sole-like shape of the Trematode Entozoa ; its 
mouth, which is Ksituated at a considerable distance from the anterior 
extremity of the body, is surrounded by a circular sucker that is 
applied to the living sur face from which the animal draws its nutri- 
ment ; and the buccal cavity {h) opens into a short oesophagus (c) 
which leads at once to the cavity of the stomach. This cavity does 
not give origin to any intestinal tube, nor is it provided with any 
second orifice ; but a large number of ramifying canals are pr olonged 
from it, which carry its contents into every part of the body. This 
seems to render unnecessary any system of vessels for the circulation 
of nutritive fluid ; and the two principal trunks, with connecting 
and ramifying branches, which may be observed in them may be 


1 On the development and life-history of the ‘ Liver-fluke ’ see Professor A. P. 
Thomas, Quart. Journ. Microsc. Sci. xxiii. p. 1 ; and B. Leuckart, Archiv fiir Natur-- 
geach. xlviii. p. 80. On its anatomy, see Dr. F. Sommer, Zeitachr. fur wiss. ZGoL 
xxxiv« 
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regarded in the light of a gastro-vascidar system, the function of 
which is not only digestive, but also circulatory. Both sets of sexual 
organs are combined in the same individuals, though the congress 
of two, each impregnating the ova of the othei*, seems to be gene- 


rally necessary. The ovaria, as 
in the Entozoa, extend through 
a large pai*t of the body, their 
ramifications proceeding from 
the two oviducts (A;, k)j which 
have a dilatation (1) at their 
point of junction. The Pla- 
narioi ^ do not multiply by eggs 
alone ; for they occasionally un- 
dergo spontaneous fission in a 
transverse direction, each seg- 
ment becoming a perfect animal ; 
and an artificial division into 
two or even moi*e parts may be 
practised with a like result. In 
fact, the power of the Planar ue 
to reproduce poi*tions which 
have jbeen removed seems but 
little inferior to that of the 
llijdra ; a circumstance which 
is peculiarly remai*kable wlien 
the much higher character of 
their oi’ganisation is borne in 
mind. They possess a distinct 
pair of nervous ganglia 
from which branches proceed to 
various pai’ts of the body ; and 



in the neighbourhood of these 
are usually to be observed a 
number (varying from two to 
forty) of ocelli or rudimentary 
eyes, each having its refracting 
body or crystalline lens, its pig- 
ment-layer, its nerve-bulb, and 
its cornea-like bulging of the 
skin. The integument of many 


Fi(i. 714. — Structure of PolyceliH Icvi- 
gatus (a Planarian worm) : a, mouth, 
surrounded by its circular sucker ; fe, 
buccal cavity ; c, oesophageal orifice ; 
<7, stomach ; e, ramifications of gastric 
canals; /, cephalic ganglia and their 
nervous filaments ; testes ; 

vesicula seminalis ; male genital 
canal; /t, /fc, oviducts; 7, dilatation at 
their point of junction; w, female 
genital orifice. 


of these animals is furnished 


with cells containing rods or spindles which are very possibly 
comparable to the ‘ thread-cells ^ of zoophytes.^ 

Annulata. — This class includes all the higher kinds of worm -like 
animals, the greater part of which are marine, though there is one 
well-marked group the members of which inhabit fresh water or live 


1 See Balfour’s Comparative Emhryologyy vol. i. pp. 159-162. 

2 For further information regarding the Turhellaria consult Dr. L. Graff's article 
on Planarians in the 9th edition of the Encyclopcedia Biitannica, and his magnifi- 
cent Monographie Her Turhellanden, Leipzig, 1882; A. Lang, Die Polycladen^ 
Leipzig, 1884 ; P. Hallez, Contributions d Vhistoire naturelle des Turhellariis^ 
Lille, 1879. On transverse fission, see Bell, Journ. Mog. Microac. Soc. (2),vi. p. 1107. 
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on land. The body in this class is usually elongated and nearly 
always presents a well-marked segmental division, the segments 
being for the most part similar and equal to each othei-, except at 
the two exti’emities : though in some, as the leech and its allies. 



Fig. 715. — Circulating apparatus of 
Terehella concliilega : a, labial ring ; 
&, b, tentacles; c, first segment of 
the trunk ; d, skin of the back ; p, 
pharynx ; /, intestine ; g, longitudinal 
muscles of the inferior surface of the 
body; glandular organ; organs 
of generation ; j, feet ; k, k, branchiae ; 
Z, dorsal vessel acting as a resjnratory 
heart; rn, dorso- intestinal vessel; 
w, venous sinus surrounding oesopha- 
gus ; n', inferior intestinal vessel ; 
o, 0, ventral trunk ; p, lateral vascular 
branches. 


the segmental division is very in- 
distinctly seen, on account of the 
general softness of the integument. 
A laige portion of the marine An- 
nelids have special respiratory ap- 
pendages, into which the fluids of 
the body ai*e sent for aeration, and 
these are situated upon the head 
(fig. 715) in those species which 
(like the Seiyula, Terehella^ Sahel- 
laria^ etc.) have their bodies inclosed 
by tubes, either foiined of a shelly 
substance pi*oduced from their own 
surface, or built iq) by the agglutina- 
tion of grains of sand, fragments of 
shell, etc. ; ^ whilst they are distri- 
buted along the two sides of the body 
in such as swim fi*eely through the 
water, oi* ci'awl ovei* the surfaces of 
rocks, as is the case with the Nereida^ 
or simply bury themselves in the 
sand, as the Arenicola or ‘ lob-worm.’ 
In these respiratory appendages the 
circulation of the fluids may be dis- 
tinctly seen by microscopic exami- 
nation ; and these fluids are of two 
kinds : first, a colourless fluid, con- 
taining numerous cell-like cor- 
puscles, which can be seen in the 
smaller and more transparent 
species to occupy the space that 
intervenes between the outer sur- 
face of the alimentary canal and 
the iiinei* wall of the body, and to 
pass from this into canals which 
often ramify extensively in the 
respiratory organs, but are never 
furnished with a returning series 
of passages ; and second, a fluid 
which is usually red, contains few 
floating particles, and is inclosed in 


a system of proper vessels that communicates with a central pro- 
pelling organ, and not only carries the fluid away from this, but also 
brings it back again. In Terehella we find a distinct provision for the 


1 For an interesting account of the formation of these tubes see Mr. A. T. Watson’s 
paper in Joum. Moy, Micr. Soc. 1890, p. 685. 
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aeration of both fluids ; for the first is transmitted to the tendril- 
like tentacles which surround the mouth (fig. 715, 6, b), whilst the 
second circulates through the beautiful arborescent gill-tufts (^, k) 
situated just behind the head. The former are covered with cilia, the 
action of which continually renews the stratum of water in contact 
with them, whilst the latter are destitute of these organs ; and this 
seems to be the general fact as to the several appendages to which 
these two fluids are respectively sent for aeration, the nature of their 
distribution varying greatly in the difiei*ent members of the class. In 
the observation of the beautiful spectacle presented by the respiratory 
circulation of the various kinds of Annulates which swarm on most 
of our shores, and in the examination of what is going on in the 
interior of their bodies (where this is rendered possible by their 
transparence), the microscopist will find a most fertile source of 
interesting occupation ; and he may easily, with care and patience, 
make many valuable additions to our present stock of knowledge on 
these jjoints. There are many of these marine worms in which 
the appendages of various kinds put forth from the sides of their 
bodies furnish very beautiful microscopic objects ; as do also the 
different forms of teeth, jaws, (fee. with which the mouth is com- 
monly armed in the free or non-tubicolar species, which are 
eminently carnivorous. 

The early history of their development is extremely curious; 
for many come forth from the egg in a condition very little 
more advanced than the ciliated gernmules of polypes, consist- 
ing of a globulai* mass of untransfbrmed cells, certain parts of 
whose surface are covered with cilia, which ordinarily become 
arranged in one or more definite rings; in a few hours, however, 
this embryonic mass elongates, and the indications of a segmental 
division become apparent, the head being (as it were) marked oft 
in front, whilst behind this is a large segment thickly covered with 
cilia, then a naii’owei* and non-ciliated segment, and lastly the 
caudal or tail segment, which is furnished with cilia. A little 
later a new segment is seen to be interposed in front of the 
caudal, and the dai*k internal granular mass shapes itself into the 
outline of an alimentary canal. ^ The number of segments pro 
gressively increases by the interposition of new ones between the 
caudal and its preceding segments; the various internal organs 
become more and more (listinct, eye-spots make their appearance, 
little bristly appendages are put forth from the segments, and 
the animal gradually assumes the likeness of its parent ; a few 
days being passed by the tubicolar kinds, however, in the actively 

^ A most curious transformation once occurred within the Author’s experience 
in the larva of an Annelid, which was furnished with a broad collar or disc fringed 
with very long cilia, and showed merely an appearance of segmentation in its hinder 
part ; for in the course of a few minutes, during which it was not under observation, 
this larva assumed the ordinary form of a marine worm three or four times its pre- 
vious length, and the ciliated disc entirely disappeared. An accident unfortunately 
prevented the more minute examination of this worm, which the Author would have 
otherwise made ; but he may state that he is certain that there was no fallacy as to 
the fact above stated, this larva having been placed by itself in a cell, on purj^se 
that it might be carefully studied, and having been only laid aside for a short time 
whilst other selections were being made from the same gathering of the tow-net. 
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moving condition, before they settle down to the formation of a 
tube.^ 

To carry out any systematic observations on the embryonic 
development of Annulata the eggs should be searched for in the 
situations which these animals haunt ; but in places where Annu- 
lata abound free-swimming larvae are often to be obtained at the 
same time and in the same manner as small Medusa? ; and there is 
probably no part of our coasts off which some very curious forms 
may not be met with. The following may be specially mentioned 
as departing widely from the ordinary type, and as in themselves 
extremely beautiful objects : The Actinotrocha^ which is now known 

to be the young stage of the Gephyrean 
worm Phoronis (fig. 716), bears a 
strong resemblance in many particulars 
to the ‘ bipinnarian ’ larva of a star- 
fish, having an elongated body, with 
a series of ciliated tentacles (d) sym- 
metrically arranged ; these tentacles, 
however, proceed fimn a sort of disc 
which somewhat resembles the ‘ lopho- 
phore ’ of certain Polyzoa. The mouth 
{e) is concealed by a, broad but pointed 
hood or ‘ epistome ’ {a), which some- 
times closes down upon the tentacular 
disc, but is sometimes raised and ex- 
tended forwards. Tlie nearly cylin- 
drical body terminates abrujitly at the 
other extremity, where the anal orifice 
of the intestine (^) is surrounded by a 
circlet of veiy lai*ge cilia. This animal 
swims with great activity, sometimes 
by the tentacular cilia, sometimes by 
the anal circlet, sometimes by both 
combined ; and besides its movement 
of progression it frequently doubles 

Fig ne.-Actmotrocha branchi- itself together, so as to bring the anal 
ata: a. epistome or hood; b. , .y ^ , • j 

anus ; c, stomach ; dj ciliated extremity and tlie epistome almost into 
tentacles ; e, mouth. contact. It is SO transparent that the 

whole of its alimentary canal may be 
as distinctly seen as that of Laguncula; and, as in that polyzoon, 
the alimentary masses often to be seen within the stomach (c) are 
kept in a continual whirling movement by the agency of cilia, with 
which its walls are clothed.^ An even more extraordinary departure 
from the ordinary type is pi*esented by the larva which has received 
the name Pilidium (fig. 717), its shape being that of a helmet, the 

1 For further information on this subject see Balfour’s Comparative Embryology, 
vol. i. chap. xii. and the memoirs there cited. 

2 ‘ Ueber Filidiuni und Actinotrocha ’ in Muller’s Archiv, 1868, p. 293. For 
more recent observations upon the latter creature, see Balfour’s Comparative 
Embryology, vol. i. pp. 299-802 ; and a paper on ‘ The Origin and Significance of the 
Metamorphosis of Actinotrocha,^ by Mr. E. B. Wilson (of Baltimore), in Quart. 
Joum. Microac. Sci. April 1881. 
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plume of which is replaced by a single long bristle-like appendage 
that is in continual motion, its point moving round and round in a 
circle. Tliis curious organism, first noticed by Johannes Muller, has 
been since ascertained to be the larva of some species of the Nemer- 
tine worms, which belong to the division Anoiyla^ a group in which 
there are no stylets to the proboscis.^ 

Among the animals captured by the tow-net the marine 
zoologist will not be unlikely to meet with a worm which. 




Fiu. Ill .—Pilidium gyrans . A, young, showing at a the alimentary 
canal, and at h the rudiment of the Nemertid ; B, more advanced 
stage of the same ; C, newly freed Nemertid. 

although by no means microscopic in its dimensions, is an admirable 
subject for microscopic observation, owing to the extreme trans- 
parence of its entire body, which is such as to render it difficult to 
be distinguished when swimming in a glass jar except by a very 
favourable light. This is the Tomopteris^ so named from the 
division of the lateral portions of its body into a succession of wing- 
like segments (fig. 718, B), each of them carrying at its extremity a 
pair of pinnules, by the movements of which it is rapidly propelled 
through the water. The full-grown animal, which measures nearly 

' See especially Leuckart and Pagenstecher’s ‘ Untersuchungen iiber niedere 
Seethiere ’ in MiilleFs Archiv^ 1858, p. 569 ; and Balfour, op. cit. p. 165. The Author 
has frequently met with Pilidium in Lamlash Bay. 
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an inch in length, has first a curious pair of ‘ frontal horns ’ pro 
jecting laterally from the head, so as to give the animal the appear 



Fig. 718. —Structure and development of Tomopteris onisciformis : A, portion 
of caudal prolongations, containing the spermatic sacs, a a ; B, adult male 
specimen ; C, hinder part of adult female specimen, more enlarged, showing 
ova, lying freely in the perivisceral cavity and its caudal prolongation ; D, 
ciliated canal, commencing externally in the larger and smaller rosette-like 
discs, a, 6 ; E, one of the pinnulated segments, showing the position of the 
ciliated canal, c, and its rosette-like discs, a, h ; showing also the incipient 
development of the ova, at the extremity of the segment ; F, cephalic gan- 
glion, with its pair of auditory (?) vesicles, a a, and its two ocelli, 6 & ; G, very 
young Tomopteris, showing sX a a the larval antennas ; h b, the incipient 
long antennae of the adult ; c, d, e, /, four pairs of succeeding pinnulated 
segments, followed by bifid tail. 
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ance of a ‘ hammer-headed ’ shark ; belli nd these theie is a pair of 
very long antennae, in each of which we distinguish a rigid bristle- 
like stem or seta^ inclosed in a soft sheath, and moved at its base 
by a set of muscles contained within the lateral protuberances at 
the head. Behind these are about sixteen pairs of the oi’dinary 
pinnulated segments, of which the hinder ones are much smaller 
than those in front, gi‘adually lessening in size until they become 
almost rudimentary ; and where these cease the body is continued 
onwards into a tail-like prolongation, the length of which varies 
greatly according as it is contracted oi* extended. This prolongation, 
however, bears ibui' or five paii’s of very minute appendages, an(i 
the intestine is continued to its very extremity, so that it is really 
to be regarded as a continuation of the body. Tn the head we find, 
between the origins of the anteniife, a ganglionic mass, the component 
cells of which may be clearly distinguished under a sufficient mag- 
nifying power, as shown at F ; seated upon this ai'e two pigment- 
spots {h, b), each bearing a double pellucid lens-like body, which are 
obviously laidimentary eyes ; whilst imbedded in its anterior por- 
tion are two peculiar nucleated vesicles, a, a, which are probably 
the rudiments of some other sensoiy organs. On the under side of 
the head is situated the mouth, which, like that of many other 
Annelids, is furnished with a sort of proboscis that can be either 
projected or di*awn in ; a short oesophagus leads to an elongated 
stomach, which, when distended with fluid, occupies the whole 
cavity of the central poi-tioii of the body, as shown in fig. B, but 
which is sometimes so empty find contracted as to be like a mere 
cord, as shown in fig. C. In the caudal appendage, however, it is 
always narrowed into fin intestinal camd ; this, when the appendage 
is in an extended st}\te, as fit 0, is nearly sti*aight ; but when the 
appendage is contracted, as seen at B, it is thrown into coni olutions. 
The perivisceial cavity is occujfied by fluid, in which some minute 
corpuscles may be distinguished ; and these are kept in motion by 
cilia which clothe some pai'ts of the outer surfiice of the alimentary 
canal and line some part of the wall of the body. No other more 
special apparatus, either for the circulation or for the aeration of 
the nutrient fluid, exists in this curious worm, unless we are to 
regard as subsei’vient to the I'espiratory function the ciliated canal 
which may be observed in each of the lateral appendages except 
the five anterior pairs. This canal commences by two orifices at 
the base of the segment, as shown at fig. E, b, and on a larger scale 
it fig. D ; each of these oiifices (D, a, b) is surrounded by a sort of 
rosette, and the rosette of the larger one (a) is furnished with 
radiating ciliated ridges. The two branches incline towards each 
Dther, and unite into a single canal that runs along for some dis- 
tance in the wall of the body, and then terminates in the perivisceral 
cavity, and the direction of the motion of the cilia which line it is 
from without inwards. 

The reproduction and developmental history of this Annelid 
present many points of great interest. The sexes appear to be 
iistinct, ova being found in some individuals and spermatozoa in 
others. The development of the ova commences in certain ‘ germ- 
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cells ’ situated within the extremities of the pinnulated segments, 
where they project inwards from the wall of the body ; these, when 
set free, float in the fluid of the perivisceral cavity and multiply 
themselves by self-division ; and it is only after their number has 
thus been considerably augmente<l that they begin to increase in 
size and to assume the characteristic appearance of ova. In this 
stage they usually fill the perivisceral cavity, not only of the body, 
but of its caudal extension, as shown at C ; and they escape from 
it through transverse fissures which form in the outer wall of the 
body at the third and fourth segments. The male reproductive 
organs, on the other hand, ai-e limited to the caudal prolongation, 
where the sperm-cells are developed within the pinnulated append- 
ages, as the germ-cells of the female are within the appendages of 
the body. Instead of being set free, however, into the perivisceral 
cavity, they are retained within a saccular envelope forming a testis 
(A, a, a) which fills up the whole cavity of each appendage ; and 
within this the spermatozoa may be observed, when mature, in 
active movement. They make their escape externally by a passage 
that seems to communicate with the smaller of the two just men- 
tioned rosettes ; but they also appear to escape into the perivisceral 
cavity by an aperture that forms itself when the spermatozoa are 
mature. Wliether the ova are fertilised while yet within the body 
of the female by the entrance of spermatozoa through the ciliated 
canals, or after they have made their escape from it, has not yet 
been ascertained. Of the earliest stages of embryonic development 
nothing whatever is yet known ; but it has Vjeen ascei’tained that 
the animal passes through a larval form, which difters from the 
adult not merely in the number of the segments of the body (which 
successively augment by additions at the posterior extremity), but 
also in that of the antenna?. At G is represented the earliest larva 
hitherto met with, enlarged as much as ten times in proportion to 
the adult at B ; and here we see that the head is destitute of the 
frontal horns, but carries a pair of setigerons antennae, a, behind 
which there are five pairs of bifid appendages, 6, c, d, e,/, in the 
first of which, 6, one of the pinnules is furnished with a seta. In 
more advanced larvae having eight or ten segments this is developed 
into a second pair of antennae resembling the first ; and the animal 
in this stage has been described as a distinct species, T. quadricoriiis. 
At a more advanced age, however, the second pair attains the 
enormous development shown at B, and the first or larval antennae 
disappear, the setigerous portions separating at a sort of joint (G, 
a), whilst the basal projections are absorbed into the general wall 
of the body. This beautiful creature has been met with on so many 
parts of our coast that it cannot be considered at all uncommon, 
and the microscopist can scarcely have a more pleasing object for 
study.' Its elegant form, its crystal clearness, and its sprightly, 
graceful movements render it attractive even to the unscientific 

1 See the memoirs of the Author and M. Claparfede in vol. xxii. of the Linnean 
Transactions and the authorities there referred to ; also a memoir by Dr. F. 
V^jdovsky in Zeitschrift f. Wiss. Ziiol. Bd. xxxi. 1878. 
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observer ; whilst it is of special interest to the morphologist as one 
of the simplest examples yet known, of the Annelid type. 

To one phenomenon of the greatest interest presented by various 
small marine Annelids the attention of the microscopist should be 
specially directed ; this is their luminosity^ which is not a steady 
glow like that of the glow-worm or fire-fly, but a series of vivid 
scintillations (strongly resembling those produced by an electric 
discharge through a tube spotted with tinfoil), that pass along a 
considerable number of segments, lasting for an instant only, but 
capable of being repeatedly excited by any irritation applied to the 
body of the animal. These scintillations may bo discerned under 
the microscope, even in separate segments, when they are subjected 
to the irritation of a needle-point or a gentle pressure ; and it has been 
ascertained by the careful observations of M. de Quatrefages that 
they are given out by the muscular fibres in the act of contraction.' 

Among the fresh- water Annelids those most interesting to the 
microscopist are the worms of the Nais tribe, which are common in 
our rivers and ponds, living chiefly amidst the mud at the bottom, 
and especially among the roots of aquatic plants. Being blood-red 
in colour, they give to the surface of the mud, when they protrude 
themselves from it in large numbers and keep the protruded portion 
of their bodies in constant undulation, a very peculiar appearance ; 
but if disturbed they withdraw themselves suddenly and completely. 
These worms, from the extreme transparency of their bodies, present 
peculiar fiicilities for microscopic examination, and especially for the 
study of the internal circulation of the red liquid commonly con- 
sidei'ed as blood. There are here no external respiratory organs, and 
the thinness of the general integument appears to supply all needful 
facility foi* the aeration of the fluids. One large vascular trunk (dorsal) 
may bo seen lying above the intestinal canal, and another (ventral) be- 
neath it, and each of these enters a contractile dilatation, or heart- 
like organ, situated just behind the head. The fluid moves forwards 
in the dorsal trunk as far as the heart, which it enters and dilates ; 
and when this contracts it propels the fluid pai-tly to the head and 
partly to the ventral heart, which is distended by it. The ventral 
heart, contracting in its turn, sends the blood backwai'ds along the 
ventral trunk to the tail, wdience it passes towards the head as 
before. In this circulation the stream branches ofi' from each of 
the principal trunks into numerous vessels proceeding to difierent 
parts of the body, which then return into the other trunk ; and 
there is a peculiar set of vascular coils, hanging down in the peri- 
visceral cavity that conbxins the corpusculated liquid representing 
the true blood, which seem specially destined to convey to it the 
aerating influence received by the red fluid in its circuit, thus 
acting (so to speak) like internal gills. The Naiad worms have 
been observed to undergo spontaneous division during the summer 
months, a new head and its organs being formed for the posterior 
segment behind the line of constriction before its separation from 

1 See his memoirs on the Annelida of La Manche in Ann. des Sci. Nat. ser. ii. 
Zool. tom. xix. and ser. iii. Zool. tom. xiv. ; and Professor McIntosh in Nature^ 
xxxii. p. 478. 
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the anterior.^ In the Leech tribe the dental apparatus with which 
the mouth is furnished is one of the most curious among their 
points of minute structure, and the common ‘ medicinal ^ leech 
affords one of the most intei-esting examples of it. What is 
commonly termed the ‘ bite ^ of the leech is ideally a saw-cut, or 
rather a combination of three saw-cuts, radiating from a common 
centre. If the mouth of the leech be examined with a liand- 
magnifiei*, or even with the naked eye, it will be seen to be a 
triangular aperture in the midst of a sucking disc, and on turning 
back the lips of that apei ture three little white ridges are brought 
into view. Each of these is the convex edge of a horny semicircle, 
sti*engthened by a deposit of carbonate of lime which is bordered by 
a row of eighty or ninety minute hard and sharp teeth ; whilst 
the straight border of the semicircle is imbedded in the muscular 
substance of the disc, by the action of which it is made to move 
backwards and forwards in a saw-like niannei-, so that the teeth are 
enabled to cut into the skin to which the suctorial disc has affixed 
itself. 2 

1 See Professor A. G. Bourne, ‘On Budding in the Oligoclieeta,’ Iteport BHt, 
Assoc. 1885, p. 1096. 

2 Among the various sources of information as to the anatomy and physiology of 
the Annelids the following may be specially mentioned : the ‘ Histoire Naturelle des 
AnneMs Marins et d’Eau douce ’ of M. de Quatrefages, forming part of the Suites d 
Buffon ; the successive admirable monographs of the late Professor Ed. Claparfede, 
Recherches Anatotniques siir les AmielideSy Turhellari^s, Ojjahnes et GregarineSf 
ohservis dans les H^brides^ Geneva, 1861 ; Recherches Anatomiqaes sur les Oligo- 
chetesy Geneva, 1862; Beohachtungeniiher Anatomic und Entwickelungsgeschichte 
wirhelloser Thieve an der Kiiste von NormandiCy Leipzig, 1868; and Les AnnUides 
ChUopodes du Golfe de NapleSy Geneva, 1868-70 ; the monograph of Dr.EhlerSjDie 
Borstenwurmer {Annelida Chcetopoda)y 1864-68. With the exception of Professor 
McIntosh’s article in the Encyclopcedia Britannicay and the various articles on 
‘ Worms ’ in the Cambridge Natural History, which can be warmly commended to 
the student, most of the recent papers on Annelids have dealt with small groups only, 
but of these a very large number has appeared. For the descriptions of new forms 
the memoirs of Grube, McIntosh, and St. Josejih are especially to be consulted ; 
Hatschek, Kleinenberg, and Salensky have written the most important contributions 
to our knowledge of develoiDment ; Benham, Bergh, Bourne, Eisig, Meyer, Perrier, 
and Whitman have, among others, added to our knowledge of their anatomy and 
morphology. 



957 


CHAPTER XX 

CRUSTACEA 

Passing to the division of Arthropods, in which the body is 
furnished with distinctly articulated or jointed limbs, some of which 
ai*e always modified to seiwe as mouth-organs, we come first to the 
class of Crustacea^ which ordinarily includes (when used in its 
most comprehensive sense) all those animals belonging to this group 
which are fitted for aquatic respiration, though the king-ciab 
{Limulus) seems to have closer relations to the scorpions, and the 
Pycnogonids to the spiders. It thus compiehends a very extensive 
range of forms ; for although we are accustomed to think of the crab, 
lobster, cray-fish, and other well-known species of the order Deca2)oda 
(ten-footed) as its typical examples, yet all these beloug to the highest 
of its many ordei’s ; and among the lower are many of a far simpler 
structui*e, not a few whicdi would not be recognised as belonging to 
the class at all were it not for the information given by the 
study of their development as to their real nature, w^hich is far more 
apparent in their early than it is in their adult condition. Many 
of the inferior kinds of Crustacea are so minute and transparent 
that their whole structui*e may be made out by the aid of the 
microscope without any preparation ; this is the case, indeed, with 
nearly the whole group of Entomostraca, and with the larval forms 
even of the and its allies ; and we shall give our first atten- 
tion to these, aftei'wai-ds noticing such points in the structure of the 
lai-ger kinds as ai’e likely to be of general interest. 

A curious example of the reduction of an elevated type to a 
very simple form is presented by the group of Pycnogoiiida, or no- 
body crabs, some of the members of which may be found by atten- 
tive search in almost eveiy locality where seaweeds abound, it 
being their habit to crawl (or rather to sprawl) over the surfaces of 
these, and probably to imbibe as food the gelatinous substance with 
which they are invested.^ The general form of their bodies (fig. 
719) usually reminds us of that of some of the long-legged crabs, 
the abdomen being almost or altogether deficient, whilst the head is 
very small, and fused (as it were) into the thoiax ; so that the last- 
named region, with the members attached to it, constitutes nearly 
the whole bulk of the animal. The head is extended in front into 

' It ia remarkable that very large forms of this group, sometimes extending to 
more than twelve inches across, have been brought up from great depths of the sea. 
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a proboscis -like projection, at the extremity of which is the narrow 
orifice of the mouth, which draws in the semi-fluid aliment. Instead 
of being furnished (as in the higher crustaceans) with two pairs of 
antennpe and numerous pairs of ‘ foot-jaws,’ it has but a single pair 
of either ; it also bears four minute ocelli^ or rudimentary eyes, set 
at a little distance from each other on a sort of tubercle. From 
the thorax proceed four pairs of legs, each composed of several joints, 
and terminated by a hooked claw ; and by these members the 
animal drags itself slowly along, instead of walking actively upon 
them like a crab. The mouth leads to a very narrow oesophagus 
(a), which passes back to the central stomach (6) situated in the 



Fig. 719. — Aminotliea pycnogonoules : a, narrow oesophagus ; 
h, stomach ; c, intestine ; d, digestive ca3ca of the foot-jaws ; 
e, e, digestive c?nca of the legs. 


midst of the thorax, fi om the hinder end of which a narrow intes- 
tine (c) passes off, to terminate at the posterior extremity of the 
body. From the central stomach five pairs of cjecal prolongations 
radiate, one pair (cl) entering the foot-jaws, the other four (e, e) 
penetrating the legs, and passing along them as far as the last joint 
but one ; and those extensions are covered with a layer of brownish - 
yellow granules, which are probably to be regarded as a digestive 
gland. The stomach and its caecal prolongations are continually 
executing peristaltic movements of a very curious kind ; for they 
contract and dilate with an irregular alternation, so that a flux and 
reflux of their contents is constantly taking place between the 
central portion and its radiating extensions. The perivisceral space 
between the widely extended stomach and the walls of the body and 
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limbs is occupied by a transparent liquid, in which are seen floating 
a number of minute ti*ansparent corpuscles of irregular size ; and 
this fluid, which represents the blood, is kept in continual motion, 
not only by the general movements of the animal, but also by the 
actions of the digestive apparatus ; since, whenever the caecum of 
any one of the legs undergoes dilatation, a part of the circum- 
ambient liquid will be pressed out from the cavity of that limb, 
either into the thorax or into some other limb whose stomach is 
contracting. The fluid must obhiin its aeration through the general 
surface of the body, as there are no special organs of i-espiration. 
The nervous system consists of a single ganglion in the head (formed 
by the coalescence of a pair), and of another in the thorax (formed 
by the coalescence of foui* pairs), with which the cephalic ganglion 
is connected in the usual mode, namely, by two nervous cords which 
diverge from each other to embrace the oesophagus. In the study 
of the very curious phenomena exhibited by the digestive apparatus, 
as well as of the various points of internal conformation which have 
been described, the achromatic condenser will be found useful, even 
with the 1-inch, ^-inch, or ^-inch objectives ; for the imperfect 
transparence of the bodies of these animals I'endei's it of importance 
to drive a large quantity of light through them, and to give to this 
light such a quantity as shall sharply define the intei*nal oi*gans.^ 
Entomostraca. — This group of crusUiceans, many of the existing 
members of which are of such minute size as to be only just visible to 
the naked eye, is distinguished by the fact that they nevei* have more 
than three pairs of their appendages converted into mouth-organs, 
nor possess any appendage on such segments as may lie behind the 
generative orifices. The segments into which the body is divided 
are frequently very numerous, and are for the most j)art similar to 
each other ; but there is a marked difiei*ence in regard to the 
appendages which they bear, and to the mode in which these 
minister to the locomotion of the animals. For in what have been 
called the Lophyropoda, or ‘bristly-footed’ tribe, a small number of 
legs not exceeding five pairs have their function limited to locomotion, 
the respiratory organs being attached to the parts in the neighbour- 
hood of the mouth ; whilst in the Branchiopoda^ or ‘gill-footed’ tribe, 
the members (known as ‘fin-feet’) serve both for locomotion and for 
respiration, and the number of these is commonly large, being in Apus 
as many as sixty pairs. The chamcter of their movements difers 
accordingly ; for whilst all the members of the first-named tribe dart 
through the water in a succession of jerks, so tis to have acquired the com- 
mon name of ‘water-fleas,’ those among the lattei* which possess a great 


1 Certain points of resemblance borne by 'Pycnogonida to spiders make the 
careful study of their development a matter of special interest and importance, as 
there is some reason to regard them rather as Arachnida adapted to a marine 
habitat than as Crustacea. See Balfour’s Comparative Embryology, pp. 448, 449, 
and the authorities there referred to. The most recent additions to the literature 
of the Pycnogonids are Dr. A. Dohrn’s Die Fantopoden des Golfes von Neapel 
&c., Leipzig, 1881 ; Dr. P. P. C. Hoek’s ‘ Report on the Pycnogonida of the Challenger,^ 
1881, and his ‘ Nouvelle Etude sur les Pycnogonides,’ in Archives de Zool. ExpSr. ix. 
p. 446 ; and Professor G. 0. Sars’s report in the Ziiology of the Norwegian North Sea 
Expedition. 
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number of ‘ fin-feet ^ swim with an easy gliding movement, sometimes 
on their back alone (jis is the case with Braiichipus) and sometimes 
with equal facility on the back, belly, or sides (as is done by A rtemia 
salina^ the ‘ brine-shrimp ’). Some of the most common forms of 
both tribes will now be briefly noticed. 

The first group contains two orders, of which the first, Oatracoda^ 
is distinguished by the complete inclosure of the body in a bivalve 
shell, by the small number of legs, and by the absence of an external 
egg-sac. One of the best known examples is the little Cypris, which 
is a common inhabitant of pools and sti*eams ; this may be r ecognised 
by its possession of two pairs of antenna?, the first having numerous 
joints with a pencil-like tuft of filaments, and projecting forwards 
from the front of the head, whilst the second has more the shape of 
legs, and is directed downwards, and by the limitation of its legs to 
two pairs, of which the pcrsterioi* does not make its appearance outside 
the shell, being bent upwards to give supj)oi‘t to the ovaries. The 
valves are generally opened widely enough to allow the greater part 
of both pairs of antennne and of the front pair of legs to pass out 
between them ; but when the animals are alarmed, they draw these 
members within the shell, and close the valves firmly. They are 
very lively creatui*es, being almost constantly seen in motion, eithei* 
swimming by the united action of their foot-like antennae and legs, 
or walking upon plants and other solid bodies floating in the water. 
Nearly allied to the preceding is Cyihere^ whose body is furnished 
with three pairs of legs, all projecting out of the shell, and whose 
superior antenn{e are destitute of the filamentous brush ; this genus 
is almost entirely marine, and some species of it may almost in- 
variably be met with in little pools among the I’ocks between the 
tide-marks, creeping about (but not swimming) amongst Conferva' 
and Corallines. There is abundant evidence of the former existence 
of Crustacea of larger size than any now existing, for in cei’tain 
fi*esh-water strata, both of the Secondary and Tertiary series, we find 
layers, sometimes of great extent and thickness, which are almost 
entirely composed of the fossili.sed shells of Cyprides ; whilst iii 
cei-tain parts of the chalk, which was a marine deposit, the remains 
of bivalve shells resembling those of Cythere present themselves 
in such abundance as to form a considerable part of its substance.* 

In the order Coj)epoda ther e is a jointed shell forming a kind 
of buckler* or ciirapace that almost entirely in(;loses the head arrd 
thorax, an opening being left beneath, through which the appendages 
project ; and there are five pairs of legs, mostly adapted for swim- 
ming, the fifth pair, however, beiirg rudimentary in the genus Cyclops^ 
the commonest example of the group. This genus receives its rrame 
from possessing only a single eye, or rather a single cluster of ocelli ; 
which character, however, it has in common with the two genera 
already named, as well as with Daphnia, and with many other 
Entomostraca. It contains numerous species, some of which belong 

1 On the recent British Ostracoda see the monograph by G. S. Brady in vol. xxvi. 
of the Transactions of the Linnean Society of London; compare also Zenker, 

* Monographic der Ostracoden,’ Archiv fur Natury. xx. 1864. Claus has an essay on 
the development of Cypris, Marburg, 1868 ; see also Dr. Brady’s ‘ Ghallenyer Report.’ 
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to the fresh water*, wliilst others are marine. The fresh-water 
species often abound in the muddiest and most stagnant pools, 
as well as in the clearest springs. Of the marine species some 
are to be found in the localities in which the Cythere is most 
abundant, whilst others inhabit the open ocean, and must be col- 
lected by the tow- net. The body of the Cyclojys is soft and gela- 
tinous, and it is composed of two distinct parts, a thoi^ax (fig. 720, a) 
and an abdomen (^), of which the latter, being conuraratively slender, 
is commonly considei*ed as a tail, though traversed by tlie intestine, 
which terminates neai* its 
extremity. The head, which 
coalesces with the thorax, 
bears one very lai*ge pair 
of antennje (c), possessing 
numerous articulations and 
furnished with bristly ap- 
pendages, and another small 
pair (d) ; it is also furnished 
with a pair of mandibles or 
true jaws and with two 
pairs of ‘ maxilhe,’ of which 
the hinder pair is the longer 
and more abimdantl}" sup- 
plied with bristles. The 
legs (e) are all beset with 
plumose tufts, as is also the 
tail (/',/) which is borne at 
the extremity of the ab- 
domen. On either side of 
the abdomen of the female, 
there is often to be seen an 
egg - capsule (B) ; within 
which the ova, after be- 
ing fertilised, undei*go the 
earlier stages of their de- 
velopment. The Cyclops is 
a very active creature, and 
strikes the watei* in swimming, not merely with its legs and tail 
but also with its antennfe. The rapidly repeated movements of its 
feet-jaws serve to create a whirlpool in the surrounding water, by 
which minute animals of various kinds, and even its own young, are 
brought to its mouth to be devoured.* 

The tribe of Branchiopoda is divided also into two groups, of 
which the Cladocera present the nearest approach to the preceding, 
having a bivalve carapace, no more than from foui* to six pairs of 
legs, two pairs of anteniife, of which one is large and branched and 
adapted for swimming, and a single eye. The commonest form of 

1 See for British forms Professor G. S. Brady’s Monograph of the free and 
aemi-parasitic Gopepoda of the British Islands, published hy the Ray Society, 
1878-80, and Mr. I. 0. Thompson’s accounts of those collected near the Isle of Man, 
published by the Liverpool Biological Society. 

3 Q 



Fig. 720. — A, female of Cyclops quadricomis : 
a, body ; tail; c, antenna; antennule ; e, 
feet ; /, plumose setee of tail. B, tail, with 
external egg-sacs. C, D, E, F, G, successive 
stages of development of young. 
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this is the Daphnia pulex^ which is sometimes called the ‘ arborescent 
water-flea,’ from the branching form of its antennae. It is very 
abundant in many ponds and ditches, coming to the surface in the 
mornings and evenings and in cloudy weather, but seeking the 
depths of the water during the heat of the day. It swims by 
taking short springs ; and feeds on minute particles of vegetable sub- 
stances, but does not, however, reject animal matter when offered. 
Some of the peculiai* phenomena of its reproduction will be presently 
described. 

The other group, Phyllopoda^ includes those Bi*anchiopoda whose 
body is divided into a great number of segments, nearly all of which 
are furnished wdth leaflike appendages, or ‘ fin- feet.’ The two 
families which this group includes, however, differ considerably in 
theii* conformation ; for in that of which the genei‘a Apits and Nehalia ^ 
are representatives, the body is inclosed in a shell, either shield-like 
or bivalve, and the feet are generally very numerous ; whilst in that 
which contains Branchipits and Artemia^ the body is entirely unpi-o- 
tected, and the number of pairs of feet does not exceed eleven. The 
Apus caiuyt'ifoQ'mis^ which is an animal of comparatively large size, its 
entire length being about 2^ inches, is an inhabitant of stagnant 
waters ; but although occasionally very abundant in particular pools, 
or ditches, it is not to be met with nearly so commonly as the Ento- 
mostraca already noticed ; in this country, indeed, it is exceedingly 
rare. It is recognised by its large oval carapace, which covers the 
head and body like a shield ; by the nearly cylindidcal foi*m of its 
body, which is composed of thirty articulations, and by the large 
number of its appendages, which amount to about sixty pairs. The 
number of joints in these is so great that in a single individual they 
may be safely estimated at not less than two millions. These organs, 
however, are for the most pai*t small ; and the instruments chiefly 
used by the animal for locomotion are the first pair of feet, which are 
very much elongated (beaiing such a resemblance to the principal 
antenna; of other Entomostraca as to be commonly I'jinked in the 
same light), and are distinguished as ra7m or oars. With these they 
can swim freely in any position ; but when the rami are at rest, and 
the animal floats idly on the water, its fin-feet may be seen in in- 
cessant motion, causing a sort of whirlpool in the watei*, and bringing 
to the mouth the minute animals (chiefly the smaller Entomostraca 
inhabiting the same localities) that serve for its food. The Branchipus 
stagnalis has a slender, cylindriform, and very transpaient body, of 
nearly an inch in length, furnished with eleven pairs of fin-feet, but 
is destitute of any protecting envelope ; its head is fui nished with a 
pair of very curious prehensile organs, which are really modified 
antennae, whence it has received the name of Cheirocephalus \ but 

Professor Claus has pointed out the relations of Nehalia to the Malacostraca, or 
higher division of the Crustacea, and has suggested for the group which they re- 
present the name of Leptostraca. See the Zeitschr. fiir wiss. ZOol. 1872, p. 823 ; 
Claus, XJnteraxichungen zur Erforschung der genealogischen Grundlage des 
Cmstaceen-Systemsy Wien, 1876, as well as ‘ Ueber den Organismus der Nebaliiden 
und die systematische Stellung der Leptostraken,’ in Arh. Zool. hist. Wien. viii. 
(1889), pp. 1-148, 15 pis. ; but a different view is taken by Professor G. O. Sars in his 
Report on the Challenger Phyllocarida. 
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these are not used by it for the seizure of prey, as the food of this 
animal is vegetable, but to clasp the female in the act of copulation. 
The Braiwhipus or Gheirocephalus is cei-tainly the most beautiful and 
elegant of all the Entomostraca, being rendered extremely attractive 
to the view by ‘ the uninterrupted undulatory wavy motion of its 
graceful branchial feet, slightly tinged as they are with a light red- 
dish hue, the brilliant mixture of transparent bluish-green and bright 
red of its prehensile antennae, and its bright red tail with the beauti- 
ful plumose setai springing from it.’ Unfortunately, however, it is 
a very rare animal in this country. The Artemia salina, or ‘ brine- 
shrimp,’ is an animal of very similar organisation, and almost 
equally beautiful in its appearance and movements, but of smaller 
size, its body being about half an inch in length. Its ‘ habitat ’ is 
very peculiar, for it is only found in the salt-pans or brine-pits in 
which sea- water is undergoing concenti-ation (as at Lymington) ; and 
in these situations it is sometimes so abundant tis to communicate a 
red tinge to the liquid. 

Some of the most interesting points in the history of the Ento- 
mostraca lie in the peculiar mode in which tlieir genei-ative function 
is performed, and in their tenacity of life when desiccated, in which 
Last resj')ect they correspond with many Rotifei's. By this pro- 
vision they escape being completely exterminated, as they might 
othei'wise soon be, by the drying up of the pools, ditclies, and other 
small collections of water which constitute tlieir usual habitats. 
We do not, of course, imply that the adult animals can bear a com- 
plete desiccation, although they will preserve theii* vitality in mud 
that holds the smallest quantity of moisture ; but tlieir eggs are 
more tenacious of life, and there is ample e\ idence that these will 
become fertile on being moistened, after having remained for a long 
time in the condition of line dust. Most Entomostraca, too, are 
killed by sevei’e cold, and thus the whole race of adults perishes 
every winter ; but their eggs seem unaffected by the lowest tempera- 
ture, and thus continue the species, which would be otherwise ex- 
terminated. Again, we frequently meet in this group with that 
agamic reproduction which we have seen to prevail so extensively 
among the lower foi-ms. In many species there is a double 
mode of multiplication, the sexual and the non-sexual. The 
former takes place at certain seasons only, the males (which are 
often so different in conhu mation from the females that they would 
not be supposed to belong to the sfime species if they were not seen 
ill actual congress) disappearing entirely at othei* times. The latter, 
on the other hand, continues at all periods of the year, so long as 
warmth and food ai e sup})lied, and is repeated many times so as to 
give origin to as many successive ‘ broods.’ Further, a single act of 
impregnation may serve to fertilise, not merely the ova which are 
then mature or nearly so, but all those subsequently produced by 
the same female, which are deposited at consideiable intervals. In 
these two modes the multiplication of these little creatures is carried 
on with groat rapidity, the young animal speedily coming to maturity 
and beginning to propagate, so that, according to the computation 
of Jurine. founded upon data ascertained by actual observation, a 

3 Q 2 
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single fertilised female of the common Cyclops quadricornis may be 
the progenitor in one year of 4,442,189,120 young. ^ 

The eggs of some Entomostraca are deposited freely in the water, 
or are carefully attached in clusters to aquatic plants ; but they are 
more frequently carried for some time by the parent in special 
receptacles developed fiom the posterior pai t of the body ; and in 
many cases they are retained there until the young are ready to 
come forth, so that these animals may be said to be ovo-viviparous. 
In Daphnia the eggs are received into a largo cavity between the 
back of the animal and its shell, and thei e the young undergo almost 
their whole development, so as to come forth in a foiaii nearly 
resembling that of their parent. Soon after theii* birth a moult or 
exuviation of the shell takes place, and the egg-coverings are cast 
olf with it. In a veiy short time afterwai-ds another brood of eggs 
is seen in the cavity and the same process is repeated, the shell 
being again exuviated after the young have been brought to maturity. 
At certain times, however, the Daphnia may be seen with a dark 
opaque substance within the back of the shell, which has been called 
the ephippium^ from its I'esemblance to a saddle. This, when care- 
fully examined, is found to be of dense texture, and to be composed 
of a mass of hexagonal cells ; and it contains two oval bodies, each 
consisting of an ovum covered Avith a homy casing, enveloped in a 
capsule which opens like a bivalve shell. From the obsei’vations of 
Sir J, Lubbock,^ it appears that the ephippium is really only an 
altered portion of the carapace, its outer vah o being a part of the 
outer layer of the epidermis, and its inner valve the coiresponding 
part of the inner layer. The development of the ephippial eggs takes 
place at the posterior {)art of the ovaries, and is accompanied by the 
formation of a greenish-brown mass of granules ; and from this 
situation the eggs pass into the receptacle fomied by the new cara- 
pace, where they become included between the two layers of the 
ephippium. This is cast off, in process of time, with the rest of the 
skin, from which, however, it soon becomes detached ; and it con- 
tinues to envelope the eggs, generally floating on the surface of 
the water until they are hatched with the i*eturning warmth of 
spring. This curious provision obviously affords protection to 
the eggs which ai-e to endure the severity of winter cold ; and an 
approach to it may be seen in the remarkable firmness of the 
envelopes of the ‘ winter eggs ’ of some Rotifeia. There seems a 
strong probability, from the observations of Sii* J. Lubbock (now 
Lord Avebury), tlmt the ‘ ephippial ’ eggs ai‘e tiue sexual jjroducts, 
since males are to be found at the time when the ephip])ia are de- 
veloped ; whilst it is certain that the ordinary eggs can be produced 
non-sexually, and that the young which spring from them can multi- 
ply the race in like manner. The young which are produced from 
the ephippial eggs seem to have the same power of continuing the 

1 For an interesting account of the parthenogenetic development of Ajyus and its 
allies see the sixtli of Von Siebold’s Beitrdge zur Parthenogoneais der Arthropoden 
(Leipzig, 1871). 

2 ‘ ^ account of the two Methods of Reproduction in Daphnia, and of the 
Structure of the Ephippium,’ in Phil. Trans. 1857, p. 79. On the ‘ summer-egg ’ of 
Daphnia see Lebedinsky, Zdol. Anzeig. xiv. p. 149. 
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ra^e by non-sexiuil repi'oduction as the young developed under 
ordinary circumstances. 

In most Entomostraca the young at the time of their emersion 
from the egg differ considerably from the parent, especially in having 
oidy the thoracic portion of the body as yet developed, and in pos> 
sessing but a small number of locomotoi* appendages (see fig. 720 , 
C-G) ; the visual organs, too, are frequently wanting at first. The 
process of development, however, takes place with great rapidity, 
the aninail at each siK^cessive moult (which pi*ocess is very commonly 
repeated at intervals of a day or two) presenting some new parts, 
and becoming more and more like its parent, which it very early 
resembles in its power of multiplication, the female laying eggs 
before she has attained her own full size. Even when the Entomo- 
straca have attained their full growth, they continue to exuviate 
their shcdl at short intervals during the whole of life ; and this 
repe.ated moulting seems to prevent the animal fi*om being injured, 
or its movements obstructed, by tlie overgrowth of parasitic animal- 
cules and confei’vje, weak and sickly individuals being frequently 
seen to be so covered with such pai-asites that their motion and life 
are soon ai*rested, apparently because they have not strength to cast 
off and renew their envelopes. The process of development a})pears 
to depend in some dogi'eo upon the influence of light, being retarded 
when the animals are secluded fi-om it. ; but its rate is still more 
influenced by heat ; and this appears also to be the chief agent that 
regulates the time which elapses between the moultings of the adult, 
these, in Daphvia^ taking place at intervals of two days in warm 
summer weather, whilst several days intervene between them when 
the weather is colder. The cast shell carries with it the sheaths not 
only of the limbs and plumes, but of the most delicate hairs and 
sebe which are attached to them. If the animal have previously 
sustained the loss of a limb, it is genei-ally renewed .at the next moult, 
as in higher Crustacea.^ 

Forming part ‘ of the entomostracous group is the tribe of 
suctorial Crustacea,^ which for the most part live as parasites upon 
the exterior of other animals (especially fish), whose juices they 
imbibe by means of the peculiar probos(‘is-like organ which takes 
in them the place of the jaws of other crustaceans; whilst other 
ap2)endages, representing the foot-jaws, are furnished with hooks, 
by which these parasites attach themselves to the animals from 
whose juices they derive their nutriment. Many of the suctorial 
Crustacea bear a strong resemblance, even in their adult condition, 
to other Entomostraca; but more commonly it is between tlie 
earlier forms of the two that the resemblance is the closest, 
most of the Suctoria undergoing such extraordinary changes in their 

For a systematic and detailed account of this group Dr. Baird’s Natural 
History of the British Entomostraca, published by the Ray Society in 1849, must 
still be recommended. The numerous essays by Professor Claus should also be 
consulted. 

^ It is now generally recognised that these should be placed with the Copepoda, 
which may be divided into the Eucopepoda and the Branchiura ; the former are 
divisible into the Onathostomata, most of which are non-parasitic, and have been 
already described under Cojjepoda, and the Siphonostowata, of which Lemcra is an 
example. 
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progi'ess towards the adult condition that, if their complete forms 
were alone attended to, they might be excluded from the class 
altogether, as was (in fact) done by many earlier zoologists. Of the 
suctorial Crustacea which form the group Branchiiira may be 
specially mentioned the Aryidus foliaceus, which attaches itself to 
the surface of the bodies of fresh-water fish, such as the stickleback, 
and is commonly known under the name of the ‘ fish-louse.’ This 
animal has its body coveied with a large firm oval shield, which 
does not extend, howevei*, over the posterior part of the abdomen. 
The mouth is armed with a pair of styliform mandibles; and on 
each side of the proboscis there is a large, short, cylindrical ap- 
pendage, terminated by a curious sort of sucking-disc, with another 
pair of longer jointed members, terminated by prehensile hooks. 
These two pairs of appendages, which are probably to be considered 
as representing the foot-jaws, are followed by four pairs of legs, 
which, like those of the branchiopods, are chiefiy adapted for 
swimming ; and the tail, also, is a kind of swimmeret. This little 
animal can leave the fish upon which it feeds, and then swims freely in 
the water, usually in a straight line, but frequently and suddenly 
changing its direction, and sometimes turning ovei* and over several 
times in succession. The stomach is remarkable for the large ciecal 
prolongations which it sends out on either side, immediately beneath 
the shell ; for these subdivide and ramify in such a manner that they 
are distributed almost as minutely as the ca'cal prolongations of the 
stomach of the Planaria (fig. 714). The 2 )roper alimentary canal, how- 
ever, is continued backwards from the central cavity of the stomach, as 
an intestinal tube, which terminates in an anal orifice at the extremity 
of the abdomen. A far more remarkable departure from the typical 
form of the class is shown in the Lernoia, which is found attached 
to the gills of fishes. This creature has a long suctorial proboscis ; 
a shoi-t thorax, to which is attached a single paii* of legs, which meet 
at their extremities, where they bear a sucker which helps to give 
attachment to the parasite ; a large abdomen ; and a pair of pendent 
egg-sacs. In its adult condition it buries its anterior portion in the 
soft tissue of the animal it infests, and appears to have little or no 
power of changing its place. But the young, when they come forth 
from the egg, are as active as the young of Cyclops (fig. 720, C, D), 
which they much resemble ; and only attain the adult form after a 
series of metamoi*phoses, in which they cast off their locomotive 
members and eyes. It is curious that the original form is retained 
with comparatively slight change by the males, which increase but 
little in size, and are so unlike the females that no one would suppose 
the two to belong to the same family, much less to the same species, 
but for the study of their development.^ 

From the parasitic suctorial Crustacea the transition is not 

1 As the group of suctorial Crustacea is interesting rather to the professed 
naturalist than to the amateur microscopist, even an outline view of it would be un- 
suitable to the present work ; and the Author would refer such of his readers as may 
desire to study it to the excellent treatise by Dr. Baird already referred to. Of the 
numerous recent essays and memoirs those of Professor Claus should by all means 
be consulted. Mr. P. W. Bassett- Smith, Staff-surgeon R.N., has in the last few years 
published several interesting papers. 
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really so abrupt as it might at first sight appear to the group of 
Gim'pedia^ consisting of the barnacles and their allies ; for these, 
like many of the Suctoria^ are fixed to one spot during the adult 
portion of their lives, but come into the world in a condition that 
bears a strong resemblance to the early state of many other 
Crustacea. The departure from the ordinary crustacean type in 
the adults is, in fact, so great that it is not surprising that zoolo- 
gists in general should have ranked them in a distinct class, their 
superficial resemblance to the Mollusca, indeed, having caused most 
systematists to place them in that series, until due weight was 
given to those structural featui*es which mark their ‘ articulated ’ 
character. We must limit ourselves, in our notice of this group, 
to that very remarkable part of their liistory, the microscopic 
study of which has contributed most essentially to the elucidation 



Fio. 721. — Development of Balanus halaiioidcs : A, earliest 
form ; B, larva after second moult ; C, side view of the same ; 

D, stage immediately preceding the loss of activity; a, 
stomach (?) ; 6, nucleus of future attachment (?). 

of their real nature. The observations of Mr. J. V. Thompson,^ with 
the extensions and rectifications which they have subsequently 
received from others (especially Mr. Spence Bate‘^ and Mr. Dar- 
win ^), show that there is no essential difference between the early 
forms of the sessile Cirripeds {Balanidce or ‘acorn-shells’) and of the 
pedunmlated (Lepadidm or ‘barnacles’); for both are active little 
animals (fig. 721, A), possessing three pairs of legs and a pair of 
compound eyes, and having the body covered with an expanded 
carapace, like that of many entomostracous crustaceans, so as in no 

' zoological BesearcheSy No. IV. 1830, and Phil. Trans. 1835, p. 855. 

2 ‘ On the Development of the Cirripedia’ in Ann. Nat. Hist. ser. ii. vol. viii. 
1851, p. 324. 

3 Monograph of the Sub-Class Girripedia, published by the Ray Society. 
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essential particular to differ from the larva of Cyclops (fig. 720, C). 
After going through a series of metamorphoses, one stage of which 
is repi*esented in fig. 721, B, C, these larvfe come to present a form, 
D, which reminds us strongly of that of Daphnia^ the body being 
inclosed in a shell composed of two valves, which are united along 
the back, whilst they are free along their lower margin, where they 
separate for the proti usion of a large and strong anterior pair of 
prehensile limbs, provided with an adhesive sucker and hooks, and 
of six pairs of postei-ior legs adapted for swimming. This bivalve 
shell, with the members of both kinds, is subsequently thrown off ; 
the animal then attaches itself by its head, a portion of which, in 
the barnacle, becomes excessively elongated into the ‘ peduncle ’ of 
attachment, whilst in Balanus it expands into a bi*oad disc of 
adhesion ; the first thoracic segment sends backwards a prolongation 
which arches over the rest of the body, so as completely to inclose 
it, and of which the exterior layer is consolidated into the ‘ multi- 
valve ’ shell ; whilst fi-om the other thoracic segments are evolved 
the six pairs of from whose peculiai- t^haiacter the name of 

the group is derived. These are long, slender, many-jointed, tendril- 
like appendages, fringed with delicate filaments cover(‘d with 
cilia, whose action serves both to bring food to the mouth and to 
maintain aerating currents in the water. The balani are peculiarly 
interesting objects in the aquarium on account of the pumping 
action of their beautiful feathery appendages, which may be watched 
through a tank microscope ; and their cast skins, often collected by 
the tow-net, are well worth mounting.^ 

Malacostraca. — The chief j^oints of intei*est to the microscopist 
in the more highly oiganised forms of Crustacea are furnished by 
the structure of the exoskeleton, and by the phenomena of meta- 
morphosis, both Avhich may be best studied in the commonest kinds. 
The exoskeleton of the Decapods in its most complete form consists 
of three strata, viz. 1, a horny structui’eless layer covering the 
exterior ; 2, an areolated stratum ; and 3, a laminated tubular sub- 
stance. The innermost and even the middle layers, how ever, may be 
altogether wanting ; thus, in the larval forms known as Dhyllosomata 
or ‘glass-crabs,’ the envelope is formed by the transparent horny 
layer alone ; and in many of the small crabs belonging to the genus Por- 
tunus the whole substance of the carapace beneath the horny invest- 
ment presents the areolated structure. It is in the large thick-shelled 
crabs that we find the three layers most differentiated. Thus in 
the common Cancer ]m(jurns we may easily sepaiate the structure- 
less horny covering aftei* a short maceration in dilute acid ; the 
areolated layer, in which the pigmentary mattei* of the coloured 
parts of the shell is chiefly conmined, may be easily brought into 
view by grinding away from the inmr side as flat a piece as can be 
selected, having first cemented the outer surface to the glass slide, 
and by examining this with a magnifying j)ower of 250 diameters, 
driving a strong light through it with the achromatic condenser ; 

t "Valuable details as to the structure of this group will be found in Dr. P. P. C. 
Hoek’s report on the Cirripeds collected by H.M.S. Challenger. Compare, also, 
M. Nussbaum, Anatomische Stiidien, Bonn, 1890. 
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whilst the tubular structure of the thick inner layer may be readily 
demonstrated by means of sections parallel and perpendicular to its 
surface. This structure, which resembles that of dentine^ save that 
the tubuli do not branch, but remain of the same size thi'ough their 
whole course, may be particularly well seen in the black extremity 
of the claw, which (ajjparently from some peculiarity in the mole- 
cular arrangement of its mineral particles) is much denser than the 
rest of the shell, the former having almost the semi-transparence 
of ivory, whilst the latter lais a chalky opacity. In a transverse 
section of the claw the tubuli may be seen to radiate from the central 
cavity towards the sui’face, so as very strongly to resemble their 
arrangement in a tooth ; and the resemblance is still fvirther increased 
by the presence, at tolerably regular intervals, of minute sinuosities 
corresponding with the laminations of the shell, which seem, like 
the ^ secondary curvatures ’ of the dentinal tubuli, to indicfite suc- 
cessive stages in the calcification of the animal basis. In thin 
sections of the areolated layer it may l)e seen that the apparent 
walls of the areola^ are merely translucent sj)aces from which the 
tubuli are absent, their orifices being abundant in the intervening 
spaces.^ The tubulai* layer rises up through the pigmentary layer 
of the crab’s shell in little })apillary elevations, which seem to be 
concretionary nodules; and it is from the deficiency of the pig- 
mentaiy layer at these parts that the coloured portion of the shell 
deiives its minutely speckled a])pearance. Many de2)ai‘tui*es from 
this type are presented by the different species of decapods ; thus 
in the prawns there ai'e large stellate pigment-spots resembling 
those of frogs, the colours of which are often in remarkable con- 
foi'inity with those of the bottoiti of the i‘ock-j)ools fi^equented by 
these creatures ; whilst in the shrimps there is seldom any distinct 
trace of the areolated layer, and the calcareous portion of the skele- 
ton is disposed in the form of concentric rings, which seem to be the 
result of the concretionary aggregation of the calcifying deposit. ^ 

It is a veiy curious cii-cumstance that a strongly marked dif- 
ference exists between ci-ustaceans that ai*e otherwise very closely 
allied in regard to the degree of change to which their young are 
subject in theii* pi-ogress towards the adult condition. For, whilst 
the common crab, lobstei’, spiny lobstei’, prawn, and shrimp 
undergo a regular metamorphosis, the young of the crayfish and 
some land-crabs come forth from the egg in a form which corre- 
sponds in all essei\tial particulars with that of their parents. 
Oeneiully speaking, a sti*ong resemblance exists among the young 
of all the species of decapods which undergo a metamorphosis, whether 
they are afterwards to belong to the iiuto'iiroits (long- tailed) or to 
the hrachynrous (short-tailed) division of the grou]) ; and the forms 

1 Tho Author is now quite satisfied of the correctness of the interpretation put by 
Professor Huxley (see his article, ‘ Tegumentary Organs,’ in the Cycloj). Aunt, and 
Phys. vol. V. p. 487), and by Professor W. C. Williamson ( ‘ On some Histological 
Features in the Shells of Crustacea’ in Quart. Joiirn. Microsc. Sci. vol. viii. 1860, 
p. 38) upon the appearances which he formerly described {Meport of British Asso- 
ciation for 1847, p. 128) as indicating a cellular structure in this layer. 

2 Consult Braun, ‘ Ueber die histologischen Vorgiinge bei der Hautung von 
Astacus fiuviatilis,' Arbeit. Zool. Inst. Wtirzhurg^ ii. p. 121. 
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of these larvfe are so peculiar, and so entirely different from any of 
those into which they are ultimately to be developed, that they were 
considered as belonging to a distinct genus, Zo'ea^ until their real 
nature was first ascertained by Mr. J. Y. Thompson. Thus, in the 
earliest state of Carchiits mcenas (small edible crab), we see the head 
and thorax, which form the principal bulk of the body, included 
within a large carapace or shield (fig. 722, A) furnished with a long 
projecting spine, beneath which the fin-feet are put forth ; whilst 
the abdominal segments, narrowed and prolonged, carry at the end 
a flattened tail-fin, by the strokes of which upon the water the pro- 
pulsion of the animal is chiefly effected. Its condition is hence 
comparable, in almost all essential particulars, to that of Cycloj)8. 
In the case of the lobster, prawn, and other ‘ macrurous ’ species, 
the metamorphosis chiefly consists in the separation of the loco- 
motor and respiratoiy organs, true legs being developed from the 
thoracic segments for the former, and true gills (concealed within a 
special chamber formed by an extension of the carapace beneath the 



Fio. 722. — Metamorphosis of Carclnus mceuas : A, first or Zoea 
stage ; B, second or Megalopa stage ; C, third stage, in which 
it begins to assume the adult form ; D, perfect form. 


body) for the latter ; while the abdominal segments inci ease in size 
and become furnished with appendages (flilse feet) of their own. In 
the crabs, or ‘ brachyurous ’ species, on the other hand, the altera- 
tion is much greater ; for, besides the change first noticed in the 
thoracic members and respiratory organs, the thoracic region becomes 
much more developed at the expense of the abdominal, as seen at 
B, in which stage the larva is remarkable for the large size of its 
eyes, and hence received the name of Megaloj^a, when it was sup- 
posed to be a distinct type. In the next stage, C, we find the 
abdominal portion reduced to an almost rudimentary condition, and 
bent under the body ; the thoracic limbs are more completely adapted 
for walking, save the first pair, which are developed into chelce or 
pincers ; and the little creature entirely loses the active swimming 
habits which it originally possessed, and takes on the mode of life 
peculiar to the adult. ^ 

In collecting minute Crustacea the ring-net should be used for 

1 On the metamorphoses of Crustacea and Cirripedia, see especially the TJnter- 
»uchungen iiber Cruataceen of Professor Claus, Vienna, 1876. A number of 
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the fresh- water species, and the tow-net for the marine. In localities 
favourable for the latter the same ‘ gathering ’ will often contain 
multitudes of various species of Entomostraca, accompanied perhaps 
by the larvae of higher Crustacea, echinoderm larvae, annelid larvae, 
and the smaller Medvsce. The water containing these should be put 
into a large glass jar, freely exposed to the light ; and, after a little 
practice, the eye will become so far habituated to the general appear- 
ance and modes of movement of these diffei'ent forms of animal life 
as to be able to distinguish them one from the other. In selecting 
any specimen for microscopic examination the dipping-tube will be 
found invaluable. The collector will frequently find larvae, 

I’ecognisable by the brightness of their two black eye-spots, on the sur- 
face of floating leaves of Zostera. The study of the metamorphosis 
will be best 2)rosecuted, however, by obtaining the fertilised eggs, 
which are carried about by the females, and watching the history of 
their products. For preserving specimens, whether of Entomostraca 
or of larvje of the higher Crustacea, the Author would recommend 
sterilised glycerin-jelly as the best medium. 

interesting facts and speculations on the Crustacea will be found in F. Miiller’s 
and Argu7nent? for Darwin (London, 1869). The work of Reichenbacli on the 
Development of the Crayfish is contained in vol. xxix. of the Zeitschr. f. wlss. Zdol. 
p. 123, 1877, and vol. xiv. of the Abhaiull. Senckenherg. Naturf, Gesells. 1886. See 
also the essay, by W. K. Brooks, On the Development of Lucifer, in PJiil. Trans. 
1882, p. 57. Mr. F. H. Herrick’s memoir on the American Lobster {Bull. U.S. Fish. 
Goinin. XV. [1896] ) contains matter of much interest. Professor Sars’s fully illustrated 
monograph of the Crustacea of Norway is being steadily and rapidly published. 
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There is no class in the whole animal kingdom which aitords to the 
mici'oscopist such a wonderful variety of interesting objects, and 
such facilities for obtaining an almost endless succession of novelties, 
as that of insects. For in the first place, tlie number of difterent 
kinds that may be bi’ought together (at the proper time) wdth ex- 
tremely little trouble far sui’passes that wliich any other group of 
animals can supply to the most painstaking collector ; then, again, 
each specimen will afford to him who knows how to employ his 
nuiterials a considerable number of microscopic objects of very 
different kinds ; and thirdly, although some of tliese objects requii’e 
much care and dextei’ity in their prepaivation, a large proportion 
may be got out, examined, and mounted witli A^ery little skill or 
trouble. Take, for example, the common house-fly ; its e^es may 
be easily mounted, one as a transparent, the otlier as an opaque 
object ; its untennm, although not such beautiful objects as those of 
many other Diptera, are still well worth examination ; its tomjue or 
‘ proboscis ’ is a, peculiarly interesting object, tliougli recjuii ing some 
care in its preparation ; its spiracles, which may be easily cut out 
from the sides of its body, have a very curious structure ; its 
alimentary canal affords a very good example of the minute distri- 
bution of the tracheae ; its wimj, examined in a living specimen 
newly come forth from the pupa state, exhibits the cii*culation of 
the blood in the ‘ nervures,’ and when dead shows a most beautiful 
play of ii idescent colours, and a remarkable areolation of surface, 
when examined by light reflected from its surfixee at a pai-ticular 
angle ; its foot has a very peculiar conformation, which is doubtless 
connected with its singular power of walking over smooth surfaces 
in direct opposition to the force of gravity, while the structure 
and physiology of its sexual apparatus, with the histoiy of its develop- 
ment and metamorphoses, would of itself suffice to occupy tlic whole 
time of an observer w ho should desire thomughly to work it out, not 
only for months, but for years.* Hence, in treating of this department 
in such a work as the present, the Author labours under the emharras 
des richesses ; for, to enter into such a description of the parts of the 
structure of insects most interesting to the microscopist as should 

^ See Mr. Lowne’s valuable treatise on The Anatomy and Physiology of the 
Blow-fly, 1870 ; second edition 1891-4. 
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be at all comparable in fulness with the accounts which it has been 
thought desirable to give of other classes would swell out the 
volume to an inconvenient bulk ; and no c*ourse seems open but to 
limit the treatment of the subject to a notice of the kinds of 
objects which are likely to prove most generally interesting, with a 
few illustrations that may seive to make the descriptions more clear, 
and with an enumeration of some of the soui*ces whence a variety 
of specimens of each class may be most readily obtained. And this 
limitation is the less to be regretted, since there already exist in 
our language numerous elementary treatises on entomology, wherein 
the general structure of insects is fully explained, and the conforma- 
tion of their minute parts as seen with the microscope is adequately 
illustrated.^ 

A considerable number of the smaller insects — especially those 
belonging to the orders CoUoptera (beetles), Neuroptera (dragon-fly, 
May-fly, &c.), llymenoptera (bee, wasp, ttc.), and Dijytera (two-winged 
flies) — may be mounted entire as ojmqua objects for low magnifying 
powers, care being taken to spread out tbeir legs, wings, &c., so as 
adequately to display them, which may be accomplished, even after 
they have di*ied in other positions, by softening them by steeping 
them in hot water, or, where this is objectionable, by exposing 
them to steam. Directions on this point, applicable to small and 
large insects alike, may ])e found in various text -books of ento- 
mology. Thei*e are some, however, whose transl licence allows them 
to be viewed as transparent objects, and these are either to 
be mounted in Canada balsam or in I)ean\s medium, glycerin 
jelly, or Farrant’s gum, according to the degi’ee in which the horny 
opacity of their integument requires the assistance of the balsam to 
facilitate the transmission of light through it, or the softness and 
delicacy of their textures render an aqueous medium more desirable. 
Thus an ordinary flea or buy will best be mounted in balsjim ; but 
the various parasites of the louse kind, with some or other of which 
almost every kind of animal is affected, should be set up in some of 
the ‘ media.’ Some of the aquatic larvie of the Diptera and Neuro- 
ptera, which are so transparent that their whole internal oi'gaiiisa- 
tion can be made out without dissection, are very beautiful and 
interesting objects when examined in the living state, especially 
because they allow the circulation of the blood and the action of the 
dorsal vessel to be discerned. Among these there is none prefer- 
able to the larva of the Ephemera maryinata (day-fly), which is dis- 
tinguished by the possession of a number of beautiful appendages 
on its body and tail, and is, moreover, an extremely common 
inhabitant of our ponds and streams. This insect passes two or 
even three years in its larval state, and during this time it 
repeatedly throws oflf its skin ; the cast skin, when perfect, is an 
object of extreme beauty, since, as it formed a complete sheath to 
the various appendages of the body and tail, it continues to exhibit 
their outlines with the utmost delicacy; and by keeping these -larvae 

1 An excellent introduction, to the study of insects will be found in The Structure 
and Life-history of the Cockroach^ by L. C. Miall and A. Denny (London, 1886). 
See also Dr. D. Sharp in the Cambridge Natural History. 
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in an aquarium, and by mounting the entire series of their cast 
skins, a record is preserved of the successive changes they undergo. 
Much care is necessary, however, to extend them upon slides in con- 
sequence of their extreme fragility ; and the best plan is to place 
the slip of glass under the skin whilst it is floating on water, and to 
lift the object out upon the slide. Thin sectio'tis of insects, cater- 
pillars, &c., which bring the internal parts into view in their normal 
relations, may be cut with the microtome by first soaking the body 
(as suggested by Dr. Haliflix) in thick gum-mucilage, which passes 
into its substance, and gives support to its tissues, and then inclos- 
ing it in a casing of melted paraflSn made to fit the cavity of the 
section-instrument. 

Structure of the Integument. — In treating of these separate pai ts 
of the organisation of insects which furnish the most interesting 
objects of microscopic study we may most appropriately commence 
with their integument and its appendages (scales, hairs, &c.). The 
body and members are closely invested by a hardened skin, which 
acts tas their skeleton, and afi;brds points of attachment to the muscles 
by which their several parts are moved, being soft and flexible, how- 
ever, at the joints. This skin is usually more or less horny in its 
texture, and is consolidated by the animal subshince termed chitine, 
as well as in some cases by a small quantity of mineral matter. It 
is in the Coleoptei*a that it attains its greatest development, the 
‘ dermo-skeleton ’ of many beetles being so firm as not only to confer 
upon them an extraordinaiy power of passive resistance, but also to 
enable them to put forth enormous foi*ce by the action of the power- 
ful muscles w^hich are attached to it. The outer layer of this dermo- 
skeleton is continuous, the cells which secrete it lying beneath the 
parallel lamina? of which it is made up ; on the surface the chitinous 
cuticle may be seen to be marked out into a number of polygonal 
(usually hexagonal) areas which correspond to the subjacent secret- 
ing cells. Of this we have a very good example in the superficial 
layers (fig. 737, B) of the thin horny lamelhe or blades whicJi 
constitute the terminal portion of the antenna of the cockchafer, 
this layer being easily distinguished from the intermediate portion 
(A) of the lamina by careful focussing. In many beetles the hexa- 
gonal areolation of the surface is distinguishable when the light is 
reflected from it at a paT-ticular angle, even when not discernible in 
transparent sections. The integument of the common red ant 
exhibits the hexagonal cellular arrangement very distinctly through- 
out ; and the broad flat exjmnsion of the leg of the Crahro (‘ sand- 
wasp’) affords another beautiful example of a distinctly cellular 
arrangement of the outer layer of the integument. The inner layer, 
however, which constitutes the principal part of the thickness of the 
horny casing of the beetle tribe, seldom exhibits any distinct organi- 
sation, though it may be usually separated into several lamellae, 
which are sometimes traversed by tubes that pass into them from 
the inner surface, and extend towards the outer without reach- 
ing it. 

Tegumentary Appendages. — The surface of the insects is often 
beset, and is sometimes completely covered, with apperidages having 
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either the form of broad flat scales or that of hairs more or less 
approaching the cylindrical shape, or some form intermediate be- 
tween the two. The scaly investment is most complete among the 
Lepkloptera (butterfly and moth tribe), the distinguishing character 
of the insects of this order being derived from the piesence of a 
regular layer of scales upon each side of their large membranous 
wings. It is to the peculiar coloration of the scales that the various 
hues and figures are due, by which these wings are so commonly 
distinguished, all the scixles on one patch (for example) being green, 
those of another red, and so on ; for the subjacent membrane 
remains perfectly transparent and colourless when the scales have 
been brushed oflT from its surface. Each scale seems to be composed 
of two or more membranous lamelbe, often with an intervening 
deposit of pigment, on which, especially in Lepidbptera, their colour 
depends. Certain scales, however, especially in the beetle tribe, 
have a metallic lustre, and exhibit brilliant colours that vary with 
the mode in which the light glances from them ; and this ‘ irides- 
cence,’ which is specially noteworthy in the scales of the Carculio 
imperialis (‘ diamond beetle ’), seems to be a purely optical effect, 
depending either (like the prismatic hues of a soap-bubble) on the 
extreme thinness of the membranous lamelhe, or (like those of 
‘ mother-of-pearl ’) on a lineation of surfiice produced by their cori’u- 
gation. Each scale is fuiaiished at one end with a sort of handle or 
‘ pedicle’ (figs. 723, 724), by which it is fitted into a minute socket 
attached to the surface of the insect ; and on the wings of Lepido- 
ptera these sockets are so arranged that the scales lie in very regular 
rows, each row overlapping a portion of the next, so as to give to 
their surface, when sufficiently magnified, very much the appearance 
of being tiled like the i*oof of a house. Huch an arrangement is said 
to be ‘ imbricated.’ The foians of these scales are often veiy curious, 
and fi'equently differ a good deal on the several pai’ts of the wings 
and of the body of the same individual, being usually more expanded 
on the former and narrower and more haiilike on the latter. A 
peculiar type of scale, which has been distinguished by the designa- 
tion plumule^ is met with among the Pier idee ^ one of the })i‘incipal 
families of the diurmd Lepidoptera. The ^ plumules ’ are not flat, 
but cylindrical or bellows-sluqjed, and are hollow ; they ai‘e attached 
to the wing by a bulb at the end of a thin elastic peduncle that 
differs in length in different species, and proceeds from the broader, 
not from the nai*rower end of the scale ; whilst the free extremity 
usually tapers off and ends in a kind of brush, though sometimes it 
is broad and has its edge fringed wdth minute filaments. These 
‘ plumides ,’ which are peculiar to the males, are found on the upper 
surface of the wings, partly between and partly under the ordinary 
scales. They seem to be represented among the Lycamidee by the 
‘ battledore’ scales to be presently described.^ 

The peculiar markings exhibited by many of the scales very early 
attracted the attention of opticians engaged in the application of 

1 See Mr. Watson’s memoirs ‘ On the Scales of Battledore Butterflies,’ in Monthly 
Microscopical Journal, ii. pp. 78, 314. 
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achromatism to the microscope ; for, as the clearness and strength 
with which they could he shown were found to depend on the 
degree to which the angular aperture of an objective could be opened 
without sacrifice of perfect correction for spherical and chromatic 
aberration, such scales proved very serviceable as ‘tests.’ The 
Author can well remember the time when those of the Morpho Mem- 
lam (fig. 723), the ordinary and ‘ battledore ’ scales of the Polyoni- 
matiis Argus {B.gs. 724, 725), and the scales of the Lepisma saccharina 
(fig. 726), which are now only used for testing objects of low or 
medium power, were the recognised tests for objec^ts of high power ; 
while the exhibition of alternating light and dark bands on a 
Podura scale was regarded as a first-rate performance. It is easy 
for anyone possessed of a good apochromatic objective of 6 mm. 
inch) to obtain all the characteristic features of the scale ; but 
the determination of the method of 
construction of the scale and the proper 
interpretation of the ‘ markings ’ is a 
matter that the wise mici’oscopist will 
prefer to relegate to the days when the 
apertures of our best present lenses will 
be looked upon comparatively as we now 
look upon the earliest achromatic ob- 
jectives. No one can give a fiiirly 
comprehensive and satisfactoiy sugges- 
tion of the true natui*e of the Podura 
scale, and yet on no one object has 
microscojjy lavished so much labour for 
so many years. 

The easier test scales are furnished 
by the Lepidoptera (butterflies and 
moths), and among the most beautiful 
of these, both for colour and for regu- 
larity of marking, are those of the 
Morpho Menelaus (fig .723). These are 
of a rich blue tint, and exhibit strong 
longitudinal striae, which seem due to 
ribbed elevations of one of the superficial layers. Thei’e is also an 
appearance of transverse striation, which cannot be seen at all with 
an inferior objective, but becomes very decided with a good objective 
of medium focus ; and this is found, when submitted to the test of a 
high power and good illumination, to depend upon the presence of 
transverse thickenings or corrugations (fig. 723), probably on the in- 
ternal surface of one of the membranes. The lai'ge scales of the Poly- 
ommatus Argus (‘azure blue^ butterfly) resemble those of the Menelaus 
in form and structui’e, but are more delicately marked (fig. 724). 
Their ribs are more nearly parallel than those of the Menelaus scale, 
and do not show the same transverse striation. When one of these 
scales lies partly over another, the eflfect of the optical intersection 
of the two sets of ribs at an oblique angle is to produce a set of 
interrupted striations (6), very much resembling those of the Podura 
scale. The same butterfly furnishes smaller scales, which are com- 



Menelaus. 
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monly termed the ‘ battledore ’ scales, from their resemblance in 
form to that object (fig. 724, a). These scales, which occur in the 
males of several genera of the family Lycoenidce, and present a 
considerable variety of shape, ^ are marked by narrow longitudinal 
ribbings, which at intervals seem to expand into rounded or oval 
elevations that give to the scales a dotted appearance (fig. 725) ; at 
the lower part of the scale, howevei*, these dots are wanting. 
Dr. Anthony describes and figures them as elevated bodies, some- 
what resembling dumb-bells or shirt-studs, ranged along the ribs, 
and standing out from the geneial surface. ^ Other good observers, 
however, whilst recognising the stud-like bodies described by Dr. 
Anthony, regard them as not projecting from the external surface 
of the scale, but as interposed between its two lamelljc ; ^ and this 
view seems to the Author to be more conformable than Dr. Anthony’s 
to general probability. 

The more difticult ^ test scales’ are furnished by little wingless 
insects i*anked together by Latreille in the order Thijsmtm'a, but 



Fig. 7‘24. — Scales of Volijoinmat us Argus 
(azure blue) ; a, battledore scale ; h, 
interference striee. 



Fi(i. 725. — Battledore scale of 
Polijommatus Argus (azure 
blue). 


now separated by Sir John Jiubbock,^ on account of important 
diflferences in internal structure, into the two groups ColUmhola and 
true Thysannra. Of the former of these the Lepismidiv. constitute 
the typical family; and the scale of the common Lepimna saccha- 
Q'ina, or ‘ sugar-louse,’ ^ very early attracted the attention of 

1 See Watson, loc, cit. 

^ ‘ The Markings on the Battledore Scales of some of the Lex)ldoptera ’ in Monthly 
Microscopical Journal, vol. vii. 1872, pp. 1, 250. 

^ See ‘ Proceedings of the Microscopical Society,’ op. cit. i). 278. 

^ See his Monograph of the Collemhola and Thysannra, published by the Ray 
Society, 1872. 

This insect maybe found in most old houses, frequenting darnp warm cupboards, 
and especially such as contain sweets ; it may be readily caught in a small pill-box, 
which should have a few pinholes in the lid; and if a drop of chloroform be put 
over the holes the inmate will soon become insensible, and may be then turned out 
upon a piece of clean paper, and some of its scales transferred to a slip of glass by 
simply pressing this gently on its body. 
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microscopists on account of its beautiful shell-like sculpture. When 
viewed under a low magnifying power it presents a beautiful 
‘ watered-silk ’ appearance, which, with higher amplification, is found 
to depend (as Mr. R. Beck first pointed out)^ upon the intersection 
of two sets of striie, repi*esenting the different stiaictural ari*ange- 
ments of its two superficial membranes. One of its surfaces (since 
ascertained by Mr. Joseph Beck ^ to he the muler or attached 
surface of the scale) is raised, either by corrugation or thickening, 
into a series of strongly marked longitudinal ribs, which run nearly 
parallel from one end of the scale to the other, and ai*e particularly 
distinct at its margins and at its free extremity ; whilst the other 

surface (the free or outer, according 
to Mr. J. Becky presents a set of less 
definite corrugations, radiating from 
the pedicle, whei*e they are strongest, 
towards the sides and free extremity 
of the scale, and thei*efore crossing 
the parallel ribs at {ingles more or 
less acute (fig. 726). It was further 
pointed out by Mr. R. Beck that the 
intersection of these two sets of cor- 
1 ‘ugations at different angles produces 
most curious effects upon the appear- 
iinces which optically re})resent them. 
For where the diveigiiig ribs cross 
the longitudiiail ribs veiy obliquely, 
as they do nejir the fi’ee extremity of 
the scale, the longitudinal ribs seem 
broken \ip into a series of ‘ excla- 
mation markings,’ like those of the 
Podura ; but whei*e the crossing is 
tniiis verse or neaidy so, as at the 
sides of the scjile, an appeamnce is 
presented as of succi^ssions of large 

Pi«. 726.-Scole of Lephma |n-ight beiwls. The eoiicluHioii drawn 
.,reluu.na. 

terrupted appciirances are ‘ produced 
by two sets of uninterruj)ted lines on different surfices,’ has been 
confirmed by the cai*eful investigations of Mr. Moorhouse.^ The 
minute beaded structure observed by Dr. Royston-Pigott alike in 
the i*ibs and in the intervening spaces may now be ceitainly le- 
garded as an optical efiect of diffniction. In the scjile of a type 
nearly allied to Lepisma, the Machilis polgpod,a, the very distinct 
ribbing (fig. 727) is produced by the corrugation of the under mem- 
branous lamina alone, the upper or exposed lamina being smooth, 
with the exception of slight undulations near the pedicle, and the 
ci'oss-markings being due to structure between the superposed 

* The Achromatic Microscope, p. 60. 

^ See his appendix to Sir John Lubbock’s Monograph. 

^ Monthly Microscopical Journal, vol. xi. 1874, p. 18, and vol. xviii. 1877, p. 81. 

* Ibid. vol. ix. 1878, p. 63. 
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membranes, pi*obably a deposit on the intei'ior surface of one or both 
of themd 

Although the Poduridte, and Lepismklm now lank as distinct 
families, yet they approximate sufficiently in geneial organisation, 
as well as in habits, to justify the expectation that tlieir scales 
would be framed u])on the same plan. The Podnridw, are found 
amidst the sawdust of wine-cellars, in garden tool -houses, or near 
decaying wood, and derive their popular name of ‘ spring-tails ’ 
from the possession by many of them of a curious caudal appen- 
dage by which they can lea}> like fleas. This is particularly 
well developed in the species now designated Ltpidocjfrtiis curvi- 
collis, which furnishes what are ordinarily known as ‘ Podiira ’ sctdes. 
‘ When full grown and nnr\d>bed,’ says Sir 
John Lubbock, ‘this species is very beauti- 
ful, and reflects the most gorgeous metallic 
tints.’ Its scales are of different sizes and 
of diffei’ent degrees of strength of marking 
(fig. 728, A, B), and are therefore by no 
means of uniform value as tests. The 
general appearance of tlieir surface, under 
a powtT not sufficient to resolve tlieir mark- 
ings, is that of watere<l silk, light and dark 
bands passing across it with wavy irregu- 
laidty ; but a wiffi-corrected objective of 
vei’Y moderate aperture novv^ suffices to re- 
solve every dark hand into a row of dis- 
tinct ‘ exclamation marks.’ A certain 
longitudinal continuity may be tracial be- 
tween the ^ exclamation marks ’ in the 
ordinary test scale : but this is much more 
appai*ent in other scales from tin* same 
species (fig. 729), as well as in the 
scales of various allied types, which wei’e 
(carefully studied by the late Mr. R. Beck.‘^ 

In cmtaiii other types, indeed, the scales 
have very distinct longitudinal jiai'allel 
i*ibs, sometimes with regularly disposed Fiu. 727 .— Scale of MachiUn 
cross-bars ; these ribs, being confined to one 
sui'face only (that which is in contact with 

the body), are not subject to any such interference with their optical 
(jontinuity as has been shown to occur in ]jepisina\ but more or less 
distinct indications of radiating corrugations often present them- 
selves. The ap])eai anee of the interrupted ‘ exclamation marks ’ 
Ml*. J. Beck considers to be due ‘to irregular corrugations of the 
outei* surface of the under membrane, to slight undulations on the 
outer surface of the upper membrane, and to structure between the 
sujierposed membi'anes.’ It has, indeed, been stated by Mr. Joseph 

^ See Mr. Joseph Beck in Sir J. Lubbock’s Monograph^ p. 255. 

^ Tnins. Microsr. Sor. n.s. vol. x. 1802, p. 88. See also Mr. Joseph Beck, in the 
appendix to Sir John Lubbock’s Mo?wgrapJi,(ind in Monthly MicroscoptcalJournaly 
iv. p. ‘253. 
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Beck that the scales of a lepidopteroiis insect belonging to the genus 
Mormo^ which under a low power present the watered-silk appeai - 
ance seen in the Podura scale, under a 1 in. obj. show the ‘ exclama- 
tion markings,' whilst under a in. obj. they exliibit distinct ribs 
from pedicle to apex, thus showing in one scale how the appearances 
run from one into the other. ^ 

The hairs of many insects, and still more of their lai vae, are 
very interesting objects for the microscope on account of their 
branched or tufted conformation, this being particularly remarkable 
in those with which the common hairy caterpillars are so abundantly 
beset. Some of these afford very good tests for the perfect correction 
of objectives. Thus the hair of the hee is pretty sure to exhibit 



Fig. 728. — Test scales of Fig. 729. — Ordinary scale 

collis: A, large strongly marked scale; B, of LepidocijrtiiH curvi- 

small scale, more faintly marked. rolUs. 


strong prismatic colours if the chromatic aberiatioii should not have 
been exactly neutralised ; and that of the larva of a Derimstes 
(commonly, but erroneously, termed the ^ baiton -beetle ') w{xs once 
thought a very good test of defining power, and is still useful for 
this purpose. It has a cylindrical shaft (fig. 730, B) with closely set 
whorls of spiny protuberances, four or five on each whorl ; the 
highest of these whorls is composed of mere knobby spines ; and the 
hair is surmounted by a curious circle of six or seven large filaments, 
attached by their pointed ends to its shaft, whilst at their free ex- 
tremities they dilate into knobs. An approach to this structure is 
seen in the hairs of certain Myriopods (centipedes, galley-worms, &c.), 
of which an example is shown in fig. 730, A ; but a beautiful photo- 

^ Journ. Roy. Mici'osc. Hoc. vol. ii. 1879, ji. 810. On the subject generally 
Dr. A. Spuler’s ‘Beitrag zur Kenntniss des feinereiiBaues . . . der Fliigelbedeckung 
der Schmetterlinge,’ in Zbol. Jahrh. Anat. viii. should be consulted. 
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micrograph of tlie hair of Pohjxeniis lagurus^ of the fiimily Poly- 
desmidce (order (Jhilo(jnatha\ is given in fig. 6 of the fi’ontispiece. 
This is one of tlie finest test objects for medium powers. Other 
minute forms of this class are most beautiful objects under the 
binocular micioscojie on account of the remarkable sti-uctui*e and 
regular arrangement of their hairs. 

In examining the integument of insects and its appendages 
parts of the surface may be viewed either by reflected or transmitted 
light, according to their degree of transpaience and the nature of 
their covering. The beetle and butterfly tribes furnish the greatei* 
number of the specimens suitable to be viewed as opaque objects ; 
and nothing is easier than to mount portions of the elytra of the 
former (usually tlie most showy parts of tlieii- 
bodies), or of the wings of the latter, in the 
manner described in Chapter Yll. The tribe 
of Gurculiouidte, in which the surface is beset 
with scales having the most varied and lustrous 
hues, is distinguished among Coleoptera foi* tlie 
brilliancy of the olijects it afibi'ds, the most 
remarkable in this respect being the well-known 
Oarculio wiper lalis^ or ^ diamond 1 )eetle ’ of South 
America, parts of whose elyti’a, when propeily 
illuminated and looked at with a, low j)ovvei*, 
show like clustei*s of jewels flashing against a 
(lark velvet ground. In many of the Biitish 
Ciircidionidce^ which are smaller and far 
less brilliant, the scales lie at the bottom of 
little depressions of the surface ; and if the 
elytra of the diamond beetle be carefully 
examined, it will be found that each of the 
clusters of scales which ai‘e arranged upon it 
in rows seems to rise out of a deep pit which 
sinks in by its side. The transition fi*om scales 
to hairs is extremely well seen by coni2)aiang 
the different parts of the surface of the diamond 
beetle with each other. The beauty and bril- ^ 
liancy of many objects of this kind are increased 
by mounting them in cells in Canada balsam, 
even though they are to be viewed with reflected 
light ; other objects, however, are rendered less attractive by this 
treatment ; and in order to ascertain whether it is likely toimpr(3ve 
or to deteriorate the specimen, it is a g(X)d plan first to test some 
other portion of the body having scales of the same kind by touching 
it with turpentine, and then to mount the part selected as an object, 
either in balsam or dry, accoi-ding as the turpentine increases or 
diminishes the brilliancy of the scales on the spot to which it was 
applied. Portions of the wdngs of Lepidoptera are best mounted as 
opaque objects without any other preparation than gumming them 
flat down to the disc of the wooden slide, care being taken to avoid 
disturbing the arrangement of the scales and to keep the objects, 
when mounted, as secluded as possible from dust. In selecting such 


A. '% 



r(J. 730. — A, liair of 
Mf/nojxxl ; B, hair of 
DermeateH. 
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portions it is well to choose those 'which have the brightest and 
the most contrasted colours, exotic butterflies being in this respect 
usually preferable to British ; and before attaching them to their 
slides care should be taken to ascertain in what position, with the 
arrangement of light ordinarily used, they ai’e seen to tlie best ad- 
vantage, and to fix them there accordingly. Whenever portions of the 
integument of insects are to be viewed jks traiisjnireiit objects, for the 
display of their intimate structure, they should be mounted in 
Canada balsam, aftei* soaking for some time in turpentine, since this 
substance has a peculiar effect in increasing their traiislucence. Not 
only the horny cases of perfect insects of various orders, but also of 
those of their pupje, are worthy of this kind of study ; and objects 
of great beauty (such as the chrysalis case of the emperor moth), as 
well as of scientific interest, are sui*e to reward such as may prose- 
cute it with any jussiduity. Furtlier information may often be gained 
by softening such parts in potash and viewing them in fluid. The 

scales of the wings of Lepido- 
})tera Ac. are best transferred 
to the slide by simpdy pressing a- 
portion of the wing either upon 
the slip of glass or upon the 
cover ; if none should adhere 
the glass may fii*st be gently 
breathed on. Some of them 
ai*e best seen when examined 
‘ dry,’ whilst others are more 
clear when mounted in fluid ; 
and for the determination of 
theii* exact structure it is well 
to have I’ecourse to both these 



F 


icf. 781. — Head and comi)ouiid eyes of the methods, 
bee, showing the ocellites in situ on one 
^ide, A, and displaced on the other, B ; ‘ ’ 

a, a, a, stemmata ; 6, 6, antenna*. balsam. 


Hairs, on the other 
best mounted in 


Parts of the Head. — The 


ei/es of insects, situated upon the upper and outer part of the head, 
are usually very conspicuous organs, and are fre(piently so large as 
to touch each other in front (fig. 7dl). We find in their structure 
a remarkable example of that multiplication of similar parts which 
seems to be the predominating ‘ idea ’ in the conformation of arti- 
cuhited animals ; for each of the large protuberant bodies which we 
designate as an eye is really a ‘ compound ’ eye, made up of many 
hundred oi* even many thousand minute conical ocelli (B). Ap- 
proaches to this structure are seen in Entomostraca ; but the 
number of ‘ ocellites ’ thus grouped together is usually small. 
In the higher Crustacea, however, the ‘ ocelli ’ are very numerous ; 
and their compound eyes are constructed upon the same general 
plan an those of insects, though their shape and position are often 
very pecidiar. The individual ocelli ai*e at once recognised when 
the ‘compound eyes’ are examined under even a low magnifying 
power by the ‘faceted’ appearance of the surface (fig. 731, A), 
which is marked out by very regular divisions either into hexagons 
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or scjuares ; each hicet is the ‘ corneule ’ of a separate ocellite, and 
has a convexity of its own; hence, by counting the facets, we 
can ascertain the number of ocelli 
in each ^ compound eye.’ In the two 
eyes of the common fly there are 
as many as 4,000 ; in those of the 
cabbage-butterfly there are about 
17,000; in the dragon-fly 24,000; 
and in the Mordella beetle 25,000. 

The structure of the arthropod eye 
is best explained by a comparative 
account of the various stages of 
complication which it presents. 

In various larvic the cuticular 
layer is modified to form a siiigle 
lens, behind which iii o simple, sepii- pio. 7»2.-Diagiam of a section of tlie 
rate, elongated hypodermic cells, composite eye of Mclohmtha vul- 

some of which are' continuons with (cockchafer) ; a, facets of the 

^ , f* ii r* cornea; 6, transparent pyramids 

Tine brandies of the optu* nerve; surrounded with pigment; r, fibres 
these may be called retinal cells. of the optic nerve ; d, trunk of the 
The next stage in complication is nerve, 

seen when these last comlnne to form 
groups, ‘ rctinula* ; ’ the sensitive 
cells may become divided into two 
regions, an outer one, which is 
‘ vitreous ’ and refractive in function, 
while the inner part remains sensi- 
tive ; the corneal surface may be- 
come broken up into a numher of 
facets, each of which cori*esponds to 
one of the ‘ pyramids ’ so formed, 
and within the retinida, then^ may 
be difierentiated a rhabdom (see fig. 

733) formed by the nerve-rod. 

After ti‘a,vei'sing the pyramids 
the i*ays reach the extremities of 
the fibres of the optic nerve, which 
are surrounded, like the pyramid, 
by pigmentary substance. Thus the 
I’ays which have passed through the 
several ‘ corneules ’ are prevented 
from mixing with each other; and 
no rays, save those which pass in 
the axes of the pyramids, can reach 
the fibres of the optic nerve. Hence, which is differentiated into a rhab- 
it is evident that, as no two ocelli ‘‘o'" 

on the same side (fig. 731) have pigment. (After Grenacher.) 
exactly the same axis, no two can 

receive their rays from the same point of an object ; and thus, 
as each compound eye is immovably fixed upon the head, the 
combined action of the entire aggregate will probably afford but 





Fig. 738. — Part of the compound eye 
of Fhnjyanea ; the retinal cellii are 
Been to be united into a retinula (r) 
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a single image, resembling that which we obtain by means of onr 
single eyes. This judgment lias i-eceived a confirmation as unex- 
pected as it is complete and beautiful. The subject of the i*eal 
nature of compound vision can be considered no longer a in: it ten- of 
doubt. We have as complete evidence of its character :is we liave 
of that of vision by vertebrate eyes. It is to Pi-ofessor 8. Exner, 
of Yienna, that we are indebted for the striking though simple 
results. He has been engaged for years on cognate researches, 
and has at length succeeded in taking a jdioto-micrograpli of the 
image presented at the back of a compound insect eye in precisely 
the siiine manner as a similar photograpli might be taken with 
the retina removed at the back of the eye of one of the higher- 
vertebrates. 

The demonstration was satisfactorily made, and the present Editor* 
is indebted for a knowledge of the following details to the courtesy 
of a private communication from Professor Exner. 

The general result of the researches on the subject is presented 
in fig. 734, which is the image at the back of the compound eye 

of Lampijris splendklula 
(firc'-lly), in the position 
in which it would be por- 
ti*ayed upon the retina, but 
magnified 1 20 diameters. 
On to the window pane a 
letter R cut out in black 
was fixed ; the distance of 
the window from the eye 
was 225 ciu., while the dis- 
til lua* ( ;f tlie cl lurch from the 
w iiidow through which it is 
seen in the magnified image 
was 1 35 paces. 

Th(* result is unmistak- 
abh‘ ; tlima* may appear to be 
some ma tters of interest still 
needing interpretation, but 
these ai-e explained in the 
monograph by Exner, giving 
the complete details of the 
method he adopted and the 
mathematical explanation of 
the results he obtained. The 
rectitude of the image and 
the reversion of the R are 
certainly notewoi*thy ; and 
as a (contribution to our 
knowledge of the physiology 
of sight in insects and other animals with compound ey(?s, the im- 
{lortance of the result obtained by the ingenuity and skill of Professor 
Exner is great, giving us a new start on solid ground. The mathe- 
matics of the question are fully discussed by Exner in a memoir, to 



Fig. 734. — Image of a wiiulow with the 
letter R on one of its panes, ami a church 
beyond, taken through tin* compound eye 
of Ijainpyria sph'nd id nl <( magnified 
120 diams. 
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which the student must be referred for complete information^ The 
kind of image formed by the compound eye has long been a matter 
of discussion amongst physiologists/^ 

The process of taking the photo-micrograph copied in fig. 734 
was this : The eye of the Lampjjris was carefully dissected out from 
the head, the retina and pigment i*emoved with a fine camel-hair 
pencil, and the back of the eye immersed in a mixture of glycerin 
and water, possessing a refractive index of 1 *346 ; this was already 
known to be the refractive index of the blood of the Lamjyyris, The 
whole was placed upon an ordinary cover-glass, this being fixed by 
its edges to a slide or object-carrier with a circular aperture cut in 
it, as in fig. 735, C ; (i is the slide with an aperture less in diameter 



Fici. 7135. — Diagranimatic illustration of the method by winch 
the image in fig. 734 was photo-micrographed. 


than the cover-glass h cut through it ; c is the fluid-medium of 
71 z= 1-54G ill which the back parts of the eye are immersed, thus 
fulfilling the conditions of living sight, while the cornea with its 
lenses is shown at d, being, as in the normal state, in air. If the eye 

^ Sitziingsher. Akad. Wissenscli. WieUy Bd. xcviii. (18b9), pp. 13, 143 ; also Din 
Phi/Siologie drr feu ettirteri Aiigen von Krehsen find Inficctcn (Leigzig und Wien, 
1891). 

^ A critical history of the discussion will be found in Chapter VII. of Sir J. 
Lubbock’s Sf^nscs of Ani nulls (London, 18881, and in Dr. D. Sharp’s Annual Address 
to the Entomological Society of London, 1888 (1889). See also Mr. A. Mallock in Proc. 
Hog. Soc. Land. vol. Iv. p. 85. The question of the physiology of the compound eye 
of Arthropods has given rise to much discussion. For further details as to its 
structure consult Grenacher’s great work, Untersnchiuigen uher das Sehorgan der 
Arthropoden &c. (Gllttingen, 1879) ; Carriere, Die Sehorgane der Thieve &c. (Munich 
and Leipzig, 1885) ; Hickson, ‘ The Eye and Ojitic Tract of Insects,’ Quart. Journ. 
Microsc. Sci. xxv. p. 215 ; Lankester and Bourne, ‘ The Minute Structure of the 
Lateral and Central Eyes of Scorpio and Limulus,’ Quart. Journ. Microsc. Sci. 
xxiii. p. 177 ; Lowne, ‘ On the Compound Vision and the Morphology of the Eye in 
Insects,’ Trans. Linn. Son. (2), ii. p. 389 ; Patten, ‘ Eyes of Molluscs and Arthropods,’ 
Mitth. Zboh Stat. Neajjcly vi. 
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be now examined with a microscope (the C of Zeiss was employed), 
the ‘lenses’ will be distinctly seen, but if the focus be readjusted 
to the focal plane of the image in the eye this image will be seen 
and magnified. This will be understood from 1) (fig. 735), wheie 

represent the image, the cornea with its ‘ lenses ’ e'-f being 
tlie image of the object thrown upon the 2 )osition from wdiicli the 
I’etina has been removed, and which is now made the focal plane of 
the objective employed. 

It w’as tills image (e'-^’') which was photogra})hed in the ordinary 
manner with a Zeiss photo-micrographic appiratus and the C object- 
glass. The manner in which this was done is seen diagrammatically 
at E (fig. 735), where i indicates the cornea of the eye exposed 
to air, k the image tliiown though the ‘ lenses ’ as a unified 
picture at the focal point of the microscope, and I is the sensitised 
plate on which the image was photogiaphed. This piece of admi- 
rable research and its clear residts have a value not only physio- 
logical but philosophical. 

Although the stiaicture already described may be considered as 
typicid of th(i eyes of insects, yet there are various depaitures from 
it (most of them slight) in the difterent members of the class. 
Thus in some cases the posterior surface of each ‘ corneuk^ ’ is 
concave ; and a space is left between it and the iris-like dia- 
phragm, which seems to be occupied by a wateiy fiuid or ‘ acpieous 
humour.' In other instances, again, this spa(;e is occupied by a 
double-convex body, which seems to repi*esent the ‘ crystalline 
lens,' and this body is sometimes found behind the iris, the num- 
ber of ocelli being reduced, and each one being larger, so that the 
cluster presents more resemblance to that of spiders, Ac. Besides 
their ‘compound' eyes, insects usually possess a small number of 
‘ simple ’ eyes (terme<l oceMi oi* stPinmata) seated u})on the top of the 
head (fig. 731, a, a, a). Each of these consists of a single very con- 
vex corneule, to the back of wdiich proceeds a, bundle of rods that 
are in connection with fibrils of the optic- nerve. Such ocelli are 
the only visual organs of the larva* of insects that undergo com])lete 
metamorphosis, the ‘ comj^ound ' eyes being only develo 2 )ed towards 
the end of the pupa stage. 

Various modes of picparing and mounting the eyes of insects 
may be adopted, according to tlie manner wherein they ai*e to be 
viewed. For the observation of their external faceted surfirce by 
reflected light it is better to lay down the entire head, so as to 
present a front face or a side face, according to the position of the 
eyes, the former giving a view of both eyes when tliey approach 
each other so as nearly or quite to meet (as in fig. 731), whilst the 
latter will best display ons when the eyes are situated more at the 
sides of the head. For the minuter examination of the ‘ corneules,’ 
however, these must be separated from the hemispheroidal mass 
whose exterior they form by prolonged maceration, and the pig- 
ment must be carefully washed away by means of a fine camel-hair 
brush from the inner or posterior surface. In flattening them out 
iqx)n the glass slide one of two things must necessiirily happen : 
either the maigin must tear when the central portion is pi’essed 
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down to a level, oi*, the margin remaining entire, tlie central por- 
tion must be thrown into plaits, so that its corneules overlap one 
anothei*. As the latter condition interferes with the examination 
of the structure much more than the foi*mer does, it should he 
avoided by making a number of slits in the margin of the convex 
membrane before it is flattened out. Vertical sections, adapted to 
demonstrate the structure of the welli and their relations to the 
optic nerve, can be oidy made when the insect is fresh or has been 
preserved in strong spirit. Mr. Lowne recommends that the head 
should be hardened in a 2 pei* cent, solution of chromic acid, and 
then imbedded in cacao butter ; the sections must be cut veinj thin, 
and should be mounted in Canada balsinn. The following are some 
of the insects whose eyes are l)est adapted for microscopic ])re- 
parations ; Cicindela, Dytiscus, Melolontlui (cockchafer), 

Lucanus (stag-beetle) ; Orthoj^tera^ Acheta (house and field crickets), 
Locusta, ; Henuptera^ Notonecta, (boat-fly); yeuro2)tera, Libellula 
(dragon-fly), Agrion : II jputnoptera, Vespida' (wasps) and Apida* 
(bees) of all kinds ; Lepkloptera^ Vanessji (various species of), Spliinx 
ligustri (privet hawk-moth), Bombyx (silkworm moth and its allies) ; 
J)ip>teTa^ Tabauus (gad-fly), Asilus, Eristalis (drone-fly), Tipula (crane- 
fly), Musca (hous(efly), and 
many others. 

The anteniHC^ which ar(‘ 
the two jointed appendages 
ai'ising from the upper part 
of the head of insects (fig. 

731, h />), present a most 
wonderful \ariety of confor- 
mation ill tlu‘ several tribes 
of insects, often differing 
considerably in the several 
species of one genus, and 
even in the two sexes of the 
same species. Hence the 
characters Avhich they afford 
are extremely useful in classi- 
fication, especially since their 
structure must almost neces- 
sarily be in some way related 
to the habits and general 
economy of the creatui*es to 
which they belong, although 
our imperfect acquaintance 
with their function may pre- 
vent us from clearly discerning this relation. Thus among the 
Coleoptera we find one large family, including the glow-worm, fire- 
fly, skip-jack^ I'cc., distinguished by the toothed or serrated form of 
the antenna*, and hence called Serricornia ; in anothei', of which the 
burying-beetle is the type, the anteimai are terminated by a club- 
shaped enlargement, so that these beetles are termed Clavicornia ; 
in anothei', again, of which the Hydrophilus, or large water-beetle. 



Fio. vac. — Antenna of McJolvntlni 
(cockdiater). 
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is an example, the antennte are never longer, and are commonly 
shorter, than one of the pairs of palpi, whence the name of Palpi- 
cornla is given to this gi-oup ; in the very large family that includes 
the Lmani^ or stag-beetles, with the ScarahwA^ of which the cockchafer 
is the commonest example, the antenme terminate in a set of leallike 
appendages, which ai*e sometimes arranged like a fan or the leaves 
of an open book (fig. 736), are sometimes paiallel to each other like 
the teeth of a comb, and sometimes fold ono over the other, thence 
giving the name Lmnellicornia ; whilst another laige family is 
distinguished by the appellation Longicornia^ ft’om the great length 
of the antennje, which are at least as long as the body, and often 
longer. Among the Lepidoptera, again, the conformation of the 
antennje frequently enables us at once to distinguish the gi’oup to 
which any specimen belongs. As every ti’eatise on entomology con- 
tains figui*es and descriptions of the principal types of conformation 
of these organs, there is no occiision hei-e to dwell upon them longer 
than to specify such as ai’e most interesting to the microscopist : 
Coleoptera^ Brachinus, Gala thus, Harpalus, Dytiscns, 8taphylinus, 
Philonthus, Elater, Lampyris, Silpha, Hydrophilus, Aphodius, 
Melolontha, Getonia, Gurculio, Necrophorus ; OrthojAern, Forficula 
(earwig), Blatta (cockroach) ; Lepidoptera^ Sphingida' (hawk-moths), 
and Noctuina (moths) of various kinds, the large ‘ plumed ’ antenna' 
of the latter being peculiarly beautiful objects undei- a low magni- 
fying power ; Dlptera^ Gulicida3 (gnats of various kinds), Tipulida' 
(crane-flies and midges), Tabanus, Eristalis, and Musciche (flies of 

various kinds). All the 
laiger antenna', when not 
mounted ‘ diy ’ as opaque 
objects, should l)e put up in 
balsam, after being soaked 
for some time in tur- 
pentine ; but the small 
featheiy a-ntenna of gnats 
and midges are so liable 
to distortion when thus 

mounted that it is better 

Fig. 737.— Minute structure of leaflike expan- to set them up in fluid, the 

.sions of antenna of l^cloXoiithd i A, their in- head W^lth its pair of an- 

ternal layer ; B, their superficial layer. preserved 

together when not too 
large. A cuiious set of organs is to be discovered in the 
antennae of many insects, which have been supposed to constitute 
collectively an apparatus foi* hearing. Each consists of a cavity 
hollowed out in the hoiaiy integument, sometimes nearly sphei ical, 
sometimes flask-shaped, and sometimes prolonged into numerous 
extensions formed by the folding of its lining membrane ; the mouth 
of the cavity seems to be normally closed in by a continuation of this 
membrane, though its presence cannot always be satisfactorily deter- 
mined ; whilst to its deepest part a nerve-fibre may be traced. The 
expanded lamellae of the antennae of Melolontha present a great dis- 
play of these cavities, which are indicated in fig. 787, A, by the 
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snmll circles that beset almost their entire area; their form, which 
is very peculiar, can here be only made out by vertical sections ; but 
in many of the smaller antennse, such as those of the bee, the 
cavities can be seen sidewise without any other ti'ouble than that 
of bleaching the specimen to render it more transparent.^ 

The next point in the organisation of insects to which the atten- 
tion of the microscopist may be directed is the structure of the 
mouth. Here, again, we find almost infinite varieties in the details 
of conformation ; but these may be for the most part i-educed to a 
small number of types or plans, which are characteristic of the dif- 
ferent orders of insects. It is among the Coleopte^m, or beetles, that 
we find the several parts of which the mouth is composed in their 
most distinct foim ; for, although some of these parts are much more 
highly developed in other insects, other parts may be so much altei'ed 
or so little developed as to be scarcely recognisable. The Coleoptera 
present tlie typical conformation of the mmulihulate mouth, which is 
adapted for the prehension and division of solid substances ; and this 
consists of the following parts : 1, a paii* of jaws, termed mandihles, 
frequently furnished with powerful teeth, o\)emi\g late^'ally on either 
side of the mouth, and serving as the chief instruments of mandiica- 
tion ; 2, a second pair of jaws, termed maxill(f\ smaller and weaker 
than the preceding, beneath which they are placed, and serving to 
hold the food, and to convey it to the back of tlie mouth ; 8, an 
upper lip, or lahrnm ; 4, a low'er lip or labium ; 5, one or two pairs 
of small jointed appendages, termed palpi^ attached to the maxilla*, 
and hence called u}axillarp palpi ; h, a pair of labial palpi. The 
labium 2 is often composed of several <listinct parts, its basal portion 
being distinguished as the meutam or chin, and its anterior portion 
))eing sometimes considerably prolonged forwards, so as to form an 
organ which is properly designated the lujula, but which is more 
commonly known as the ‘ tongue,' thougli not really entitled to that 
designation, the real toucpte being a soft and projecting organ which 
forms the floor of the mouth, and wdiich is ordy found as a distinct 
part in a comparatively small number of insects, as the cricket. This 
ligula is extremely developed in theXv kind, in which it forms the 
chief part of what is commonly called the ‘ proboscis ' (fig. 739) ; ^ 

I See the memoir of Dr. Hicks, ‘ On a new Structure in the Antenna^ of Insects,’ 
in Trans. Linn. Sor. xxii. j). 147; and his ‘Further Remarks’ at ]). 388 of the 
same volume. See also the memoir of M. Lespes, ‘ Sur I’Appareil auditif des Insectes,’ 
in A)nt. des Sci. Nat. s^r. iv. Zool. tom. ix. p. 268 ; and that of M. Claparede, ‘ Sur les 
])retendus Organes auditifs des CoMopteres lamellicornes et autres Insectes,’ in A7in. 
(les Sci. Nat. sdr. iv. Zool. tom. x. p. 236. Dr. Hicks lays great stress on the ‘ bleach- 
ing process ’ as essential to success in this investigation, and he gives the following 
directions for performing it : Take of chlorate of potass a drachm, and of water a 
drachm and a half ; mix these in a small wide bottle containing about an ounce ; wait 
live minutes and then add about a drachm and a half of strong hydrochloric acid. 
Chlorine is thus slowly developed, and the mixture will retain its bleaching power 
for some time. For an account of Herr F. Ruland’s observations see Jau'ini. 

Micr Soe. 1888, p. 728. 

^ The labium and the labial palps are, morphologically, a second pair of maxillaa 
which have undergone more or less fusion of the basal parts along the median line* 
The representation given in the figure is taken from one of the ordinary pre- 
parations of the fly’s proboscis, which is made by slitting it open, flattening it out, 
and mounting it in balsam. For representations of the true relative positions of 
the different parts of this wonderful organ, and for minute descriptions of them, the 
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and it also forms the ‘tongue’ of the hee and its allies (fig. 738). 
The ligula of the common fly presents a curious modification of the 
ordinary tracheal structure, the purpose of which is not apparent ; 
for instead of its trachea? being kept pervious, after the usual 
fashion, by the winding of a continuous spiral fibi’e thi*ough their 
interior, the fibre is broken into rings, and these rings do not sur- 
round the whole tube, but are terminated by a set of arches that pass 
from one to another (fig. 739, B).* In the Diptera^ or two-winged 
Hies generally, the labrum, maxilla?, mandibles, and the internal 
tongue (where it exists) are converted into delicate lancet-shaped 
organs tei'med setce^ which, when closed together, .aie received into 

a hollow on the iij)per side of the 
labium (fig. 739), but which are 
capable of being used to make 
punctures in the skin of animals or 
the epidermis of plants, whence 
the juices may be drawn forth by 
the proboscis. Frequently, liow- 
ever, two oi* more of these organs 
may be wanting, so that their 
number is i^educed from six to 
four, three, or two. In the 
lIij7ne)ioptera (bee and Avasp tribe) 
the labrum and the mandibles 
(fig. 738, h) much resemble those 
of mandibulate insects, and are 
used for corresponding purposes ; 
the maxilbe (c) are greatly (don- 
ga ted, and foi*m, when closed, a 
tubular sheath fo)* the or 

' tongue,’ through which the 
honey is di'awn up ; the labial 
palpi (iV) also are greatly de- 
veloped, and fold togethei*, like* 
the maxilhe, so as to form an 
inner sheath for the ‘ tongue ; ’ 
wliile the ‘ligula’ itself (e) is a 
long tapering muscular organ, marked by an immense number of 
shoi*t annular divisions, and densely covered over its own length 
wdth long hairs. It is not tubular, as some have stated, but is 
solid ; when actively employed in taking food it is extended to a 



Fi(i. 7^8. — Parts of the mouth of Aj/is 
niellipca (honey-bee): u, meutum ; 6, 
mandibles ; r, maxillte ; d, labial palpi ; 
e, ligula, or prolonged labium, com- 
monly termed the ‘ tongue.’ 


reader is referred to Mr. Suffolk’s memoir, ‘ On the Proboscis of the Blow-fly,’ in 
Monthly Microsc. Journ. i. p. 331, and to Mr. Lowne’s treatise on The Andtotny 
ami Physiology of the Plow-fly. 

1 According to Dr. Anthony {Monthly Microscopical Journ. vol. xi. p. 242), these 
‘ pseudo-tracheui ’ are suctorial organs, which can take in licjuid alike at their ex- 
tremities and through the whole length of the fissure caused by the interruxition of 
the rings, the edges of this fissure being formed by the alternating series of ‘ ear-like 
appendages ’ connected with the terminal ‘ arches,’ the closing together of which 
converts the pseudo-tracheae into a complete tube. Dr. Anthony considers each of 
these ear-like appendages to be a minute sucker, ‘ ^ther for the adhesion of the fleshy 
tongue, or for the imbibition of fluids, or perhaps for both purposes.’ The point is 
well worthy of further investigation. 




MOl TH-PAirrs OF INSECTS 




HHHHHGS Au; ' -jp 


1 


isnv 

'Avfv A' 






992 


INSECTS AND AKACHNIDA 


great distance beyond tlie other parts of the mouth ; but when at 
l est it is closely packed up and concealed between the maxillae ‘ The 
manner/ says Mr. Newport, ‘ in which the honey is obtained when 
the organ is plunged into it at the bottom of a flower is by ‘‘ lapping/’ 
or a constant succession of short .and quick extensions and contrac- 
tions of the organ, which occasion the fluid to accumulate upon it 
and to ascend along its upper surface, until it reaches the orifice of 
the tube formed by the approximation of the maxilla? abo\ e, and of 
the labial palpi and this part of the ligula below.’ 

By the plan of conformation just described we are led to that 
which prevails among the Lejndoptera, or butterfly tribe, which, 
being pre-eminently adapted for suction, is termed tlie hmistellate 
mouth. In these insects the labium and mandiVdes aie leduced to 
three minute ti’iangular plates ; whilst the maxillfe ai*e immensely 
elongated, and aie united togethei* along the median line to form 

the haiistellmn^ oi* 
true ‘ proboscis,’ 
which contains a 
tube formed by the 
junction of the two 
grooves that are 
channelled out 
along their mutu- 
ally applied sur- 
faces, and which 
seiaes to pump 
up the juices of 
deep cup-shaped 
flowei's, into which 
the size of their 
wings prevents 
Fio. 740.— Haustelluni (proboscis) of Vanessa. these insects from 

entering. The 

length of thishaustellum varies greatly : thus in such Lepidoptena as 
take no food in their perfect state it is a very insignificant organ ; in 
some of the white hawk-moths, which hover over blossoms without 
alighting, it is nearly two inches in length, and in most butterflies and 
moths it is .about as long as the body itself; in Amphoiiyx, one of the 
Sphingidoe, it is moi*e than nine inches long, or about thi'ee times the 
length of the body. This haiistellum, which, when not in use, is 
coiled up in a spiral beneath the mouth, is an extremely beautiful 
microscopic object, owing to the peculiar banded arrangement it ex- 
hibits (fig. 740), which is prob.ably due to the disposition of its muscles. 
In many instances tlie two halves may be seen to be locked together 
by a set of hooked teeth, which are inserted into little depressions 
between the teeth of the opposite side. E.ach half, moreover, may 
be ascertained to contain a trachea or air-tube, and it is probable, 
from the observations of Mr. Newport, that the sucking up of the 
juices of a flower through the proboscis (which is accomplished with 
gre.at rapidity) is eflfected by the agency of the respiratory apparatus. 
The proboscis of mfiny butterflies is furnished, for some distance fi’om 
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its extremity, with a double row of small projecting barrel -shaped 
bodies (shown in fig. 740), which are surmised by Mr. Newport 
(whose opinion is confirmed by the kindred inquiries of 1 )r, Hicks) 
to be organs of taste. Numerous other modifications of the structui e 
of the mouth, existing in the ditterent tril)es of insects, are well 
worthy of the careful study of the microscopist ; but as detailed 
descriptions of most of these will be found in every systematic trea- 
tise on entomology, the foregoing general account of the principal 
types must sufiice. 

Parts of the Body. — The conformation of the several tli visions of 
the alimentavij canal presents such a imdtitude of divei-sities, not 
oidy in different tribes of insects, but in different states of tlie same 
individual, that it would be utterly vain to attempt here to give 
even a general idea of it, more especially as it is a subjec.t of far 
less interest to the ordinary microscopist than to the professed 
anatomist. Hence we shall only stop to mention that the •muscular 
gizzard,’ in which the cesophagus very commonly terminat(‘s, is often 
lined by several rows of sti*ong hoi-ny teeth foi* the reduction of the 
food, which furnish very l)eautiful objects, espe(*ially for the bino- 
cular. ThCvSe are particularly developed among the gi*asshoppers, 
crickets, and locusts, the nature of w]ios(‘ food (sau.ses them to require 
powerful instruments for its reduction.^ 

The circnlatiou of hlood may be distinctly vatclied in many of 
the more transparent larv5e, and may sometimes be observed in the 
perfect insect. It is kept up by a ‘ dorsal vessel ’ (so named from 
the position it always occupies along tlie middle of the back in the 
thoracic and abdominal regions), wliich really consists of a succession 
of muscular contractile cavities, one for each s(‘gment, opening one 
into another from behind forwards, so ast,o form a continuous trunk 
divided by valvular })artitions. In many larvie, however, these 
partitions are very indistinct ; and tlu‘ walls of the ‘ doi'Sjd vessel ' 
are so thin and transparent that it can witli difiicidty be made out, 
a limitation of the light by the diaphragm being often necessary. 
'The blood which moves through this trunk, and which is distributed 
by it to the body, is a transpai*ent and neai*ly colourless fluid, cariy- 
ing with it a number of ‘oat-shaped’ cor]>uscles, by the motion of 
which its flow can be followed.^ Tlie cui rent enters the ‘ dorsal 
vessel ’ at its posterior extremity, and is propelled forwards by the 
contractions of the successive chambei-s, being prevented from moving 
in the opposite direction by the valves between the chambers, which 
only open forwards. Arrived at the anterior extremity of the 
‘ dorsal vessel,’ tlie blood is distributed in three principal channels : 
a central one, namely, passing to the heail, and a lateral one to either 
side, descending so as to approach the lower surface of the body. 
It is from the two lateral currents that the secondary streams 
diverge, which pass into the legs and wings, and then return back 
to the main stream ; and it is from these also that in the larva 

^ The Ktudent who desires to carry further the stiu^y of tlie digestive apparatus 
should consult Professor Plateau’s memoir, ‘ Recherehes sur h;s Phenomenes de 
la Digestion chez les Insectes,’ Mem. Acad. Hot/, dc Bclyique^ xli. 

^ On the blood-tissue of insects consult Mr. W. M. Wheeler in vol. vi. of the 
American journal Fsyclie. 

:i S 
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of the Kphmmra manjinata (day-fly), the extreme transparence of 
which renders it one of the best of all subjects for tlie observation 
of insect circulation, the smaller currents diverge into the gill-likt‘, 
appendages with which the body is furnished. The blood -currents 
seem rather to pass through channels excavated among the tissues 
than througli vessels with distinct walls. In many aquatic larvje, 
especially those of the Culicldu' (gnat tribe), the body is almost 
entirely occupied by the viscei*al cavity ; and the blood may be seen 
to move backwards in the space that suri-ounds the alimentary 
canal, which here serves the purpose of the channels usually exai- 
vated through the solid tissues, and which freely communicates at 
each end witli the dorsal vessel. This condition strongly resembles 
that found in many Annulata.^ 

The circulation may be easily seen in the wings of many insects 
in their papa state, especially in those of the Neuroptera (such as 
dragon-flies and day-flies), whicli pa.ss tliis part of their lives under 
water in a condition of activity, the pupa of X(jrion paella, oik? ol’ 
the smaller dragon-flies, being a particularly favourable subject for 
such obseiwations. Each of the * nei'vures ’ of the wings contains a 
‘ trachea * or air-tube, which branches off from the tracheal system 
of the body ; aiid it is in a space around the trachea that the blood 
maybe seen to move when the hard framework of the nervure itself 
is not too opaque. The same may l)e seen, howevei*, in tlie wings of 
pupje of bees, butterflies, Ac., which remain shut up nutionless in 
their cases ; for tins condition of ap2>arent toi'por is one of great 
activity f»f their nutritive system, those organs, especially, whicli 
are peculiai- to the perfect insect being then in a state of rapid 
gi’owth, and having a vigorous circulation of blood through them. 
In certain insects of nearly eveiy order a movement of fluid may 
be seen in the wings for some little time after their last meta- 
morphosis; but this movement soon ceases and the wings dry up. 
The common fly is as good ;i subject for this observation as can 
be easily found ; it must be caught witliin a few hours or days of its 
fii'st appearance ; and the circulation may be most conveniently 
brought into ^'ie^^' by inclosing it (without water) in the aquatic 
lx)x, and lu essing down the cover sufliciently to keep the body at rest 
without doing it any injury. 

The respirator]] apparatus of insects aftbrds a veiy interest- 
ing series of mici-oscopic objects ; foi*, with great uniformity in its 
general })lan, there is almost inflnite variety in its details. The 
aeration of the blood in this class is provided for, not by the trans- 
mission of the fluid to any special organ representing the Inny of a 
vertebrated animal or the gill of a mollusc, but by the introduction 
of air into every part of the bo<ly, through a system of minutely 
ilistributed traclieat, or air-tubes, which penetrate even the smallest 
and most delicate organs. Tlius, as we liave seen, they pass into 
t\\Q Juinstellani, or ‘ proboscis; of the butterfly, and they are minutely 

^ See the iiienioirH on Corethra jdumicomis, by ProfeBBor Ryiiier Jones, in Tvaitfi. 
Microsc. Soc. u.h. vol. xv. 1SC7, p. ; by FrofessorE. Ray LankeHter, in the Popular 
for October 1865 ; and by Dr. A. Weismann, in Zeif.schr, f. tviss. Zool. 
Bd. xvi. p. 45. On the circuJatory system of iiiBeets cousult Gmber, ‘ Ueber den pro- 
pulBatovischen Appanxt der Insecteii,’ Arch, far laikr. Anat, ix. p. 12VI, 
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distributed in the elongated lahitmi or ‘ tongue ’ of the fly (fig. 789). 
Their general distribution is shown in fig. 741, where we see tw(> 
long trunks (/) passing from one end of the body to the other, and 
connected with ea(*li other ]>y a transvei'se canal in every segment j 
these trunks communicate, on the one hand, by short wide passjiges 
with the ‘stigmata,’ ‘spiracles,’ or ‘ l)reathing pores’ (^), throimh 
which the air entei's and is discharged ; whilst they give ofl* brandies 
to the different segments. 


which divide again and 
again into ramifications of 
extreme minuteness. They 
usually communicate also 
with a pair of air-sacs (A) 
which is situated in the 
thoi'ax ; but the size of 
these (which are only found 
in the perfect insect, no 
trace of them existing in 
the larva*) vai*ies greatly 
in different tribes, being 
usually greatest in thos(‘ 
insects which (like the bee*) 
can sustain the longest and 
most powerful flight, and 
least in such as habitually 
live upon tlie ground or 
upon the surface of the* 
water. The structui(‘ of 
the air-tubes reminds us 
of that of th(* ‘spiral 
vessels ’ of plants, which 
seimied destined (in [)a,rt 
at least) to perfoian a 
similar office ; for within 
the membrane that forms 
their outer wall an elastic 
fibre winds i-ound and 



round, so as to form a 
spiral closely I’estnibling 
in its position ainl func 
tions the spii*al wire spring 
of flexible gas pipes : with- 
in this, again, however. 


Pk.. 741. — Traclit'al syHlem of (watoi- 

sfoi'i'ionj head ; first pair of legs ; r, fiist 
sej^inent of thorax ; r/, second pair of wings; c, 
second pair of legs ; f, tracheal trunk ; <7, one 
of the stigmata; //, air-sac. 


there is another membranous wall to the air-tubes, so that the spire 


winds between theii' inner and outer coats. When a portion of om^ 


of the great trunks with some of the ])rincipal branches of the 
tiacheal system has been dissected out, and so pressed in mounting 
that the sides of the tubes are flattened against e^icli other (as has 


happened in the specimen represented in fig. 742), the spire forms 
two layers which arc* brought into close apposition, and a very 
beautiful appearaiici*, resembling that of watered silk, is produced 


3 s 2 



996 


INSECTS AND ARACIINIDA 


by the crossing of the two sets of fibres, of which one overlies the 
other. That this appearance, however, is altogethei* an optiail illu- 
sion may be easily demonstrated by carefully following the coui’se 
of any one of the fibres, which will be found to be perfectly regular. 

The ‘stigmatii’ or ‘ spiracles^ through which the air enters the 
tracheal system are generally visible on the extei'ior of the 

body of the insect (espe- 
cially on the abdomi- 
nal segments) as a series 
of pores along each 
margin of the under sur- 
face. In most larvae, 
nearly every segment is 
provided with a pair, but 
in the perfect insect 
several of them remain 
closed, especially in the 
thoracic region, so that 
their number is often con- 
siderably reduced. The 
structure of the spiracles 
varies greatly in regard to 
coii)])l(\\ity in difierent in- 
set^ts ; and even where the 
Fig. 742. —Portion of a large trachea of general plan is the same 

with some of its principal branches. the details of conforma- 

tion are peculiar, so that 
perhaps in scarcely any two species ai i' i lay alike. (Generally speak- 
ing, they are furnished with some kind of sii^ve at their entrance by 
which particles of dust, soot, <fec., which would otherwise enter the 
air-passages, are filtered out ; and this sieve may be formed by 

the interlacement of the 
})r;inches of minute arbo- 
r*escent growths from the 
border of the sj)iracle, as 
in tlie corniiion fly (fig, 
74d), or in the JJytisciis ; 
or it may be a membrane 
ptuforated with minute 
holes, and supported upon 
a framewoi*k of bars that 
is prolonged in like manner 
from the thickened margin 
of the aperture (fig. 744), 
as in the larvie of* the 
Melolontha (cockchafer). Not unfrequentlv the centre of tin* aper- 
ture is occupied by an impervious disc, from which radii proceed 
to its margin, as is well seen in the sj)irael(‘ of Tljmla (crane- 
fly).^ In those aquatic larva? which brealln' aii- we often find one 

' Tonsult Landoift aad Thiele, ‘ Der TracheenverHchluas liei den Insecten,’ Zait- 
schrij't /. wiss. ZooL xvii. p. 187. 





EESPIRATOKY APPARATUS 


997 


of the spiracles of the last segment of the abdomen prolonged into a 
tube, the mouth of whicdi remains at the surface while the body is 
immersed ; the larvie of the gnat tribe may frequently be observed 
in this position. 

There are many aquatic larvie, however, which have an entirely 
different provision for respiration, being furnished with external leaf- 
like or brush-like appendages into which the traehefe are prolonged, so 
that by absorbing air from the water that bathes them they may con- 
vey this into the interior of the body. We cannot have a better example 
of this than is afforded by the larva of the common Ephemera (day- 
fy), the body of which is furnished with a set of branchial apix-iidagcs 
resembling the ‘ fin-feet ’ of branchiopods, whilst the three-pronged 
tail also is fringed with clusters of delicate liairs which appear to 
minister to the same function. In the larva of the Lihellula 
(dragon-fiy) the extension of the surface for aquatic respiration 
takes place within the termination of the intestine, the lining 
membrane of which is folded into an immense number of plaits, 
each containing a minutely ramified system of tracheae ; the water 
slowly drawn in througli the anus 
for bathing this surface is ejected 
with such violence that the body 
is impelled in the opposite direc- 
tion ; and the air taken up by its 
tracheae is c^arried through the 
system of air-tubes of which they 
form part into the remotest organs. 

This apparatus is a peculiarly in- 
teresting object for the microscope 
on account of the extraordinarily 
rich distribution of the tiacheae in 
the intestinal folds. Fig. 744. — Spiracle of larva of 

The main trunks of the tracheal cockchafer. 

system, with their principal ramifi- 
cations, may geneially be got out with little difficulty by laying 
open the body of an insect or larva under water in a dissecting 
trough, and removing the whole visceral mass, taking care to leave 
as many as possible of the branches, which will be seen pro- 
ceeding to this from the two great longitudinal tracheae, to whose 
position these branches will serve as a guide. Mr. Quekett recom- 
mended the following as the most simple method of obtaining a 
perfect system of tracheal tubes from a larva. A small opening 
having been made in its body, this is to be placed in strong acetic 
acid, which will soften or decompose all the viscera ; and the tracheae 
may then be well washed with the syidnge, and removed from the 
body with the greatest facility, by cutting away the connections of 
the main tubes with the spiracles by means of fine-pointed scissors. 
In order to mount them they should be floated upon the slide, on 
which they should then be laid out in the position best adapted for 
displaying them. If they are to be mounted in Canada balsam they 
should be allowed to dry u])on the slide, and should then be treated 
in the usual way ; but tlieii* natural appearance is best preserved 
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by mounting them in Iluid (weak spirit or (Joadby’s solution), using 
a shallow cell to prevent pressure. The tinei* rjimifiaitions of the 
tracheal system may generally be seen particularly well in the mem- 
branous wall of the stomach oi* intestine ; and this, having been laid out 
and dried upon the glass, may be mounted in balsam so as to keep the 
tracheae full of air (whereby they ai'e mu(*h bettei* displayed), if cai e 
be taken to use balsam that has been previously thickened, to drop 
this on the object without li(piefying it more than is absolutely 
necessary, and to heat the slide and tlie covei- (the heat may be 
advantageously applied dii-ectly to the cover after it has been put 
on by turning over the slide so that its up[)er face shall look down- 
ward) only to such a degree as to allow the balsam to spread and 
the cover to be presscul down. The spi]*acles are easily dissected out 
by means of a pointed knife or a })air of fine scissors ; they should 
be mounted in glycerin jelly when their textuie is soft, and in 
balsam when the integument is hard and hoiiiy. 

Wings. — These organs are essiaitially composed of an extension 
of the external membi*anous layer of the integument over a frame- 
work foimed by prolongations of the innei* hoiaiy layer, within 
which prolongations trachea* are nearly always to be .found, whilst 
they also include channels through which blood cii*culates during 
the growth of the wing and for a. short time aftei* its completion. 
This is the simple structure pi-esented to us in the wings of yeurn- 
ptera (dragon-flies, Arc.), Ilymenoptera (bees and wasps), Dvptera 
(two- winged flies), and also of many llomopUrn and Aphides) ; 

and the principal interest of these wings as mici'oscopic objects lies 
in the distribution of their ‘ veins ' or ‘ nervines’ (for by both names 
are the ramifications of their skeleton known) and in certain points 
of accessory structui-e. The venation of the wings is most beautiful 
in the smaller Neuro])tera, since it is the distinguishing feature of 
this order that the veins, after subdividing, i*eunite again, so as to 
form a close network ; whilst in the Hymenojitera and Diptera such 
reunions are rare, especially towai-ds the maigins of the wings, and 
the areoloB are much larger. Although the membrane of which 
these wings are composed appeal’s perfectly homogeneous when 
viewed by transmitted light, even with a- high magnifying powei’, 
yet when viewed by light i*eflected obli<]uely from their surfaces 
an appearance of cellular areolation is often discernible ; this is well 
seen in the common fly, in which each of these areohe Iris a hair in 
its centi*e. In order to make this observation, as well as to bring 
out the very beautiful iridescent hues which the wings of many 
minute insects (as the Aphides) exhibit when thus viewed, it is con- 
venient to hold the wing in the stage-forceps for the sake of giving 
it every variety of inclination ; and when that position has been 
found which best displays its most interesting features, it should be 
set up as nearly as possible in the same. For this purpose it should 
be mounted on an opaque slide, but instead of being laid down 
upon its surface the wing should be raised a little above it, its 
‘ stalk ’ being held in the propei' position by a little cone of soft wax, 
in the apex of which it may be imbedded. The wings of most 
llymenoptera are remarkable for the peculiar apparatus by which 
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those of the same side are connected togethei*, so as to constitute in 
flight but one large wing ; tliis consists of a row of curved booklets 
on the anterior margin of the posterior wing, whit^h lay hold of the 
thickened and doid^led down posterior edge of the anterior wing. 
These booklets are sufficiently apparent in the wings of the common 
bee, when exiamined with even a low magnifying power ; but they 
are seen better in the wasp, and better still in the hornet. The 
peculiar scaly covering of the wings of the Lepidoptera lias already 
been noticed ; but it may here be added that the entire wings of 
many of the smaller and commoner insects of this oi*der, such as the 
ThipM(P or ‘ clothes-moths,’ form veiy beautiful ojiaipie objects fol- 
low jiowers, the most beautiful of all being the divided wings of 
the Fissipennia or ‘plumed moths,’ especially those of the genus 
Pieyrophortts} 

There are many insects, however, in which the wings are more or 
less consolidated by the interposition of a layer of horny substance 
between the tvv’o layers of membrane. This plan of structure is 
most fully carried out in the Colooptora (beetles), whose anterior 
wings are metamorphosed into elj/trd or ‘ wing-cases ; ’ and it is 
upon these that the brilliant hues by which the integument of many 
of these insects is distinguished are most strikingly displayed. In 
the anterior wings of the ForfwididiP, or earwig tribe, the cellular 
structure may often be readily distinguished when they ai-e viewed 
by transmitted light, especially after having been mounted in Canada 
balstim. The anterior wings of the Ortliopteni (grasshopj)ers, 
crickets, e'er.), although not by any means so solidified as those of 
Coleoptera, contain a. good deal of horny matter; they are usually 
i-eiidered sufficaeiitly transpai-ent, howevm-, by Canada balsam to be 
viewed with transmitted light ; and many of them ai-e so cnloured 
as to be vei*y showy objects (as are also the posterior fan-like wings) 
for the electric or gas microscope, although tludr large size and the 
absence of any minute structure prevent them fi'om affording much 
interest to the ordinary microscopist. We must not omit to men- 
tion, h(nvever, the curious sound-producing apparatus which is 
possessed by most insects of this order, and esp(‘cially by the common 
house-cricket. This consists of the ‘ tympanum,’ or drum, which is 
a space on each of the upper wings, scai-cely crossed by \'eins, but, 
bounded externally by a large dark vein provided with three or foui- 
longitudinal ridges ; a,nd of the ‘ file ’ or ‘ bow,’ which is a transverse 
horny ridge in front of the tympanum, furnished with numerous 
teeth ; and it is believed that the sound is produced by the rubbing 
of the two bows across each other, while its intensity is increased 
by the sound-board action of the tympanum. The wings of the 
Fulgoridm (lantern- flies) have much the same texture as those of the 
Orthoptera, and possess about the same value as microscopic objects, 
differing considerably fi-om the purely membranous wings of the 
Cicadev and Aphides, which are associated with them in the order 
llomoptera. In the order llemiptera, to which belong vai-ious kinds 

^ Compare the recently published memoir by M. Baer, ‘ Ueber Bau und Farbeii 
der Fliigelschuppen bei Tagfaltern,’ in Zeitschr. f. wtss. ZdoL Ixv. (18V)8), pp. 60 -- 6 r), 
as also M. von Linden on the development of the markings, pp. 1-50 of the same volume. 
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of land and water insects that have a suctorial mouth resembling 
that of the common bug, the wings of the antei’ior pair are usually 
of parchmenty consistence, though membranous neai- their tips, and 
are often so richly coloured a-s to become very beautiful objects 
when mounted in balsam and viewed by transmitted light ; this is 
the case especially with the terrestrial vegetable-feeding kinds, such 
as the Pentatoma and its allies, some of the tropical forms of which 
rival the most brilliant of the beetles. The British species are by 
no means so interesting, and the acpiatic kinds, which, next to the 
bed-bugs, are the most common, alw.ays have a dull brown or almost 
black hue ; even among these last, however,- of which the Notonecta 
(water-boatman) and the Nepa (vrater-scorpion) are well-known 
examples, the wings are beautifully variegated by differences in the 
depth of that hue. The halteres of the Diptera, whkii are the re- 
presentatives of the posterior wings, have been shown by Dr. J. B. 
Hicks to present a very curious structure, whicii is found also in 
the elytra of Coleoptera. and in many other situations, consisting in 
a multitude of vesicular projections of tlie superficial membrane, to 
each of which there pi’oceeds a nervous filament, that comes to it 
thi’ough an aperture in the tegumentary wall on which it is seated. 
Various considerations are stated by Dr. Hicks which lead him to 
the belief that this apparatus, wJien developed in the neighbourhood 
of the spii*acles or breathing pores, essentially ministers to the sense 
of smelly whilst, when developed upon the palpi and other oi’gans in 
the neighbourhood of the mouth, it ministers to the sense of taste} 
Feet. — Althougli the feet of insects ai‘e foianed [)retty much on 
one general plan, yet that plan is subject to considerable modifica- 
tions in accordance with the habits of life of different species. The 
entire limb usually consists of five divisions, namely, the coxa or hip, 
the trochanter^ the fem ur or thigh, the tibia or shaidc, and the tarsus 
or foot ; and this last part is made up of several successive joints. 
The typicfd number of these joints seems to ])e fire} but that 
number is subject to reduction ; and the vast order (Joleoptera is 
subdivided into primary groups, according as the tarsus consists of 
five,foiu\ or three segments. The last joint of the tarsus is usually 
furnished with a pair of strong hooks or claws (figs. 745, 746) ; and 
these are often serrated (that is, furnished with saw-like teeth), 
especially near the base. The undei* surface of the other joints is 
frequently beset with tufts of hairs, which are ari anged in various 
modes, sometimes forming a complete ‘ sole ; ’ this is especially the 
ctise in the family Gurculimvidcc ; a. pair of the feet of the ‘ diamond 
beetle ’ mounted so that one shows the upper surface made resplendent 
by its jewel-like scales, and the other the hairy cushion beneath, is 
a very interesting object. In many insects, especially of the fly 
kind, the foot is furnished with a pair of membranous expansions 

' See his memoir, ‘On a new Organ in Insects,’ in Journ. hinn. Snc. vol. i. 1856, 
p. 136 ; his ‘ Further Remarks on the Organs found on the Bases of the Halteres 
and Wings of Insects,’ in Trans. Linn. Soc. xxii. p. Ill; and his memoir, ‘On 
certain Sensory Organs in Insects hitherto undescribed,’ in Trans. Linn. Soc. 
xxiii. p. 189. Compare also the interesting memoir of Weinland, in Zeitschr. f. 
wiss. Zool. li. (1890\ pp. 86-160, 5 pis. 

^ See, however. Professor Huxley {Anat. of Invertebrate Animals^ p. 348), who, 
regarding the ‘imlvillus’ of the cockroacli as a joint, finds the number to be six. 
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termed }mlvilli (fig. 745) ; and these are beset with numerous hairs, 
each of which has a minute disc at its extremity. This structure is 
evidently connected with the power which these insects possess of 
walking over smooth surfaces in opposition to the force of gravity ; 
yet there is still considerable uncertainty as to the precise mode in 
which it ministers to this faculty. 8ome believe tbit the discs act 
as suckers, the insect being held up by the pressure of the air against 
their upper surface when a vacuum is formed beneath ; whilst others 
maintain that the adhesion is the result of the seci*etion of a viscid 
liquid from the under side of the foot. Tlie careful observations of 
Mr. Hepworth have led him to a conclusion which seems in harmony 
with all the facts of tlie case — namely, that each hair is a tube con- 
veying a liquid from a glandular sacculus situated in the tarsus, 
and that wlien the disc is applied to a surface the pouiang forth of 
this liquid serves to make its adhesion perfect. That this adhesion 
is not produced by atmospherii^ pi‘essure alone is j^roved by the 
fact that th(^ feet of flies continue to hold on to the interior of an 
exhausted l eceiver ; whilst, 
on the other hand, that the 
feet pour foi-th a secretin 1 
fluid is evidenced by the 
marks left by their attach- 
ment on a clean surface of 
glass. Although, when all 
the hairs have the strain 
put upon them equally, the 
adhesion of their discs suf- 
fices to support the inse(‘t, 
yet each row may be de- 
tached separately by the 
gi’adual raising of the tarsus 
and pul villi, as when we 
I’emove a piece of adhesive 
plaster by lifting it from 
the edge or corner. Flies are 
often found adherent to window-jianes in the autumn, their i*educed 
strength not being sulficient to enable them to detach their tarsi. ^ 
A similar apparatus on a fai* larger scale pi*eseiits itself on the foot 
of the Dytiscus (fig. 74fi, A). The first joints of the tarsus of this 
insect ai e widely expanded, so as to form a nearl}’’ circular plate, 
and this is provided with a very remarkable apparatus of suckers, 
of which one disc {a) is extremely large, and is fui nished with strong 
ludiating fibres ; a second {h) is a smaller one formed on the sfime 
jdan (a third, of the like kind, being often pi esent) ; whilst the 
greater numbei* are comparatively small tubular club-shaped bodies, 
each having a very delicate membranous sucker at its extremity, as 
shown on a larger scale at B. These all have essentially the same 

1 See Mr. Hepworth’s communications to the Quart. Journ. Microsc. Sci. vol. ii. 
1864, p. 158, and vol. iii. 1865, p. 312. See also Mr. Tuffen West’s memoir ‘ On the 
Foot of the Ply,’ in Trans. Linn. Soc. xxii. p. 393; Mr. Lowne’s Anatomy of 
tlie Blow-fly ; H. Dewitz in Zoologischer Anzeiger^ vi. p. 273 ; and O. Simmer- 
macher in Zeitschr. f. wiss. Zool. xl. i>. 481. 



Fig. 745 —Foot of fly. 
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structm-e, the large suckers being fiuiiished, like the hairs of the 
fly’s foot, with secreting sacculi, which pour forth fluid through the 
tubular footstalks that (^ariy the discs, whose adhesion is thus 
secui*ed ; whilst the small suckei s form the connecting link between 
tlie larger suckers and the hairs of many beetles, especially (Jurcu- 
Uonidcv} The leg and foot of the Dijtisciis^ if mounted without 
compression, furnish a peculiarly beautiful object for the binocular 
microscope. The feet of caterpillai*s difler considerably from those 
of perfect insects. Those of the first three segments, which ai*e 
afterwai’ds to be i*eplaced by tiaie legs, are furnished with strong 
horny claws; but each of those of the othei* segments, which are 
termed ‘ })i*o-legs,’ is composed of a circular series of (jomparatively 
slender curved booklets, by which the caterpillar is enabled to cling 
to the minute roughness of the surface of the leav(\s, Ac., on which 
it feeds. This structui'e is well secai in the })ro-legs of the common 
silkworm. 

Stings and Ovipositors. — The insects of the order Hymenoptera 
are all distinguished by the prolongation of the antepenultimate and 



Fi(i. 740. — A, foot of Di/h.s( usy showing its app«iratus of suckers . ((, h, large 
suckers ; c, ordinary suckers. B, one of the ordinary suckers more highly 
magnified. 

penultimate segments of the abdomen (the eighth and ninth ab- 
dominal segments of the larva) into a peculiar organ, which in onc^ 
division of the oi*der is a ‘ sting,’ and in the othei* is an ‘ ovipositor ’ 
oi* instrument for the deposition of the eggs, which is usually also 
provided with the means of boring a hole foi* their reception. TIk^ 
former group consists of the bees, wasps, ants, Ac. ; the latter of the 
saw-flies, gall-flies, ichneumon-flies, Ac. These two sets of instru- 
ments are not so unlike in sti-ucture as they are in function.'*^ The 

* See Mr. Lowne, ‘ On the so-called Suckers of Dytisciis and the Pulvilli of Insects,’ 
in Monthly Microsc. Joum. v. p. 267. 

See Kraepelin, ‘ Untersuchungen fiber den Bau, Mechani sinus und Entwicke- 
liingsgeschichte der bienenartigen Thiere/ in Zeitschr. f. Wiss. Zool. xxiii. p. 289; 
Dewitz, ‘ Ueber Bau und Entwickelung des Stachels und der Ijegescheide,’ cit. 
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* sting ’ is nsually formed of a pair of darts, beset with bai*bed teetli 
at their points, and furnished at tlieir roots with powerfid muscles, 
whereby they can be caused to project from their slieath, which is a, 
horny case formed by the prolongation of tlie integument of the last 
st'gment, slit into two halves, which se})arate to allow the protrusion 
of the sting ; whilst the peculiai* ‘ venom ’ of the sting is due to the 
ejection, by the. same muscular action, of a poisonous liquid, from a, 
l)ag situated near the root of the sting, which passes down a canal 
excavated between the darts, so as to ))e inserted into tlie puncture 
which they make. The stings of the common bee, \\as[), and hornet 
may all be made to display this structure without mucli difhculty in 
the dissection. The ‘ovipositor’ of such insects as deposit theii* 
eggs in holes ready-made, or in soft animal or vegetable substances 
(as is the case with the Ichneitinonidw^^ is simply a long tube, which 
is inclosed, like the sting, in a (“left sheath. In the gall-flie^ 
((Ufiivpid(d) the extremity of the ovipositor lias a toothed edge, so 
as to act as a kind of saw whereby harder substances may be })ene- 
trated ; and thus an a[)erture is mad(‘ in the leaf, stalk, or bud of 
t he plant oi* tree infested by the ijarticidar species, in which the egg 
is deposited, together with a drop of fluid that has a peculiarly 
ii*ritating effect upon the vegetable tissues, occasioning the production 
of the ‘ galls,’ which are n(‘w grinvths that serve not ordy to protect tlu' 
larvay but also to afford them nutriment. The oak is infested by 
several specaes of these insects, which deposit their eggs in different 
jiai’ts of its fabric; and some of the small ‘galls’ which are often 
found upon the surface of oak-leav('s are extriunely beautiful objects 
for the lower powers of the microscope. Tn the Tentliredhudev ^ or 
‘ saw’-flit‘s,’ and in their allies, tlu^ tlu‘ ox ipositoi* is furnished 

with a still more powerful ap])aratus for penetration, by means of 
which some of these insects can bore into haril timber, d’his consists 
of a pair of ‘saws’ which are not unlike the ‘stings* of bees, Ac., 
but are broader and tootheil for a, greater length, and are made to 
slide along a firm piece that supports each blade, like the ‘back ’ of 
a carpenter’s ‘ tenon -saw ; ’ they are workial alternately (one being 
2>i*otruded while the other is drawn back) with great rapidity ; but, 
when not in use they lie in a fissure Ixmeath a sort of arch formed 
by the terminal segment of the body. When a, slit has been mad(‘ 
by the working of the saws they are withdrawn into this sheath ; 
the ovipositor is then protruded from the end of the abdomen (the 
body of the insect being curved downwards), and, being guided into 
the slit by a pair of small haiiy feelers, there deposits an egg.' 
Many other insects, especially of the order Dipiera, have very pro- 
longed ovipositors, by means of which they can insert theii* eggs 
into the integuments of animals or into other situations in which 
the larvje will obtain appropriate nutriment. A remarkable example 

x.KV. p. 174 ; and ‘ Ueber Bau und Entwickelun^ des Stachels der Aineisen,’ op. cif. 
xxviii. p. 527. 

1 The above is the account of the process given by Mr. J. W. Gooch, who has 
infornied tlie Author that he has repeatedly verified the statenient formerly made by 
him {Sctohco Gossip, Peb. 1, 1878', that the eggs are deposited, not, as originally 
stated by Reaumur, by means of a tube formed by the coaptation of the saws, but 
through a separate ovipositor, protruded when the saws have been withdrawn. 



1004 


INSECTS AND ARACHNIDA 


of this is furnished by the gad-fly {Tahanns)^ whoso ovipositor is 
composed of several joints, capable of being drawn together or 
extended like those of a telescope, and is terminated by boring 
instruments ; and the egg being conveyed by its means, not only 
into but through the integument of the ox, so as to be imbedded in 
tlie tissue beneath, a peculiar kind of infiainmation is set up theie, 
which (as in the analogous case of the gall-fly) forms a nidus appi*o- 
priate both to the protection and to the nutrition of the larva. Other 
insects which deposit their eggs in the ground, such as the locusts, 
have their ovipositors so shaped as to answer for digging holes foi* 
tlieir reception. The preparations whicli serve to display the fore- 



Fig. 747. — Various eggs, chiefly of the Mallophaga (Anoplura). 


going parts are best seen when mounted in balsam, save in the case 
of the muscles and poison-apparatus of the sting, which are better 
preserved in fluid or in glycerin jelly. 

The sexual organs of insects furnish numei’ous objects of extreme 
interest to the anatomist and physiologist ; but as an account of 
them would be unsuitable to the present work, a reference to a 
copious source of information respecting one of their most curious 
features, and to a list of the species that afford good illustrations, 
must here suffice.^ The eggs of not only the class Insecta, but of 

^ See the memoirs of M. Lacaze-Duthiers, ‘ Sur I’Armure Gdnitale des Insectes,’ in 
Ann. des Sci. Nat. sdr. iii. Zool. tomes xii. xiv. xvii. xviii. xix. ; and M. Ch. Robin’s 
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many of the minuter forms of the class Ardclmlda, as for ex:Mii{)l(‘ 
the Acarina^ or mites and ticks, present to those who are insearcli ot 
objects of beauty a wide and most interesting field. In fig. 747 we 
give a group of eggs, all but the central form being eggs or organisms 
of this order. It is thus with the eggs of many insects ; they are 
objects of great beauty, on account of the regularity of their form 
and the symmetry of the markings on their surface (fig. 748). The 
most interesting belong for the most part to the order LepklopUra ; 
and there are few among tlieso that are not worth examination, 
some of the commonest (such as tliose of the cabbage buttei’fiy, 



Fig. 748. — Eggs oi buLUu'flies and luotlis. 


which are found covering large patches of the leaves of that plant) 
being as remarkable as any. Those of the puss-moth {('ernr<( 
vinida), the privet hawk-moth [Sphinu' the small loi toist- 

shell butterlly (^Va7iessa iirticce), the ineadow brown butt cell \ [/lij) 
p((rrItH( th(‘ brim stem ‘-moth {Ruinia cratcegata), and tin* 

silkworm [Ilnjuhj/.r. mori) may be particularly specified; and, from 
other orders, those of th(‘ cockioa^'b [lilalt/ orioukdis), field-cricket 
{Acheta emnpesPris)^ water scorpion i^Xrpfi rfandra)^ bug {(.im'^x 
lectfdariHs), cow-dung fly (Scatophaga stercoraria), arnl l)low-fly 

Mrinoire s/ir leu Ohjeta qui peu rtx f r/rr (‘<nis<’rrrs ru Prr/hfra/ io/is ni /(•i-(iscn/)i(f/irs 
(Paris, lsr)(;), which is peculiarly full in tlir ciiu)ncrati<))i of tlio ohj«,>( ts of inicrc'sl, 
afforded by tlie class of Insects. 
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(Jliisca vo/uitoria)} In order to preserve these eggs they sliould 
be mounted in fluid in a cell, since they will otherwise dry up, and 
may lose their shape. They are very good objects for seem ing some 
of the best binocular eftects. 

The remarkable mode of i*eproductioii that exists among the 
Aphides must not pass unnoticed here, from its curious connection 
with the noil-sexual reproduction of Entomostraca and Uotlfera^ as 
also of Hydra and Zoophytes generally, all of which fall sjiecialU % 
most of them exclusively, under the observation of the iniiTOscopist. 
The Aphides^ which may be seen in the spring and eaily snmmer, 
and which ai*e commonly, but not always, wingless, are all of one 
sex, and give birth to a bi*ood of similar Aphides, which come into 
the world alive, and before long go through a like process of multi- 
plication. As many as from seven to ten successive broods may thus 
be produced in the course of a single season ; so that fi'om a singh* 
Aphis it has been calculated that no fewer than ten thousand million 
millions may be evolved within that period. In the latter part of 
the year, however, some of these vivi})arous Aphides attain their full 
development into males and females ; and these ])erforni the true 
generative proc(\ss, whose products are eggs, which, wlieii hatched in 
the succeeding spring, give origin to a. new vivi})arous brood that 
repeat the curious life-history of their predecessors. Ft apj)earsfrom 
the observations of Huxley that the broods of vivipai'ous A))JuiJes 
originate in ova which ar(‘ not to be distinguished from those* 
deposited by the perfect winged female. Neveitheless, this non- 
sexual or ayamic reproduction must be considei*ed analogous rather 
to the ‘ gemmation ’ of other animals and ])lants than to their sexual 
‘generation;’ for it is favoured, like the gemmation of Hydra, by 
warmth and copious sustenance, so that by a})proj)riate treatment the 
\ iviparous reproduction may be caused to continue (as it would 
seem) indefinitely, without any recurrence to the sexual process. 
Further, it seems now certain that this mode of reproduction is not 
at all peculiar to the Aphides, but that many otlnn- insects ordinarily 
multiply by ‘ agamic ’ propagation, the pi-oduction of males and the 
[)erformance of the true genei'ative act being only an occasional 
phenomenon ; and the researches of Professor Hiebold have led him to 
conclude that even in the ordinary economy of the liive-bee the same 
double mode of reproduction occurs. The queen, wlio is the oidy 
perfect female in the hive, after impregnation by one (jf the drones 
(or males) deposits eggs in the ‘ royal ’ cells, whicli are in due time 
developed into young queens; others in the drone cells, wliich become 
drones ; and others in the ordinajy cells, which become workers or 
neuters. It has long been known that these last are really un- 
developed females, which, undei- certain conditions, might become 
({ueens ; and it has been observed by bee-keepers that worker-bees, 
in common with virgin or unimpregnated queens, occasionally lay 

I Compare R. Leuckart in Archiv /. Anat. 1853, p. 90, ‘ Ueber die Microi)yle uiid 
den feinern Bau der Schalenhaut bei den IiiHecteneiern,’ and A. Brandt, I ^eber das 
El iind seine Bild a ngstdtte, Leii>5iig, 1878. 

‘On the Agamic Reproduction and Morj>liology of Aphis' in Trans. Linn. 
Soe. xxii. j). 11>8. For observations on American Aphides see various papeis by 
Mr. C. M. Weed in Pi/sehr and other American journals. 
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eggs from which eggs none but dronesare ever produced. From careful 
microscopic examination of the <lrone eggs laid even by impregnated 
queens, Siebold drew the conclusion that they have not received the 
fertilising influence of the male fluid, which is communicated to the 
(jueen-eggs and worker-eggs alone ; so that the products of sexual 
generation are always female, the males being developed from these 
by a pro(;ess which is essentially one of gemmationd 

The embryonic development of insects is a study of peculiar 
interest from the fact that it may be considered as divided (at 
least in such as undergo a ‘complete metamorphosis’) into two 
stages that are separated by the wliole ac^tive life of the larva— that, 
namely, by which the larva is produced within the egg, and that by 
which the imago or perfect insect is produced within the body of 
tlie pupa. Various circumstances combine, liowever, to i*ender the 
study a very difficult one ; so tliat it is not one to V)e taken up by 
the inexperienced microscopist. The following summary of the 
history of tlie process in tlie common blow-lly, however, will pro- 
bably be acceptabl(‘. A (jastvala with two memi)ranous lamelhe 
having been evolved in the first instance, the outer lamella very 
rapidly sha[)es itself into the form of the larva, and shows a. wtdl- 
marked segnuaital division. The alimentary canal, in like manner, 
shapes itself from the inner lamella, at first being straight and 
very capacious, including the whole yolk, but gradually becoming 
narrow and tortuous as additional layers of cells are develo[)ed 
bi'tween the tvNo ])rimitive lamella*, from which the other internal 
organs are evolved. When the larva comes forth from the egg it 
still contains the remains of tla* yolk ; it soon begins, however, to 
feed voraciously ; and in no long pei-iod it grows to many thousiind 
times its original weight, without making any essential j)rogress in 
development, but sim})ly accumidating material for future use. An 
adequate store* of nutriment (analogous to th<" ‘ siq)plemental yolk ’ 
of Parjyara) having thus been laid up within the body of the 
larva, it resumes (so to speak) its embryonic develo[)ment, its [)assage 
into the pupa state, from which the imago is to come forth, involving 
a degeneration of all the lai-val tissues; whilst tlu* tissues aiul 
organs of the imago ‘ are redeveloped from cells which originate 
from the disintegrated pai'ts of the larva, under conditions similar 
to those appei-taining to the formation of the embryonic tissues from 
the yolk.’ The development of the segments of the head and body 
in insects generally proc*eeds from the corresponding larval segments; 
but, according to Dr. Weisniann, there is a marked excei)tion in the 
case of the Diptera and other insects whose larva* ai*e unfurnished 
with legs, their head and thorax being newly formed from ‘imaginal 
discs,’ which adhere to the nerves and traehea* of tlu* anterior 
extremity of the larva ; - and, strange as this assertion may seem, 

Soe Professor Siebold’s memoir, Oa Tmv rfut/iriKH/aursifi in Moths ntid Bees, 
translated by W. S. Dallas (London, 1857); and his Beitmye zur Bartiienageno.sis 
(lor Arthropod en 

^ See his ‘ Eiitwickelung der Dipteren ’ in Zeitsch rift f. IFm. Zool. xiii. and xiv. ; 
Mr. Lowne’s Aiudomy of the Blow-fly (Ist ed.), pp. 0-1), 118-121 ; and A. Kowalevsky, 
‘ Beitritge zur Kenntnis der N»u.'hembryonalen-Entwickelung der Mnseiden,’ Zeitschr. 
f. Wiss. Zool. xliv. p. 512 
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it has been confirmed by the subsequent investigations of Mi*. 
Lowne.^ 

I'he Arachnida, or scorpions and pseudo-scorpions, and the 
mida or spiders, present much that is of interest even to the unscien- 
tific who use the microscope only for pleasui*e. The general remarks 
which have been made in regard to insects are equally applicable 
to these, but have special application in that gi'oup known as the 
Acarina^ consisting of the mites and ticks. Some of tiiese are 
parasitic, and are populai'ly associated with the wingless pai*asitic 
insects, to which they bear a strong general resemblance, save in 
having eight legs instead of six. The Acarina are the true ‘ mites ; ’ 
they genei’ally have the legs adapted foi* walking, and some of them 
are of active habits. The common cheese-mite, as seen by the naked 
eye, is fiimiliai* to every one ; yet few who have not seen it under a, 
microscope have any idea of its real confoi iiiation and movements ; 
and a cluster of them, cut out of the cheese they infest, and placed 
under a magnifying power sufiiciently low to enable a large numbca* 
to be seen at once, is one of the most amusing objects that can be 
shown to the young. There are many other s])ecies, which closely re- 
semble the cheese-mite in structure and habits, but which feed iqion 
different substances ; and some of these are extremely destructive. 

The Acarina are the smallest of the ArtJtropoda, and are specially 
well fitted for microsco[)ical examination ; indeed, with the excet^tion 
of the Iccodkhe (including the Argosbue)^ which attain a substantial 
size, particularly in tropical countries, but little can be learnt 
respecting them without such aid ; as far as is at present known, 
other mites are not larger in hot countries than in Europe. Many 
species make beautiful obje(ds for the microscope, and may be well 
preserved, the hard-bodied specimens in balsfuii without heat or 
pressure, the soft-bodied in glycerin or glycerin jelly ; e.g. the 
nymplis of Leiosoma pal mad net n in, Tegeocranns expheiformis, T. 
dentatns, and the adults of (Ugeiphagns planiiger and (t. pahnifer 
are admirable. They ai*e all llritish, and are found respe(;tively on 
lichqn at the Land’s End, on the fallen bai k and needles of fir-trees, 
on fallen oak-wood, in the fodder in stables, and on <;ellar-walls. 
Many of the Tiomhidiidiv and Hydrachnidw also are very beautiful ; 
and the Dermaleichi, especially the males, and such cieatures as 
Myohia, Listrophorns, &c., are extremely curious. With the excep- 
tion of the Phytoptidcp, all Acarina, in the adult stage have eight 
legs and the constriction between ceplialo-thorax and abdomen is 
far less marked than in insects and spiders — in many genera it is 
wholly lost. The sexes are distinct and often very different from 
each other ; the reproduction is oviparous or ovo-vivi})aious — pos- 
sibly in i*are and exceptional instances viviparous. The ova are 
usually elliptiwil or oval ; in those which have a hard shell a 
curious stage known as the ‘ deutevium ’ exists ; as the egg increases 
in size the shell splits into two symmetrical halves, which remain 
attached to the lining membrane, but ai e widely separated, the 

> Reference should be made to Professor Biitachli’s observations in Morphol. 
Jahrhuch, xiv. p. 170, and Dr. Voeltzkow’s pai)er in Arheit. ZOol. Zool. Inst. WUrz- 
burg, ix. p. 1. 
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membrane becoming the external covering in the space left. The 
eggs of the so-called stone-mite {Petrohia lapiduiin) are discoidal and 
sculptured ; they occasionally appear in countless numbers over a 
large space of ground in a single night, making the place look 
whitewashed ; they have been mistaken for fungi and called Crate- 
rium pyriforme ; they are good microscopical objects. The hirvse 
of all A Carina, except Phytoptiis and possibly Dermanyssus, are 
hexapod ; the fourth pair of legs is absent. The iiymphal stage is 
usually the principal period of growth ; occasionally, however, it is 
wanting. The nymph is an active chrysalis, as in the Orthoptera ; it 
usually undergoes several ecdyses. In many species oithe OrihaUdfi^ 
the whole skin is not cast, but splits round the edge of the feody, 
and the dorso-abdominal portion remains attached to the new skin ; 
often it has a row of elegant spines or hairs round its edge ; thus 
after two or three ecdyses these s})ines form concentric rings on the 
notogaster (Plate XXI, fig. 2). In the Tromhidiidw , Tyroglyphi, &c. 
the nymphs usually greatly resemble the adults ; in the OrihatuUv 
they are often totally different, and every intermediate stage occurs. 
The change from nymph to adult is usually preceded by an inert 
period. 

The number and variety of the families, and the differences in 
the external form and internal anatomy, ai*e so gi*eat and so endless 
that it is impossible hero to do more than indicate a few leading 
features and refer to a few examples of interest. The caput is, of 
course, fused with the thorax, but sometimes a constriction at the 
base of the rostrum gives a fi\lse appearance of there being a distiiict 
head. The trophi are extremely different in the respective families, 
or even genera. In the more highly organised of the Gamasidce 
almost all the parts which exist in the most elaborate insect-mouths 
except the labial palpi may be found ; they are well described by 
M. Megnin.^ A large oral tube is formed by the ankylosed 
maxillae and probably upper lip and lingua. Up the centre of this 
tube the mandibles pass freely ; they are veiy long and chelate ; 
the first joint is simply cylindrical ; the second similar, but having 
the fixed chela at its distal end ; the third is the movable chela . 
They are capable of being projected far beyond the body, or of being 
withdrawn wholly within it, the muscles which withdraw them 
often arising from quite the posterior end of the body. These man- 
dibles are diflferent in the two sexes, and those of the male often 
have most remarkable appendages. One of the best examples is 
that of Gamasus tcrrihilis, a species found in moles’ nests by Mr. 
Michael. Professor Canestrini, of Padua, also has figured some very 
singular forms. In the Oribatidce, Tctranychus, the Sarcoptidce, 
&c, the mandibles are also chelate, but of two joints only, shorter, 
more powerful, and not capable of such great protrusion. In the 
UydA'achnidoe, Troitihidiince, &c. the mandible is not chelate, but 
the terminal joint shuts back like a clasp-knife, as in the poison- 
fangs of spiders. Other forms of mandible are found. The maxilla? 
are large toothed crushing organs in the Orihatidce ; they are very 


3 T 


1 Joiirn de VAnat. et de la Physiol Robin, May 1876. 
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strongly developed in lloplophora^ which is a wood-boring creature. 
In other families they are more commonly joined, forming a maxil- 
lary lip with a flexible edge for sucking purposes. The maxillary 
palpi vary greatly ; in the Sarcoptidce^ Myohia^ t^c. they are anky- 
losed to the lip ; in the Phytopti Nalepa is of opinion that they are 
needle-like piercing organs, but these may well be the maxilhe. In 
some predatory foi‘ms, as Cheyletus^ Tromhiilmm^ ttc., they assume 
great importance, being the raptorial organs ; in the first they 
ai e extremely large and powerful and work hoi*izontally ; they ai e 
provided with a number of long chitinous spines and comb-like 
appendages of a very singular character. In Tromhidmm the 
ultimate joint is ai*ticulated at the base of, oi* pai*t of the way down, 
the penultimate, forming a species of chela. In Bdella the palpi 
are long thin organs, Ciirried upward and backward, and have the 
appearance of antenna^. The joints of the legs are from three 
{pemodex) to seven (some Trombidiidce and Gainasidce) ; five is the 
most usual number. They are terminated by a sucker as in the Sar- 
coptidm, where it is often very large ; or by a claw or claws, or both 
togethei*. In some parasitic species the claws are developed in a 
special manner for holding the hairs of the host ; thus Myohia has 
the claw of the first leg flattened out so as to form a broad lamina, 
which curls round the hair and presses it against a chitinous peg on 
the tai’sus ; Myocoptes has a similar arrangement on the third leg. 
Both these genera contain species which are pa.i*asites of the mouse, 
and easily obtained. In the Orihatidce^ Tyroylyphl^ &c. the legs 
are all strictly walking organs ; but in Cheyletiis, most Gamasidce, 
(fee. the first pair ai'e tactile, and not used in locomotion. The legs 
generally correspond on the two sides of the body, but in Freyana 
heteropus, an extraordinary parasite of the coimorant disco vei ed by 
Mr. Michael (Plate XXII, fig. 3), the second leg of the male is developed 
to a much greater extent on one side than on the othei*, and is 
supported by a difierent sternal skeleton on the two sides ; the 
strangest fact is that it is not always the same side that is thus 
developed ; it is usually the left, but occasionally the right. The 
integument of the Acarina is almost always soft in the immature 
forms ; in the adults it is hard and chitinised in the Orihatidce and 
most Gamasidee ; partly so in the Ixodidm ; and usually soft in most 
other families, and often minutely striated. The hairs and other 
appendages of the integument of a similar natui’e are often very 
characteristic and extraordinary. In the nymph of Leiosoma palma- 
drvetum they are large scale-like processes of a Japanese-fan shape, 
which entirely covei* up and conceal the body of the ci eature ; a 
leaf-like foim is also common. In Glyciphagus plumiger they are 
elegant plumes ; in some Sarcoptidee, e.g. Symbiotes tripilis, some of 
the simple setiform hairs are three times the length of the body ; 
in the Tromhidiidm the body-hairs are often extremely fanciful. The 
setiform hairs are the piincipal organs of touch, those on the front 
legs being specially important. So sensitive are they that Cheyletus 
and some Gamasids, which are predatory and capture such active 
creatures as Thysanaridoe, are entirely eyeless, and trust to the 
tactile sense only. Haller wa.s of opinion that certain specialised 
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hairs had an auditoiy function. In the Ixodidw, a singular drum- 
like structure in the first leg has been considered by Haller and 
others to be the hearing organ ; while in the Orihatldw, that organ 
appears to be located in the pseudo-stigmata, two paired organs at 
the side of the cephalo-thorax which were long biken for true stig- 
mata. The Gamasidm, Orihatidce, Tyroghjphidce, Sarcoptido’, &c. 
are entirely without special organs of vision. The Hydrachnidce 
have two pairs of simple eyes, eacli pair being so close together as 
to look like a single eye. The Tromhidiidw mostly have simple 
eyes, the number and position of which vary with the species. 
As to internal anatomy it should be noted that there is almost 
endless variety. The alimenbiry canal most commonly consists of a 
long thin msophagiis, provided with distensor muscles on each side, 
so as to make it a sucking organ ; it usually passes right through or 
close under the great ganglion known as the brain; in some species, 
as Daitia^HS genicidatus^ the oesophagus is followed by a large pro- 
ventriculus, but this is not usual ; it more commonly leads directly 
into the ventriculus, which generally is a pi*incipal viscus, and in 
most families furnished with more or less glandular cjecal ap- 
pendages, not numerous, but often very large, occiisionally lai*ger 
than the organ itself. A valve in many cases separates the ven- 
triculus from the hind-gut, which is commonly divided into what 
may be called colon and rectum. In the Oamasklw a single very 
large Malpighian vessel on each side of the body enters between 
the two last-named divisions of the alimentary canal. These vessels 
run right along the side of the body, and strong pulsation may be 
seen in them. In the Orihatidfv they ai*e absent, theii* function 
being apparently performed by supercoxal glands. The Tyro- 
glyjMda^^ Sarcoj>iidm^ Phytoptida^^ ttc. are without special i*espira- 
tory oi'gans ; the Ovihatkhv. and some Urupoda have simple un- 
branched trachea^, much in the same condition as those of Peripatus. 
The other Gainasidw^ the Tromhkliidce, Cheyletldce^ Ixoduh^^ <fec. 
usually have branched tracheje, like insects ; air-sacs are occasion- 
ally found, but not anything like the tracheal lungs or gills (so 
called) of spiders and scorpions. The principal nerve-centre is 
much concentrated, and consists usually of either a large supra- 
< esophageal and smaller suboesophageal ganglion joined by com- 
missures ; or, more frequently, the whole forms one mass which is 
pierced by the oesophagus, which may be pulled out, leaving a neat 
i*ound hole ; the nei’ves, of course, radiate from this mass, but there 
is not space here to describe their course. A pulsating organ of the 
nature of the dorsal vessel of insects, but much shorter, and with 
only one or two pairs of ostia, hjrs been detected in some Gainasidce^ 
and in Ixodes, first by Kramer and afterwards by Winkler and 
Olaus ; it has a median aorta running forward ; it is best seen in 
life in young specimens still transparent; it lies at the rear of the 
ventriculus, near the dorsal surface. Nothing of the nature of a 
heart has yet been discovered in other Acarina. The reproductive 
organs are, perhaps, most frequently of the ‘ ring ' type, well known 
in the Arachnida ; thus in female Orihatidce they consist of a central 
ovary, with an oviduct springing from near each end, in which the 
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eggs are matured ; the oviducts both terminate in an unpaired 
vagina, whence the eggs pass into a long, membranous, extensible 
ovipositor, often wriiiklecl or striated with singular fineness and 
beauty. The external aperture is closed by chitinous folding doors. 
A more or less similar aia angement may be found in most Gamas idw, 
Hydrachnidm, (kc., but without the ovipositor. Spermathecje are 
often found in the Gamasidm^ Tyroglyphidce^ etc., and accessory 
glands frequently accompany the vagina in almost all families. The 
male system varies greatly, but is frequently constructed on similar 
lines, preserving somewhat of the ‘ ring ' foi*m. 

The principal families into which the Acarlna aie divided are as 
follows ; — 

The Gamasidoe, which in the adult stage aie mostly pro- 
vided with a hard chitinous cuticle in all paits of the body. They 
are mostly predatory, but the females and young are often parasitic. 
Pteroptus and Dermanyssas, however, are more leatheiy in texture, 
and are parasitic during their whole lives, the former on bats, the 
latter on birds. This family have the true stigmata, one on each 
.side of the ventral suiface, usually between tlie second and third 
pairs of legs ; these do not communicate directly with the external 
air, but have a long tubular peritreme in the chitin of the ventnil 
surface, often very elaborate in form, and emerging to the air usually 
between the first and second legs. Tliis is highly chai*acteristic of 
the family. 

The Ixodidte^ or ticks, most of which aic probably primarily 
vegetable feeders, but will, when opportunity ofiers, attach them- 
selves to animals by sinking their long serrated rostial projection 
into the skin, have a single ventral stigma on each side, com- 
municating directly with the air by a large cullender-plate, which 
is an interesting microscopical object. The males have the dorsal 
surfirce of the abdomen almost entirely covered by a chitinous plate, 
which is much smaller in the females; but the leathery portion of 
the abdomen in that sex is capable of great distension for the pur- 
pose of permitting the suction of animal juices. The Argasida^ 
must be included in this group ; their tenacity of life and power of 
existing without food are marvellous ; their bite is severe, but the 
terrible stories told of the results of the bite of the Persian Avgas 
have not been supported on investigation. 

The Oribatidoe are mostly wholly chitinised, the chitin being 
very hard and brittle. The stigmata are in the acetabula of the 
legs. The pseudo-stigmata (hearing organs) of this family have 
been before referred to. Oribatidoe are vegetable feeders, living in 
moss, lichen, fungus, dead wood, under bark of trees, &c., and some 
few species on aquatic plants. They are widely distributed from 
the arctic regions to the equatorial. Hoplophora has the power of 
withdrawing the legs wholly within the carapace, and then shutting 
down the cephalo-thorax against the abdomen, so as to close the 
opening, when it appears like a chitinous ball ; from this power it 
has been called the ‘ box-mite.^ The sexes have not any external 
difference. 

The Trombidiidyce are a large and varied group, mostly predatory 
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and with soft, often velvety skins, frequently of scarlet and other 
brilliant colours. The large Tromhidium holosericum is a well-known 
microscopical object. The Tetranychi are usually included in this 
family ; they are, however, rather doubtful members ; they are the ^red- 
spiders ’ of our greenhouses, much dreaded by hoi'ticulturists. Each 
foot is provided with about four singular hairs with round knobs at 
the end. Bryohia is an allied genus found in great numbers on ivy 
(fee. in gardens and is a beautiful object. The hexapod larv.T of several 
species of Tromhidium often attach themselves temporarily to the skin 
of animals, i ncludiiig man, and produce intolerable itching. They were 
supposed by the eai-lier Ac<arologists to be all one species, and to 
be adult, and to form a distinct family ; they were called Leptua 
atUumnalis, and are known in England as the ‘ harvest-bug,’ and 
in France as the rouget. The Bdellidce are also included in this 
family ; some authors also include the Gheyleti^ which, however, seem 
to need a sepaiate family, having many curious characters, including 
the doi'sal position of the male organs. 

The IlydracJmidce^ or water-mites, as well as the Tromhidiidee^ 
have the two stigmata in the rostrum ; the legs are swimming 
oi*gans, the sexes often very different ; they live in fresh water and 
are often parasitic in thtur immature, but not in the adult stages. 
They are mostly soft-bodied and often of brilliant colours. 

The Liimiocaridoi are sometimes treated as a sub -family of the 
Hydrachnidm^ but are crawling, not swimming creatures, and are 
found in fresh water; but the Halicarid(e., which either constitute 
a sub-family of, or are closely associated with them, are marine, 
and ai‘e much found among Hydrozoa^ on which they probably 
prey. 

The parasitic Myohiidoe are by some included in the Cheyletidce ; 
the difierences, however, are very considerable. They are the last 
tracheate family. 

The Tyroglyphidm are the cheese-mite family ; they are far the 
most destructive of all Acarlna^ swarming in countless numbers and 
devoui-ing hay, cheese, drugs, growing plants and roots, (fee. ; the 
genus Glycvphagus contains maily singular and interesting forms, as 
G. platygaster and G. Krameri^ found in moles’ nests. It is in this 
ffimily that the curious hypopial stage exists ; some of the indi- 
viduals of some species, instead of following the ordinary life-history, 
are changed at one eedysis into a totally difierent-looking creature, 
with a highly chitinised cuticle and rudimentary mouth-organs, 
which can endure diuught and other unfavourable cii’cumstances 
which would kill the ordinary form. They attain the same adult 
stage as other individuals. The Hypopus is provided with adhesive 
suckers whereby it attaches itself temporarily to other creatures, and 
this serves for the distribution of the species. 

The Taraonemidoe are minute creatures, some leaf-miners, some 
parasitic on bees (fee. 

The Sarcoptidm are divided into two great sub- families, the Sa/i*- 
Goptince, or itch-mites, of which the well-known SarcopUs acahiei of man 
(Plate XXII, fig. 4) is the type, and the Analgesiuce, ov bird-parasite 
mites; all have soft bodies with finely striated cuticles. Sarcoptea 
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scahiei is a minute creature of almost circular form, the female of 
which burrows under the epidermis, cjiusing the disease. The mite is 
found at the end of the burrow, not in the pustule at its commence- 
ment. The first two pairs of legs and the third leg of the male 
are terminated by suckers, the other legs by long bristles. The 
male is smaller than the female. The Analyesince, [Demialeichi) are 
a veiy large and curious group ; the males often differ greatly fi*om 
the females, and the skin is often greatly strengthened by chitinous 
plates and structures. The species are not always parasitic on one 
bird only ; often the same species may be found on numerous birds, 
while several species frequently live on the same bird ; they are not 
usually supposed to be injurious to the birds ; they are found on the 
feathers. 

The Fhytoptidce are exti-emely minute creatures living in galls 
which tliey form on the leax es and twigs of numerous trees and 
plants ; they are elongated in form with tlie two hind pairs of legs 
abortive ; there is l)ut little^ variety among them. Slightly resem- 
bling them in general form, })ut very different in other respects, is 
Demodex folliculoy'um , whicli is found in the sebaceous follicles of 
the human skin, particularly the nose. Those follicles, which are 
enlarged and whitish with a terminal exterior black spot, may be 
forced out by pressure, and the Aairus will often l)e found within 
Similar parasites exist on the dog and pig. 

There are numerous other curious and interesting forms which 
cannot be included in any of the families mentioned above. 

The number of objects furnished to the microscopist by the 
spider ti’ibe is very large from a biological point of view, although 
mere objects of microsco[)ical interest popularly ai e not so numerous 
as in insects. Their eyes exhibit a condition intermediate between 
that of insects and crustaceans and that of vei*tebrata, for they are 
simple like the ‘ stemmata ’ of the former, usually number from six 
to eight, are sometimes clustered together in one mass, but more 
frequently disposed separately ; while they present a decided ap- 
proach in internal structure to the type characteristic of the visual 
organs of the lattei*. 

The structure of the moutli is always mandibulate, and is less 
complicated than that of the mandibulate insects. The respiratoi'y 
apparatus is not tracheal, as in insects and some Acarlna, but is 
constructed upon a very different plan, foi* the ‘ stigmata,’ which 
are usually foui* in number on each side, open upon a like numbei* 
of respiratory sacculi, each of which contains a seiies of leaf-like 
folds of its lining membrane upon which the blood is distributed so 
as to afford a large surface to the air. 

In the structure of the limbs, the principal point worthy of 
notice is the peculiar appendage with which they usually terminate, 
for the strong claws, with a pair of which the last joint of the 
foot is furnished, have their edges cut into comb-like teeth, which 
appear to be used by the animal as cleansing instruments, and in 
many cases for the manipulation of the silk of their snares. But a 
feature deserving study by the microscopist is the physical cause of 
the exquisite sensitiveness of these ‘ feet.’ By resting these upon a 
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trap-line of Ksilk carried to her den, she can, by a veritable telegraphy, 
discover instantly, not only the fact that there is prey upon her 
snare, but the exact spot in the web of the snare in which that 
prey is entangled. In the same way, by seizing certain tightly 
stretched threads communicating with the main lines of the snare, 
she can discover in an instant the presence and position of her prey, 
though far beyond the reach of vision. 

The most characteristic and interesting part in the special 
organisation of the spider is the ‘ spinning apparatus,’ by means of 
which its often elaborately 
constructed webs are pro- ^ — 

duced. These consist of 

terior of the body and 

are' two' 'wliieh 

sac-like in form, witli a with comb-like claws, of the 

coiled tube opening di- ^ ^ ’ 

rectly on tluj spinnerets : 

there are three pairs, of a convoluted appearance, opening on the 
hinder spinnerets ; and there are three of a sinuous tubular form 
opening on the hinder and middle spinnerets. Beyond these there 
are respectively 200 and 400 smaller glands, which open on the 
front, middle, and hinder spinnerets. They all terminate in tubes 
of great delicacy, through which the silk is drawn at the will of the 
spinster ; and, while the scafiblding or framework of the web of 
Epeira is double and hardens rapidly in air (fig. 750, A), those which 
lie across the polygons of 

the scafiblding are stud- A 

ded at regular intervals 

with viscid globules, as _ ^ ^ ^ 

seen in fig. 750, B ; and ^ ® ® 

it is to these viscid glo- 
bules that the peculiarly 

n . , thread (B) of the common spider. 

adhesive character ot the 
web is due. 

The usual number of the spinnerets is six. They are little teat- 
like processes crowned with silk tubes. They are movable at the 
will of the spider, and can be erected or depressed, and one, many, 
or all of the tubes crowning a spinneret may be caused to exude 
and have drawn from it or them the silk as the spider determines. 
There can be no doubt that there is a difierence in the silk secreted 
by different glands, and its appropriate employment is a part of 
the skill of the spider. 

It is certain that the silken threads of a snare are of twn kinds ; 


Fig. 750. — Ordinary thread (A) and viscid 
thread (B) of the common spider. 
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(1) that which rapidly hardens on contact with the air, and which 
is employed in the consti*uction of the fi*ainework of the snare ; and 

(2) a viscid silk with which the entangling meshes by which prey is 
caught are put in. The latter present beautiful objects for popular 
observation, because the thread has strung upon it, as it were, 
innumerable pearl-like globules in which the viscidity remains. 
These beads are produced after the thread is drawn out by a 
special vibratory action set up in the thread by the spider. 

The eggs of spiders are not objects of special optical interest, 
but they afford opportunities for good embryological work,^ and the 
habits of spiders offer a good scope for industrious study in the field. ^ 

' See the work of Kisliinouyi in Joiirn. Coll. Hci. Imp. Univ. Japan, vol. iv. 

^ See particularly McCook’s American Spiders and their Spinning Work, 
Philadelphia, 1889 and 1890, and the various papers of Mr. and Mrs. Peckham in the 
American journals. 
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We are now ari-ived at the highest division of the animal kingdom, 
in which the bodily fabric attains its greatest development, not only 
as to completeness, but also Jis to size ; and it is in most striking 
conti*ast with the class we have been last considering. Since not 
only the entire bodies of vertebrated animals, but, generally speak- 
ing, the smallest of their integral parts, are far too lai ge to be viewed 
as microscopic objects, we can study their structuie only by a 
separate examination of tlieir component elements ; and it seems, 
therefore, to be a most appropriate course to give under this liead a 
sketch of the microscopic characteivs of tliose primary tissues of 
which their fabric is made up, and which, although they may be 
traced with moi‘e or less distinctness in tlie lower tribes of animals, 
attain their most complete development in tliis group. ^ 

Although thei’e would at first sight apj^eai* but little in common 
between the simple bodies of those humble Protozoa which con- 
stitiite the lowest types of the animal series, and the complex 
fabric of man or* other' vertebrates, yet it seems cer'tairi that in 
the latter’, as in the former, the pi’ocess of ‘ formation ’ is essentially 
carried on by the instrumentality of protoplasmic suhstauce^ univer- 
sally diffused through it in such a manner’ as to bear' a close resem- 
blance to the pseudopodial netwoi-k of the rhizopod ; whilst the 
tissues produced by its agency lie, as it were, on the outside of 
this, bearing the same kind of relation to it as the foi’arniniferal 
shell does to the sarcodic substance which fills its cavities and 
extends itself over its surface. For, as was first pointed out by 
Dr. Beale,^ the smallest living ‘ elementary part ' of every organised 


^ This sketch is intended, not for the professional student, but only for the 
amateur microscopist who wishes to gain some general idea of the elementary struc- 
ture of his own body and of that of vertebrate animals generally. Those who wish 
to go more deeply into the inquiry are referred to the following. The translation of 
Strieker’s Manual of Histology, published by the New Sydenham Society ; the 
translation of the 4th edition of Professor Prey’s Histology and Histo-Chemistry of 
Man ; the ‘ General Anatomy ’ of the 10th edition of Qua/in's Anatomy, 1898, by 
Professor Schafer; and the Atlas of Histology, by Dr. Klein and Mr. Noble Smith. 

2 Professor Beale’s views are most systematically expounded in his lectures On the 
Structure of the Simple Tissues of the Human Body, 1861 ; in his How to work 
with the Microscope, 5th edition, 1880 ; and in the introductory portion of his new 
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fabric is composed of oi*ganic matter in two states : the protoplasmic 
(which he termed germinal matter), possessing the power of selecting 
pabulum from the blood, and of transforming this either into the 
material of its own extension or into some product which it 
elaborates ; whilst the other, which may be termed formed material, 
may present every gradation of character from a mere inorganic 
deposit to a highly organised structure, but is in every case altogether 
incjipable of self-increase. A very definite line of demarcation can 
be generally di-awn between these two substances by the cai*eful use 
of the stiiining process ; but there are many instances in which there 
is the same gradation between the one and the other as we have 
formerly noticed between the ‘ endosarc ^ and the ^ ectosarc ’ of the 
Amoeba. Thus it is on the protoplasmic component that the exist- 
ence of every form of animal organisation essentially depends ; 
since it serves as the instrument by which the nutrient material 
furnished by tlie blood is converted into the several forms of tissue. 
Like the sarcodic substance of the rliizopods, it seems capable of in- 
definite extension ; and it may divide and subdivide into independ- 
ent portions, each of which may act as tlie instrument of formation 
of an ‘ elementary part.’ Two principal forms (d* such elementary 
parts pi*esent themselves in the fabric of the higher animals, 
viz. cells and fibres (which are modified cells) ; and it will be 
desirable to give a brief notice of these before pi’oceeding to describe 
those more complex tissues whicli are the products of a higher 
elaboration. 

The cells of which a few animal tissues are essentially composed 
consist, in some cases, of the same parts as the typical cell of the 
plant, viz. a definite ‘ cell- wall,’ inclosing ‘ cell -contents ’ and a 
‘ nucleus,’ which is the seat of its formative activity. It is of such 
cells, retaining more or less of their characteristic spheroidal shape, 
that every mass of fat, whether large or small, is chiefly made up. 
In a large number of cases the cell shows itself in a somewhat 
diflferent form, the ^ elementary part ’ being a corpuscle of proto- 
plasm of which the exterior has undergone a slight consolidation, 
like that which constitutes the ‘ primordial utricle ’ of the vegetable 
cell or the ‘ ectosarc ’ of the Amoeba, but in which there is no proper 
distinction between 'cell-wall’ and ‘cell-contents.’ This condition, 
which is characteristically exhibited by the nearly globular colourless 
corpuscles of the blood, appeal's to be common to all cells in the in- 
cipient stage of their formation, and the progress of their develop- 
ment consists in the gradual differentiation of their parts, the ‘ cell- 
wall ’ becoming distinctly separated from the ‘ cell- contents,’ and 
these from the ‘ nucleus,’ and the original protoplasm being very 


edition of Todd and Bowman’s Physiological Anatomy, 1867. The principal results 
of the inquiries of Grerman histologists on this point are well stated in a paper by 
Dr. Duffin on ‘ Protoplasm, and the Part it plays in the Actions of Living Beings ’ in 
Quart. Joum. Microsc. Sci. n.s. vol. iii. 1863, p. 261. The Author feels it necessary, 
however, to express his dissent from Professor Beale’s views in one important particular, 
viz. his denial of ‘ vital ’ endowments to the ‘ formed material ’ of any of the tissues | 
since it seems to him illogical to designate contractile muscular fibre (for example) 
as ‘ dead,’ merely because it has not the power of self-reparation. 
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commonly replaced more or less completely by some special product 
(such as fat in the cells of adipose tissue, or haniioglobin in the red 
corpuscles of the blood), in which cases the nucleus often disappears 
altogether. In the earlier stages of cell -development multiplication 
takes place with great activity by a duplicative subdivision that 
corresponds in all essential particulars with that of the plant-cell, 
as is well seen in cartilage, a section of which will often exhibit in 
one view the successive stages of the process. ^ Whether ‘ free ’ cell- 
multiplication ever takes place in the higher animals is at present 
uncertain. 

A large part of the fabric of the higher animals is made up of 
fibrous tissues, which serve to bind together the other components, 
and which, when consolidated by calcareous dej)osit, constitute the 
substance of the skeleton. In these the relation of the ‘ germinal 
matter ’ and the ‘ formed material ’ presents itself undei* an aspect 
which seems at first sight very difierent from that just described. 
A careful examination, however, of those ‘ connective tissue cor- 
puscles ’ that have long been distinguished in the midst of the fibres 
of which these tissues are made up, shows that the}^ are the equi- 
valents of the corpuscles of ‘ germinal matter,’ which in the previous 
instance came to constitute cell-nuclei, and that the fibres hold the 
same relation to them that the ‘ walls ’ and ‘ contents ’ of cells do to 
their gei’ininal corpuscles. The transition from the one type to the 
other is well seen in fibi'o-cartilage, in which the so-called ‘ inter- 
cellular substance’ is often as fibrous as tendon. The difterence 
between the two types, in fact, seems essentially to consist in this, 
that, whilst the segments of ‘ germinal mattei- ’ which form the cell- 
nuclei in cartilage and in other cellular tissues are completely 
isolated from each other, each being completely surrounded by the 
product of its own elaborating action, those whicli form the ‘ con- 
nective-tissue corpuscles ’ are connected together by radiating pro- 
longations that pass between the fibi*es, so as to form a con- 
tinuous network closely resembling that foi'med by the pseudo- 
podia of the rhizopod. Of this we have a most beautiful example 
in bone ; for whilst its solid substance may be considered as 
connective tissue solidified by calcareous de])osit, the ‘lacunte’ and 
‘ canaliculi ’ which are excavated in it (fig. 752) give lodgment to a 
set of radiating corpuscles closely resembling those just described ; 
and these are centres of ‘ germinal matter,’ which appear to have an 
active share in the formation and subsequent nutrition of the osseous 
texture. In dentine (or tooth- substance) we seem to have Jinother 


^ Great attention has lately been given by many able observers to the changes 
which take place in the nucleus before and during its cleavage. A full account of 
these IS contained in Professor Strassburger’s Zellhildung und ZeUtheilung^ 1880. 
See also Dr. Klein’s ‘Observations on the Structure of Cells and Nuclei’ in Quart. 
Journ. Mirrosc. Sci. n.s. vol. xviii. 1878, p. 815, and vol. xix. 1879, pp. 125, 404; and 
chap. xliv. of his Atlas of Histology. The numerous essays of Flemming, in the 
Archivf. mikr. Anat. from 1875 to 1890; Gruber, on the Nucleus of Protozoa, in vol. xl. 
of the Zeitsrhr. f. Wiss. Zool.\ and Carnoy, in La Cellule.^ may be studied by those 
who desire to carry further the history of the cell. A remarkable series of observa- 
tions have followed the publication of Professor E. van Boneden’s work on the egg 
of AscaHs megalocephala in Bull. Acad. Boy. Sci. Belg. xiv. pp. 215-95. 
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form of the same thing, the walls of its ‘ tubuli ’ and the ^ inter- 
tubular substance ’ being the ‘ foi*med material ’ that is produced 
from thread-like prolongations of ‘germinal mattei*^ issuing from 
its pulp, and continuing during the life of the tooth to occupy its 
tubes ; just as in the Foraminifera we have seen a minutely tubular 
structure to be formed around the individual threads of sarcode 
which proceeded from the body of the contained animal. Jt may 
now be asserted, indeed, that the bodies of even the highest animals 
are everywhere penetrated by that protoplasmic substance of which 
those of the lowest and simplest are entirely composed ; and that 
this substoice, which forms a continuous network through almost 
every portion of the fabric, is the main instrument of the formation, 
nutrition, and I'eparation of the more specialised or differentiated 
tissues. As it is the purpose of this work, not to instrucb the 
professional student in histology (or the science of the tissues), 
but to supply scientific information of general interest to the 
ordinary microscopist, no attempt will here be made to do more 
than describe the most important of those distinctive characters 
which the principal tissues present when subjected to microscopic 
examination ; and as it is of no essential consecpience what order is 
adopted, we may conveniently begin witli the structure of the 
skeleton} which gives suppoid and protection to the softer parts of 
the fabric. 

Bone. — The microscopic characters of osseous tissue may some- 
times be seen in a very thin natural plate of bone, such as in that 
forming the scapula (shoulder-blade) of a mouse ; but they are dis- 
played more perfectly by artificial sections, the details of the arrange- 
ment being dependent upon the nature of the specimen selected and 
the direction in which the section is made. Thus when the shaft of 
a ‘ long ’ bone of a bird or mammal is cut acims in tlie middle of its 
length, we find it to consist of a hollow cylinder of dense bone, 
surrounding a cavity wliich is occupied by a-n oily marrow ; but if 
the section be made nearer its extremity we find the outside wall 
gradually becoming thinner, wliilst the intei ioi*, instead of forming 
one large cavity, is divided into a vast numbei* of small chambers, 
partially divided by a sort of ‘ lattice work ’ of osseous fibres, but 
communicating with each other and with the cavity of the shaft, 
and filled like it with marrow. In the bones of reptiles and fishes, 
on the other hand, this ‘ cancellated ’ structure usually extends 
throughout the shaft, which is not so completely differentiated into 
solid bone and medullary cavity as it is in the higher V^ertebratfi. 
In the most developed kinds of ‘ flat ’ bones, again, such as those of 
the head, we find the two surfaces to be composed of dense plates of 
bone, with a ‘ cancellated ’ structure between them ; whilst in the less 
perfect type presented to us in the lower Yei'tebiuta, the whole 
thickness is usually more or less ‘ cancellated,’ that is, divided up 
into minute medullary cavities. When we examine, under a low 
magnifying power, a longitudinal section of a long bone, or a section 

1 This term is used in its most general sense, as including not only the proper 
internal skeleton, but also the hard parts protecting the exterior of the body, which 
form the dermal skeleton. 
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of a flat bone parcdlel to its surface, we find it ti a versed by numerous 
canals, termed Haversian after their discoverer Havers, which are in 
connection with the central cavity, and are filled like it with marrow. 
In the shafts of ‘ long ’ bones these canals usually run in the direction 
of their length, but are connected here and there by cross-branches ; 
whilst in the flat bones they form an irregular network. On apply- 
ing a higher magnifying power to a thin transverse section of a long 
bone we observe that each of the canals whose orifices present them- 
selves in the field of view (fig. 751) is the centre of a rod of bony 
tissue (1), usually more or less circular in its form, which is arianged 
around it in concentiic rings, resembling those of an exogenous 
stem. These rings are marked out and divided by circles of little 
dark spots, which, when closely examined (2), are seen to be minute 
flattened cavities excavated in the solid substance of the bone, fi om 
the two flat sides of which 
pass foi’th a number of 
extremely minute tubules, 
one set exteniling inwards, 
or in the direction of the 
centre of the system of 
rings, and the other out- 
wai’ds, or in the direction 
of its cii cumference ; and 
by the inosculation of the 
tubules (or canalicnli) of 
the different rings with 
each other a continuous 
communication is esta- 



blished between the cen- 
tial Haversian canal and 
the outermost pjirt of the 
bony rod that surrounds 
it, which doubtless minis- 
ters to the nutrition of 


B’ig. 751. — Minute Htructure of bone as seen in 
transverse section : 1, a rod surrounding an 

Haversian canal, 3. showing the concentric 
arrangement of the lamellm ; 2, the same, with 
the lacume and caiialiculi; 4, portion of the 
lamelhe parallel with the external surface. 


the texture. Blood-vessels are traceable into the Haversian canals, 


but the ‘ caiialiculi ’ are far too minute to carry blood-coi-puscles ; they 


are occupied, however, in the living bone by threads of protophismic 
substance, which bring the segments of ‘ germinal matter ’ contained 
in the lacume into communicjition with the walls of the blood- 


vessels. 

The minute cavities or lacnnie fi*om which the canaliculi proceed 
(fig. 752) are highly characteristic of true osseous tissue, being never 
deficient in the minutest parts of the bones of the higher Yertebrata, 
although those of fishes ai*e occasionally destitute of them. The dark 
appearance which they present in sections of a dried bone is not due 
to opacity, but is simply an optical effect, dependent (like the black- 
ness of air-bubbles in liquids) upon the dispersion of the rays by the 
highly refracting substance that surrounds them. The size and 
form of the lacunae differ considerably in the several classes of Yer- 
tebrata, and even in some instances in the orders, so that it is often 
possible to determine the group to which a bone belonged by the 



1022 


VERTEBRATED ANIMALS 


microscopic examination of even a minute fragment of it. The 
following are the average dimensions of the lacunae, in chai’acteristic 
examples drawn from four principal divisions, expressed in fractions 
of an inch : — 


Lcnig Diameter 
Man . . 1-1440 to 1-2400 

Ostrich . 1-1338 „ 1-2250 

Turtle . . 1-375 „ 1-1150 

Conger-eel . 1-550 „ 1-1135 


Short Diameter 
1-4000 to 1-8000 
1-5425 „ 1-0650 
1-4500 „ 1-5840 
1-4500 „ 1-8000 


The lacume of birds are thus distinguished from those of mam- 
mals by their somewhat greater length and smaller breadth, but 

they differ still moi*e in the 
remarkable tortuosity of their 
canaliculi, which wind back- 
wards and forwards in a veiy 
irregular manner. There is an 
extraordinary increase in length 
in the lacuiije of reptiles., with- 
out a corresponding increase in 
l)readth ; and this is also seen 
in some fishes, though in ge- 
neral the lacume of the latter 
jme remarkable for their angularity of form and the fewness of their 
radiations, as shown in fig. 753, which represents the lacunm and 
canaliculi in the bony scale of the Lepidosteas (‘ bony pike ’ of the 
North Americiin lakes and rivers), with which the bones of its in- 
ternal skeleton perfectly agree in structure. The dimensions of the 
lacuna? in any boiu' do not bear any relation to the size of the animal 



Fig. 752. -Laciinu) of osseous substance : 
a, central cavity ; b, its ramifications. 



Fig. 763. — Section of the bony scale of Lepidosteas : a, show- 
ing the regular distribution of the lacunae and of the connecting 
canaliculi ; b, small portion more highly magnified. 


to which it belonged ; thus there is little oi* no perceptible difterence 
between their size in the enormous extinct Iguanodon and in the 
smallest lizard now inhabiting the earth. But they bear a close rela- 
tion to the size of the blood-corpuscles in the several classes ; and 
this relation is particularly obvious in the ‘ perennibranchiate ’ 
Batrachia, the extraordinarily large size of whose blood-corpuscles 
will be presently noticed. 
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Proteus . 
Siren 

Menopoma 

Lepidosiren 

Pterodactyle 


Long Diameter 
1-670 to 1-980 
1-290 „ 1-480 
1-450 „ 1-700 
1-375 „ 1-494 
1-445 „ 1-1185 


Short Diameter 
1-885 to 1-1200 
1-540 „ 1-975 
1-1300 „ 1-2100 
1-980 „ 1-2200 
1-4000 „ 1-5225 « 


In preparing sections of bone it is important to avoid the pene- 
tration of the Canada balsam into the interioi* of the lacunae and 
canaliculi, since when these are filled by it they become almost 
invisible. Hence it is preferable not to employ this cement at all, 
except it may be in the first instance, but to rub down the section 
beneath the finger, guarding its surface with a slice of cork or a slip 
of gutta-percha, and to give it such a polish tliat it may be seen to 
advantage even when mounted dry. As the polishing, however, 
occupies much time, the benefit which is dei-ived from covering the 
surfaces of the specimen with Canada balsiun may be obtained 
without the injury resulting from the penetration of the balsam into 
its interior, by adopting the following method. A quantity of 
balsam proportioned to the size of the specimen is to be spread upon 
a glass slip, and to be rendered stifier by boiling, until it becomes 
nearly solid when cold ; the same is to be done to the thin glass 
cover ; next, the specimen being placed on the balsamed surface of 
the slide, and being overlain by the balsamed cover, such a degree of 
warmth is to be applied as will suffice to liquefy the balsam without 
causing it to flow freely, and the glass (‘over is then to be quickly 
pressed down, and the slide to be rapidly cooled, so as to give as 
little time as possible for the penetration of the liquefied balsam into 
the lacunar system. The same method may be employed in making 
sections of teeth. ^ The study of the ossein or organic basis of bone 
should be pursued by macei-ating a fresh bone in dilute nitro-hydro- 
chloric acid, then steeping it foi- some time in pure water, and 
tearing thin shreds from the residual substance, wliich will be 
found to consist of an imperfectly fibrillated materia], allied in its 
essential constitution to the ‘ white fibrous ’ tissue. 

Teeth. — The intimate structure of the teeth in the several classes 
and 01 ‘ders of Yertebrata presents difterences which ai*e no less 
remarkable than those of their external form, ari*angement, and suc- 
cession. It will obviously be impossible here to do more than sketch 
some of the most important of these varieties. The principal part of 
the substance of all teeth is made up of a solid tissue that has been 
appropriately termed dentine. In sharks as in many other fishes 
the general structure of this dentine is extremely similar to 
that of bone, the tooth being traversed by numerous canals, which 
ai*e continuous with the Haversian (^nals of the subjacent bone, and 
receive blood-vessels from them (fig. 754), while each of these canals 

' See Professor J. (^uekett’s memoir on this subject in the Trans. Microsc. Soc. 
ser. i. vol. ii. ; and his more ample illustration of it in the Illustrated Catalogue of 
the Histological Collection in the Museum of the Jioyal College of Surgeons, 
vol. ii. 

2 Some useful hints on the mode of making these preparations will be found in 
the Quart. Joum Microsc. Sci. vol. vii. 1869, p. 258. 
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is surrounded by a systtaji of tubuli (fig. 755), which radiate into 
the surrounding solid siibsta luc. These tubuli, however, do not enter 
lacunie, nor is there any coiuMaitric annular arrangement around the 
medullary canals ; but (\‘u h system of tubuli is continued onwards, 
through its own di\ ision of tlu* tooth, the individual tubes sometimes 
giving off lateral branches, vvddlst in other instances their trunks 
bifurcate. This arrangement is peculiarly well displayed, when 
sections of teeth constructed upon this tvpe ar(‘ \ iewed as oj.aque 
objects (fig. 756). In the teeth of tla* higher Vertebrata, however, 
we usually find the centre excavated into a single cavity (fig. 757), 
and th(' remainder destitute of vascular canals ; but there are inter- 
mediate cases (as in the teeth of the great fossil sloths) in which the 
inner portion of the dentine is traversed by prolongations of this 
cavity, conveying blood-vessels, which do not pass into the exterior 



Fig. 754. — Per|i< ^ i a i section of 
tooth of Lanina, moderately en- 
larged, showing network of me- 
dullary canals. 


Fig. 755.— Transverse section of por- 
tion of tooth oi Fristis, more highly 
magnified, showing orifices of me- 
dullary canals, with systems of 
radiating and inosculating tubuli. 


layers. The tubuli of the ‘ non- vascular’ dentine, which exists by 
itself in the teeth of nearly all mammalia, and which in the elephant 
is known as ‘ ivoiy,’ all radiate from the central cavity, and pass 
towards the surface of the tooth in ;» ueurly parallel course. Their 
diameter at their largest pait averages of an inch; their 

smallest branches are immeasurably fine. The tubuli in their coui'se 
present greater and lesser undulations; the former are few in number, 
but the iattei- are numerous ; and as they occur at the same part of 
the course of several contiguous tubes they give rise to the appearance 
of lines concentric with the centre of radiation. These bsecondaiy 
curvatures ’ probably indicate in dentine, as in the crab’s shell, suc- 
cessive stages of calcification. The tubuli are occupied, during the 
life of the tooth, by deliaite threads of protoplasmic substance, ex- 
tending into them from the central pulp. 

Two other substances, one of them harder and the other softei- 
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than dentine, are frequently found Jissociated with it; the fonuer is 
termed eiumiel^ and the latter cemeiitum or crusta 'peiro^^n . I'le ‘ pu wnipl 
is composed of long prisms, closely resembling those of i la* • prismatic ’ 
shell-substance formerly described, but on a far more minute scale, the 
diameter of the prisms not being more in man than of an 



inch. The length of the prisn 
the layer of enamel ; and tlu^ 
two surfaces of this layer pi*e- 
sent the ends of the prisms, 
the form of which usually ap- 
proaches the hexagonal. The 
course of the enamel prisms is 
more or less wavy, and they 
are marked by numerous trans- 
verse stride, resembling those 
of the prismatic shell-sub- 
stance, and probably origina- 
ting in the same cause — the 
coalescence of a series of sliortei- 
prisms to form the lengthened 


umds with tlu' thickness of 


prism. In man and in air- 7.56.-Tran8ver«e nedion of tooth of 
nivorous animals the enamel Myliohates (eagle ray), viewed as ail 


covers the ci*own of the tooth 
only, with a simple cap or 
superficial layer of tolerably 
uniform thickness (fig. 757, «), 
which follows the surface of 
the dentine in all its inequali- 
ties ; and its component prisms 
are directed at right angles to 
that surface, their inner ex- 
tremities resting in slight but 
regular depressions on the ex- 
terior of the dentine. In the 
teeth of many herbivorous 
animals, however, the enamel 
forms (with the cementum) a, 
series of verticMil plates which 
dip down into the substance 
of the dentine, and present 
their edges alternately with it 
at the grinding surfiice of tlm 
tooth ; and tla‘r(‘ is in such 
teeth no continuous la\'er of 



Fkj. 757.— -Vertical section of human molar 
tooth: (t, enamel; h, cementum or crusta 
pftrosa ; r, dentine or ivory; d, osseous 
excrescence arising from hyian-trophy of 
cementum ; c,pulx>-cavit y ; / , osscous lacun.e 
at outer part of dentinf'. 


enamel over the crown. Tliis 

arrangement provides liy tlu' unetjual irrur ot tli(“s<‘ thrc(' sul> 
stances (of which the (umnud is the linrdest, nnd the c(Mm'nluiii the 
softest) for the const.int ni;i inten.-mee of a rough surhici', :ul:i|)t(‘d to 
ti'itnrntc l h(‘ tough vcgidahh' suhsi nnees on which t lic.^c animals te('d. 
Tliough tilt' (maiiK'l is not always j)r(\sent, it has Ix'cu shown hy Mr. 
Chail(‘s fomes (hat thegfuau from which it is foiain'd al wa \ s a |)p('ai s 
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in tlie ciiil)! \ oiiic* tootli ; mid lu* li:i> fuitiuM- .sliown that it is iiiucli 
more frequently present tlian used to lu* Mqiposed. The ceiuetiPmn, 
or (yi'usta has the eharact(‘r.s of t riu‘ hone, possessing its dis- 

tinctive stellate lacume and radiating eanalicidi. Where it exists 
in small amount we do not find it traversed by nuMlullary canals ; 
])ut, like dentine, it is occasionally furnished with tlumi, and thus 
I'osemldes bono in every pai‘ticular. Thes(* im'diillary canals enter 
its sub.stanc(‘ fi-om the ext (h lor of tlie tooth, and eonse<)ii(‘ntl\ pass 
towards those which radiate fiom tlu* ciaitial cavity in the direction 
of the surface of the dentine, where this possesses a similar vascu- 
larity, as was remarkably the case in the teeth of the great extinct 
MegatJifrh' tu In tin* Iniman tooth, however, the cementum has no 
such vaseulai ity, but forms a thin layer (fig. 757, />), which envelopes 
the root of tla* tooth commiMu ing near the termination of the cap 
of enamel. In the teeth of many herbivorous mammals it dips 
down with the enamel to foim the vertical plat i s of the interim- of 
the tooth ; and in the teeth of tlu^ Edentata, as well as of many 
reptiles and fisluvs, it forms a thick continuous envelope over the 
whole surface, until worn away at the crown. ^ 

Dermal Skeleton. — The skin of fishes, of a few amphibians, of 
most r(‘ptiles. and of few mammals, is strengthened by jdates of a 
horny, cartilaginous, bony, or even enamel-like tixxture. which are 
sometimes fitted together at their edges, s<> ;i'- to foi in .1 continuous 
box-like envelope; whilst mor<‘ commonl} they are so arranged as 
partially to overlie one anotlaa*, like the tiles on a roof; and it is 
in this latter ease that they an- usually known as sralrs. Although 
we an* aecu>t()med to associate in our minds the ‘scales’ of fishes 
with those of reptiles, yet essentially dift'erent structures have been 

included under this name, 
those of the former and of 
many of the lattei* being 
devehqied in the sdbstmice 
of the true skin (with a 
layer of which, in addition 
to the epidennis, they are 
always (•o\(*i‘ed), and bear- 
ing a resemblance to car- 
tilage and bone in their 

Fkj. 758. — Portion of skin of sole, viewed as an f'^'^'turi* and composition ; 

opaque object. wldlst ot hers, such as the 

scales of snakes or the tor- 
toise-shell, are formed upon the surface of the true skin, and are 
to be considered as analogous to nails, hoofs, Ac. and other 'epi- 
dermic appendages.’ In nearly all the existing fishes the scales are 
flexible, being but little consolidated by (*alcareous d(*p()sit; and in 
some species they are so thin and tmuspari-nt that, as they do not 
project obliquely from the surface* of tlu* skin, they can only be 
detected by raising the superficial layer of the skin and searching 

1 The Htudout is recommended to consult Mr. C. S. Tomes’s Ma 7 iu(d oj Dental 
Anatomy^ Human and Comparative. 
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beneath it, or by te.iriii<: oft* the entire tliic kue.s.s of tlu* skin and 
looking for them msir it> under snrfaee. This is tin* cast', foi 
example, with tlu* eomiiHUj and wiih the I'^iviparodH \ of 

either of which lisli the skin is a very int(‘r(‘stin_u ohjeet when dri(Ml 
and moiinted in (Canada l)alsani, the scales being seen ind)edd(Ml in 
its suhstanee. wlnlst its ouhu* surface is studdiMl with pigment-cells. 
Generally speaking, howt'xiu*, the post(‘rioi- extrianity of eacli s(‘al(‘ 
proj(‘cls ohli(jU(‘ly from th(‘ gemu-al '^urfae(^ ea i eying before it tla‘ 
thin membrane that inelosivs it, whieli is studded with pigment' 
cells; and a portion of the skin of almost any fish, but especially of 
such as have scales of the cionohl kind (that is, furnished at fluur 
])osterior extremities with eomh-like teeth, fig. 759), when dritMl 
with its .scales in fiitu, is a \(‘ry h(‘aufifu1 opaijue obj(‘ct for tlu' low 
jiowers of the microseojie (lig. 758), ('spivially with the binocular 
arrangenuuit. Care nnist be taken, however, that the light mad(‘ 
to glance uj)on it in the most advan- 
tageous manner, .since tlu' brilliance with 
which it is reflected from tlu* comb-like 
])rojections entirely drpends upon the 
angle at which it falls upon them. The 
only ap])earance of .structure exhibited by 
the thin flat scale of the <h‘ 1, when t‘x- 
amined microscopically, is tla* pr<‘sonce of 
a layer of i.solatcsl sph(‘roidal tran.spar(*nt 
])odies, imh»‘dd(Ml in a plat(‘ of like trans- 
parence; the.se, from the ri‘.s(‘arclu*s of 
lh*ote.s.sor W. 0. Williamson ’ u[)on otlua* 
scales, appear not to he cells (as the\ 
might readily he supposed to )k‘), hut con- 
cretions of carbonate of lime. Wlaai t ho 
.scale of the eel is examined by polarised 
light its sui‘fac(^ exhibits a beautiful 8t. 

Andrew’^ cross ; jind if a )ilate of selenite 

is ])laced hehind it, and the analysing as a transparent object, 
pri.sm he made to revolve, a remarkable 
})lay of colours is presente<l. 

In studying the .structuri' of the iuoim^ highly developed scab's, 
we may take as an illustration that of tlu* carp, in which two \t‘rv 
distinct layfU’s can Ix' madi* out !)\ a \'crfical sc'ction. with a third 
hut incomplete la\(‘r iiiferpo.sed liot .Neeii tlaan. Tlu* oiitt'rlau'r is 
composed of several eoncent.rie lamiiue of a .structurele.ss trans- 
parent substance like that of cartilage; the oiitermo.st of the.se 
lamime is the .smalle.st, and the si/e of tin' jilates increa.si'^ pro 
gressively from without imvards, .so that tht'ir margins ap|u*a r 011 th<“ 
.surface as a series of coneeiitrie lines ; and tlieir .snrfaci's are thrown 
into ridges and furrows, which eounnonl\ havi* a ladiating (lirix'tion. 
The inner la\er is eompo.sed of numerous lamina' of a lilirou^ 

^ See his elaborate ineinous, ‘On the Mierosc opu Stiuetuie of tlu‘ Scales ami 
Dermal Teeth of some OanoKl audPlacoid Fish,’ in }*hd. 'I'rcms 1849 ; and ‘ Iinesti 
ifations into the Structure and De\ elopmciil of the Scale.s and Bones of Fislu*^,’ in 
r/nl 'I’KUib. 1851 . 
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structure, the fibres of each lamina being inclined at various angles 
to those of the lamina above and below it. Between these two layers 
is interposed a stratum of calcareous concretions, resembling those 
of the scale of the eel ; these are sometimes globular or spheroidal, 
but more commonly ‘ lenticular,’ that is, having the form of a double 
convex lens. The scales which resemble those of the carp in having 
a form more or less circular, and in being destitute of comb-like 
prolongations, are Citlled cycloid ; and such are the characters of 
those of the salmon, lierring, roach, Ac. The structure of the ctenoid 
scales (fig. 759), which we find in the sole, perch, pike, Ac., does not 
differ essentially from that of the cycloid, save as to the projection 
of the comb-like teeth from the posterior margin ; and it does not 
appear that the sti’ongly marked division which Professor Agassiz 
has attempted to establish between the ^ cycloid ’ and the ^ ctenoid ’ 
orders of fishes, on the basis of this difference, is in harmony 
with their general organisation. Scales of every kind may become 
consolidated to a considerable extent by the calcification of their 
soft substance ; but they never present any approach to the true 
bony structure, such as is shown in the two orders to be next ad- 
verted to. 

In the ganoid scales, on the other hand, the whole substance of 
the scale is composed of a material which is essentially bony in its 
nature, its intimate stmctui e being always compai able to that of one 
or other of the varieties which present themselves in the bones of the 
vertebrate skeleton, and being very frequently identical with that 
of the bones of the Sfime fish, as is the case with the Lepidosteus (fig. 
753), one of the few existing representatives of this order, which, in 
former ages of the earth’s history, comprehended a large number of 
important families. Their name (from ydroQ, splendour) is bestowed 
on account of the smoothness, hardness, and high polish of the outer 
surface of the scjiles, which are due to the presence of a peculiar layer 
that has been likened to the enamel of teeth. The scales of this 
order are for the most part angular in theii* form, and are arranged 
in regular rows, the posterior edges of each slightly overlapping the 
anterior ones of the next, so as to foi-m a very complete defensive 
ai'mour to the body. The scales of the placoid type, which charac- 
terise the existing sharks and rays, with their fossil allies, are 
irregular in their shape, and very commonly do not come into mutual 
contact, but are separately imbedded in the skin, projecting from its 
surface under various forms. In the rays each scale usually consists 
of a flattened plate of a rounded shape, with a hai*d spine projecting 
from its centre ; in the sharks (to wliich tribe belongs the ‘ dog-fish ’ 
of our own coast) the scales have moi*e of the shape of teeth. This 
resemblance is not confined to external form ; for their intimate 
structure strongly resembles that of dentine, their dense substance 
being traversed by tubuli, which extend from their centre to their 
circumference in minute ramifications, without any trace of osseous 
lacunje. These tooth-like scales are often so small as to be invisible 
to the naked eye ; but they are well seen by drying a piece of the skin 
to which they are attached, and mounting it in Canada balsam ; and 
they are most brilliantly shown by the assistance of polarised light. 
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A like structure is found to exist in the ‘ spiny rays ’ of the dorsal fin, 
which, also, are parts of the dermal skeleton ; and these rays usually 
have a central cavity filled with medulla, from which the tubuli 
radiate towards the circumference. This structure is very well seen 
in thin sections of the fossil ‘ spiny rays/ which, with the teeth and 
scales, are often the sole relics of the vast multitudes of sharks that 
must have swarmed in the ancient seas, their cjirtilagiiious internal 
skeletons having entirely dectiyed away. In making sections of bony 
scales, spiny rays, &c. the method must be followed whicli has been 
already detailed under the head of l)oiie.^ 

The scales of reptiles, the feathers of birds, and the hairs^ hoofs, 
nails, claws, and horns (when not bony) of mammals are all epi- 
dermic appendages ; that is, they are produced upon the surface, not 
within the substaru^e of the true skin, and are allied in sti'ucture to 
the epidermis, being essentially composed of aggregations of cells 
filled with horny matter’ and frequently much altered in form. This 
structure may generally be made out in horns, nails, etc. with little 
difficulty by treating thin sections of them with a dilute solution of 
soda, which after a short time causes the cells that had been 
flattened into scales to resume their globular form. The most 
interesting modifications of this structure are })resented to us in 
hairs and in feathers ; which forms of clothing are very similar to 
each other in their essential nature, and are developed in the same 
manner — viz. by an increased production of epidermic cells at the 
bottom of a flask-shaped follicle, which is formed in the substance 
of the true skin, and which is supplied with abundance of blood 
by a special distribution of vessels to its walls. When a hair is 
pulled out ^ by its root,’ its base exhibits a bulbous enlargement, 
of which the exterior is tolei*ably fii-m, whilst its interior is occu- 
pied by a softer substance, which is known as the ‘ })ulp ; ’ and it 
is to the continual augmentation of this pulp in the deeper part 
of the follicle, and to its conversion into the peculiar substance of 
the hair when it has been pushed upwards to its narrow neck, that 
the growth of the hair is due. The same is true of feathers, the stems 
of which are but hairs on a larger scale ; for the ‘ quill ’ is the part 
contained within the follicle answering to the ‘ bulb ’ of the hair ; 
and whilst the outer part of this is converted into the peculiarly solid 
horny substance forming the ‘ barrel ’ of the quill, its interior is 
occupied, during the whole period of the growth of the feather, with 
the soft pulp, only the shrivelled remains of which, however, are 
found within it after the quill has ceased to grow. 

Although the hairs of difterent mammals differ greatly in the 
appearances they present, we may genei-ally distinguish in them 
two elementary parts — viz. a cmdical or investing substance, of a 
dense horny texture, and a medullary or pith -like substance, usually 
of a much softer texture, occupying the interior. The former can 

1 For further information regarding the scales of fishes, see the papers by 0 
Hertwig in vol. viii. of the Jenaische Zeitschrift, and vols. ii. and v. of the 
Morpholog. Jahrhuch. A condensed summary of our knowledge, from the more 
recent standpoint, will be found in Dean’s Fishes, Living and Fossil (New York, 
1895), pp. 28-6 



1030 


VERTEBRATED ANIMALS 


sometimes be distinctly made out to consist of flattened scales 
arranged in an imbricated manner, as in some of the hairs of the 
sable (fig, 760) ; whilst in the same hairs, the medullary substance 
is composed of large spheroidal cells. In the musk deer, on the 
other hand, the cortical substance is nearly undistinguishable, and 



Fig. 760. — Hair of sable, showing large 
rounded cells in its intenoi , covered 
by imbricated scales or flattened colls 



Fkj. 7<>1 - -Hair of musk-deer, consist- 
ing almost entirely of polygonal cells. 


almost the entire liair seems made up of thin -walled polygonal cells 
(fi.g. 761). The hair of the reindeer, though much larger, has a very 
similar structure ; and its cells, except near the root, are occupied 
with hair alone, so as to seem black by transmitted light, except 
when penetrated by the fluid in which they are mounted. In the 
hair of the mouse, squirrel, and other small rodents (fig. 762, A, B), 

the cortical substance forms a 


B 


C 


tube, which we see crossed at 
intervals by partitions that 
ai'(^ sometimes complete, 
.sometimes only partial ; 
these are the walls of the single 
or double line of cells, of which 
the medullary substance is made 
up. The hairs of the bat tribe 
are commonly distinguished by 
the projections on their surface, 
which ai*e formed by extensions 
of the component scales of the 
cortical substance : tliese are 
particularly well seen in the 
hairs of one of the Indian 
species, which has a set of 
whorls of long narrow leaflets 
(so to speak) arranged at 
regular intervals on its stem (C). In the hair of the peccary (fig. 763) 
the cortical envelope sends inwards a set of radial prolongations, the 
interspaces of which are occupied by the polygonal cells of the medul- 
lary substance ; and this, on a larger scale, is the structure of the 
* quills ’ of the porcupine, the radiating partitions of which, when seen 
through the more transparent parts of the coi*tical sheath, give to 


Fig. 762. — A, small hair of squirrel ; B, large 
hair of squirrel ; C, hair of Indian bat. 
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the surface of the latter a fluted appearance. The hair of the ornitho- 
rhynchus is a very curious object ; for whilst the lower part of it 
resembles the fine hair of the mouse or squirrel, this thins away and 
then dilates again into a very thick fibre, having a centi*al portion 
composed of polygonal cells, inclosed in 
a flattened sheath of a bi‘own fibrous 
substance. 

The structure of the human hair is 
in certain respects peculiar. When its 
outer surface is examined, it is seen to 
be traversed by irregular lines (fig. 764, 

A), which are most strongly mai-ked in 
foetal hairs ; and these are the indications 
of the imbricated arrangement of the 
flattened cells or scales which form the cuticular layer. This 
layer, as is shown by transverse sections (0, D), is a very thin 
and transparent cylinder ; and it incloses the peculiar fibrous sub- 
stance that constitutes tlie principal part of the shaft of the hair. 
The constituent fibres of the substance, which ai'e marked out by 
the delicate strife that may be ti*aced in longitudinal sections of the 
hair (B), may be separated from each other by crushing the hair, 
especially after it has been macerated for some time in sulphuric 
acid ; and each of them, when completely isolated from its fellows, 
is found to be a long spindle-shaped cell. In the axis of this fibrous 
cylinder there is very commonly a band which is formed of spheroidal 



Fig. 7(>8. — Transverse section 
of hair of peccary. 


A B 



Fig. 7G4. — Structure of human hair : A, external surface of the shaft, show- 
ing the transverse stria? and jagged boundary caused by the imbrications of 
the cuticular layer ; B, longitudinal section of the shaft, showing the 
fibrous character of the cortical substance, and the arrangement of the 
pigmentary matter ; C, transverse section, showing the distinction be- 
tween the cuticular envelope, the cylinder of cortical substance, and the 
medullary centre; D, another transverse section, showing deficiency of 
the central cellular substance 


(^ells ; but this ‘ medullary ’ substance is usually deficient in the fine 
hairs scattered over the general surface of the body, and is not 
always present in those of the head. The hue of the hair is due 
partly to the presence of pigmentai-y granules, eithei* collected into 
patches or difiused through its substance, but partly also to the 
existence of a multitude of minute air-spaces, which cause it to 
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appear dark by transmitted and white by reflected light. The cells 
of the medullary axis in particular are very commonly found to 
contain air, giving it the black appearance shown at C. The 
difference between the blackness of pigment and that of air-spaces 
may be readily determined by attending to the characters of the 
latter as already laid down, and by watching the effects of the 
penetration of oil of turpentine or other liquids, which do not alter 
the appeai'ance of pigment spots, but obliterate all the markings 
produced by air-spaces, these returning again as the hair dries. In 
mounting hairs as mici’oscopic preparations they should in the first 
instance be cleansed of all their fatty matter by maceration in 
ether, and they may then be put up either in weak spirit or in 
Canada balsam, as may be thought i)referable, the former menstruum 
being well adapted to display the characters of the finer and more 
transpai’ent hairs, while the latter allow the light to penetrate more 
i*eadily through the coarser and more opaque. Transvei'se sections 
of hairs are best made by glueing or gumming several together and 
then putting them into the microtome ; those of human hair may 
be easily obtained, however, by shaving a second time, very closely, 
a part of the surfiice over which the i*azor has already passed more 
lightly, and by picking out from the lathei*, and carefully washing, 
the sections thus taken off.^ 

The stems of feathers exhibit the siime kind of structure as hairs, 
their corticnl portion being the horny sheath that envelopes the 
shaft, and their medullary portion being the pith -like substance 
which that sheath includes. In small feathers this may usually be 
made veiy plain by mounting them in Canada balsam ; in large 
feathers, however, the texture is sometimes so altei‘ed by the drying 
up of the pith (the c;ells of which are always found to be occupied 
by ail* alone) that the cellular structure cannot be demonsti*ated 
save by boiling thin slices in a dilute solution of potass, and not 
always even then. In small feathers, especially such as have a 
downy character, the cellular structure is vei*y distinctly seen in the 
lateral harhs. which are sometimes found to be composed of single 
files of pear-shaped cells, laid end to end ; but in larger feathers 
it is usually necessary to increase the transparence of the barbs, 
especially when these are thick and but little pei vious to light, 
either by soaking them in turi)entine, mounting them in Canada 
balsam, oi* boiling them in a weak solution of potass. In feathers 
which are destined to strike the air with great force in the act of 
flight, we find each bai*b fringed on either side with slender flattened 
filaments or ‘ barbules ; ’ the barbules of the distal side of each bail) 
ai*e furnished on their attached half with curved hooks, whilst those 
of the proximal side have thick turned-up edges in their median 
portion ; as the two sets of barbules that spring from two adjacent 
bai*bs cross each other at an angle, and as each hooked barbule of 
one locks into the thickened edge of several barbules of the other, 
the barbs are connected very firmly, in a mode very similar to that 

1 On the minute structure of hair, consult Grimm’s Atlas der menschlichen nnd 
tieriachen Haare (Lahr, 1884, 4to, with a preface by W. Waldeyer). 
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in which the anterior and posterior wings of certain hymenopterous 
insects ai‘e locked together. Feathers or portions of feathers of 
birds distinguished by the splendour of their plumage are very good 
objects for low magnifying powers when illuminated on an opaque 
ground ; but c;are must be taken that the light falls upon them at 
the angle necessary to produce their most brillitint reflection into 
the axis of the microscope; since feathers which exhibit the most 
splendid metallic lustre^ an ()])s(^rver at one point may seem v(n \ 
dull to the eye of another in a diflerent position. The small feathers 
of humming-birds, portions of the feathers of the peacock, and 
others of a like kind, are well worthy of examination ; and the 
scientific microscopist, who is but little attracted by dk ih' gorgeous- 
ness, may well apply himself to the discovery of the peculiar 
structure which imparts to these objects their most remarkable 
character.^ 


Sections of horns, hoofs, claws, and other like modifications of 
epidermic structure — which can be easily made by the microtome, 
the substance to be cut having been softened, if necessary, by soaking 
in warm water — do not in general afford any very interesting 
features when viewed in the ordinary mode ; but there are no objects 
on which polarised light produces more remarkable eftects, or which 
display a more beautiful variety of colours when a plate of selenite is 
placed behind them and the analysing prism is made to rotate. A 



curious modification of the 
ordinary structure of horn is 
presented in the appendage 
borne by the rhinoceros upon 
its snout, which in many 
points resembles a. bundle of 
hairs, its substance being 
arranged in minute cylinders 
around a number of separate 
centres, which have probably 
been formed by independ- 
ent papilhe (fig. 765). When 
transvei'se sections of these 
cylinders are viewed by [)olai*- 
ised liffht, each of them is 


seen to be marked by a cross, Fig. 765.— Transverse section of horn of 
somewhat resembling that of rhinoceim viewed by polarised light. 


starch-grains; and the light 

and shadow of this (uoss are repl;ie(Ml by contrasted colours when 


the selenite jdate is interposed. The substance commonly but erro- 
neously termed whalebone, which is formed from the surface of the 
membrane that lines the mouth ot the whale, and has no relation 


to its true bony skeleton, is almost identical in structure with 
rhinoceros-horn, and is similarly affected by polarised light. The 
central portion of eacli of its component threads, like the medullary 


‘ See R. S. Wray, ‘ On the Structure of the Barbs, Barbules, and Barbieels of a 
typical Pennaceous Feather,’ in the Ibis for 1887, p. 420. 
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substance of haii*s, contains cells that have been so little altered as 
to be easily recognised ; and the outer or corticsd portion also may 
be shown to have a like structure by macerating it in a solution of 
potass and then in water. Sections of any of the liorny tissues are 
best mounted in Canada balsam. 

Blood. — Carrying our microscopic survey, now, to the elementary 
parts of which those softer tissues are made up that are subservient 
to the active life of the body rather than to its merely mechanical 
requirements, we shall in the first place notice the isolated floating 

cells conhiined in the blood, 
which are known as blood-cor- 

[>usck‘s. These are of two 

kinds: the ‘red’ and the 
1 jH ‘ white ’ or ‘ colourless.’ The 

red present, in every instance, 

^ the form of a flattened disc, 

which is circular in man and 
most }nanimalia (flg. 767), but 
0 is oval in birds, reptiles (fig. 

Fig. 76G.— Bed corpuscles of frog’s blood. 7()6), and fishes, as also in a 
art, their flattened face ; particle turned mammals (all belonging to 

nearly edgeways; c, colourless coiimscle ; , frihel In the one 

red corpuscles altered by ddnted acetic tnecame il Dtj. Ill uie Olie 

acid. form as in the other, these 

corpuscles seem to be flattened 
cells, the walls of which, how- 
^ ever, are not distinctly dif- 

^ ^ ferentiated from the ground 

(1^ substance they contain, as 

^ appears from the changes of 

^ form which they sjiontaneously 

undergo when kept by means 
^ ^ warm stage ’ at a tem- 

peratin*e of about 100° F., and 
Fig, 767. —Red corpuscles of human blood, effects of pressure in 

represented at a, as they are seen when ^ mi i 

rather within the focus of the microscope; breaking them up. ihe red 
and at 6, as they appear when precisely in corpuscles in the blood of 
the focus. oviparous Yertebrata are dis- 

tinguished by the presence of a 
central spot or nmleas ; this is most distinctly brought into view 
by treating the blood-discs with acetic acid, which ciiuses the nucleus 
to shrink and become more ojiaque, whilst i*endering the remaining 
portion extremely transparent (fig. 766, d). By examining un- 
altered red corpuscles of the frog or newt under a sufficiently higli 
magnifying power the nucleus is seen to be traversed by a network 
of filaments, which extends from it throughout the ground sub- 
stance of the corpuscle, constituting an intracellular reticulation. 
The red corpuscles of the blood of mammals, howevei*, possess no 
distinguishable nucleus, the dark spot which is seen in their centre 
(fig. 767, h) being merely an eftect of refraction, consequent ujjon 
the double concave form of the disc. When these corpuscles are 
treated with water, so that their form becomes first flat and then 


t-cP' 



BLOOD-CORPUS(JLKS 


1035 


double convex, the dark spot disfii)pears ; whilst, on the other hand, 
it is made more evident when tlie concavity is increavsed by the 
partial shrinkage of the corpuscles, wliich may be bi*ought about 
by treating them with fluids of greater density than their own sub- 
stance. When floating in a sufliciently thick sti’atum of blood 
drawn from the body, and placed under a cover-glass, the red 
corpuscles show a mai*ked tendency to approach one another, adher- 
ing by their discoidal surfaces so as to present the inspect of a pile 
of coins ; or, if the stratum be too thin to admit of this, partially 
overlapping, or simply adhei’ing by their edges, which then become 
polygonal instead of cii'culai*. The size of the red corpuscles is not 
altogether uniform in the same blood ; thus it varies in that of man 
from about the 4 o^^th to the „th of an incli . But we generally find 
that there is an average size, which is pretty constantly maintained 
among the different individuals of the same species ; that of man may 
be stated at about j/^^^th of an inch. The following table ' exhibits 


MAMMALS 


Man . 

. 1-3200 

Camel . 

1-3254, 1-5921 

Dog . 

. 1-3542 1 

Llama . 

1-3361, 1-6294 

Whale 

. 1-3099 1 

Javan chevrotairi . 1-12325 

Elephant . 

. 1-2745 : 

Caucasian goat 

1-7045 

Mouse 

. 1-3814 1 

Two-toed sloth 

1-2865 


BIRDS 


Golden eagle 

1-1812, 1-3832 

Ostrich . 

1-1649, 1-3000 

Owl 

1-1830, 1-3400 

Cassowary 

1-1455, 1-2800 

Crow 

1-1961, 1-4000 ' 

Heron 

1-1913, 1-3491 

Dlue-tit . 

1-2313, 1-4128 

Fowl 

1-2102 1-3466 

Parrot 

. 1-1898, 1-4000 

Gull 

1-2097, 1-4000 


REPTILES AND 

BATRArUiA 


Turtle 

1-1231, 1-1882 

Pkog 

1-1108, 1-1821 

Crocodile 

. 1-1231, 1-2286 

Water- newt 

1-8014, 1-1246 

Green lizard 

. 1-1555, 1-2743 

Siren 

1-420, 1-760 

81ow-worm 

. 1-1178, 1-2666 

Proteus . 

1-400, 1-727 

Viper 

1-1274, 1-1800 

Amphiuma 

1_345, 1-561 


FISHES 


Perch 

. 1-2099, 1-2824 

Pike 

1-2000, 1-3555 

Carp 

. 1-2142, 1-3129 

prei . 

1-1745, 1-2842 

Gold-fish 

. 1-1777, 1-2824 

Gymnotus 

1-1745, 1-2599 


the average dimensions of some of the most interesting examples of 
the red corpuscles in the four classes of vertebrated animals, expressed 
in fractions of an inch. Where two measui’ements ai*e given they 
are the long and the short diameters of the s^ime corpuscles, (See also 
fig. 768.) Thus it appears that the smallest red corpuscles known 
are those of the Javan chevi^otain {Tragulm javanicas)^ whilst the 
largest are those of that cuiioiis gi’oup of Batrachia, (frog tribe) which 

1 These measurements are chietiy selected from those given by Mr. Gulliver in 
his edition of Hewson’s WorkSy p. 2B6 et seg. 
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retain the gills through the whole of life ; one of the oval blood- discs 
of the Proteus, being more than thirty times as long and seventeen 
times as broad as those of the musk-deei*, would cover no 
fewer than 510 of them. Those of the Amphiuma are still larger.^ 
According to the estimate of Vierordt, a cubic inch of human 
blood contains upwards of eighty \ ^nillions of red corpuscles and 
nearly a quarter of a milUoti of the colourless. 

The tohite or ‘ colourless ’ corpuscles are more readily distinguished 

in the blood of batriichians 
than in that of man, 
being in the former case 
of much smaller size, as 
well as having a circular 
outline (fig. 766, c ) ; whilst 
in the latter their size and 
contour are so nearly the 
same that, as the red cor- 
puscles themselves, when 
seen in a single layer, have 
but a very pale hue, the 
deficiency of colour does 
not sensibly mark their 
difference of nature. The 
pi*o])ortion of irh/ite to red 
cor])uscles being scarcely 
even greater (in a healthy 
man) than 1 to 250, and 
often as low as from one 
half to one quarter of that 
ratio, there art' seldom 
many of them to be seen 
in the field at once ; and 
these may be recognised 
rather by their isolation 
than their colour, espe- 
Fig. 768. Comparative sizes of red blood cor- cially if the <dass cover be 
puscles: 1, man; 2, elephant; 3, musk-deer; xr ri 

4, dromedary; 5, ostrich; (5, pigeon; 7, humming- ^ little on the slide, 

bird ; 8, crocodile ; 9, iiython ; 10, proteus ; 11, as to cause the red COr- 

perch , 12, pike ; 13, shark. puscles to become aggrega- 

ted into rows and irregular 
maj^es. It is remarkable that, not witlisfiin ding the great variations 
in the sizes of the red corpuscles in different species of vertebrated ani- 
mals, the size of the white is extremely constant throughout, their dia- 
meter being seldom much greater or less than Wiroth of an inch in the 
warm-blooded classes and ^^Vo.th in reptiles. Their ordinary form 
^^ 1 , • V their aspect is subject to considerable variations, 

which seem to depend in great part upon their phase of development. 


1 A very interesting account of the * Structure of the Red Corpuscles of the 
A7nphiumatndactylu7n ’ has been given by Dr. H. D. Schmidt, of New Orleans, in 
the Journ. Roy. Mtcrosc. Soc. vol. i. 1879, pp. 57, 97. 
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Thus, in their early state, in which they seem to be identical with 
the corpuscles found floating in* chyle and lymph^ they seem to be 
nearly homogeneous particles of protoplasmic substance, but in 
their more advanced condition, according to Dr. Klein, their sub- 
stance consists of a reticulation of very fine contractile proto- 
plasmic fibres, termed the ‘ intracellular network,’ in the meshes of 
which a hyaline interstitial material is included, and which is con- 
tinuous with a similar network that can he discerned in the substance 
of the single or double nucleus when this comes into view after the 
withdrawal of these corpuscles from the body. In their living state, 
however, whilst circulating in the vessels, the white corpuscles, 
although clearly distinguishable in the slow-moving stratum in 
contact with their walls (the red corpuscles lushing rapidly 
through the centre of the tube), do not usually show a distinct 
nucleus. This may be readily brought into view by treating 
the corpuscles with water, which causes them to swell up, 
become granular, and at last 
disintegrate, with emission of 
gi'anules which may have been 
previously seen in active mole- 
cular movement within the 
corpuscle. When the white 
corpuscles in a drop of freshly 
drawn blood are carefully 
watched for a short time, they 
may be observed to undergo 
changes of foi*m, and even 
to move from place to place, 
after the manner of Amcehce. 

When thus moving they p,,. 7 ,.., 

engulf particles which lie an liour after having been drawn from the 
in their course — such as 
granules of vermilion that 

have been injected into the blood-vessels of the living animal — and 
afterwards eject these in the like fashion.^ Huch movements will 
continue for some time in the (colourless coi'puscles of cold-blooded 
animals, but still longer if they are kept in a temperature of about 
75^. The m(jvement will speedily come to an end, however, 
in the white corpuscles of man or other w^arm-blooded animals, 

I Metschnikoff has made the highly interesting and important observation that the 
immunity of certain animals to certain diseases appears to be due to the power that the 
white corpuscles possess of acting as ‘ phagocytes,’ or eating the germs of the disease, 
Metschnikoff found that the virulent rods of the BavilhiH of anthrax ‘when intro- 
duced by inoculation into an animal liable to take the fever, such as a rodent, were 
absorbed by the blood-cells only m excejitioiial instances. They were readily absorbed 
by the blood-cells of animals not liable to the disease, as frogs and lizards, when the 
temperature was not artificially raised (fig. 770), and then disappeared inside the 
cells. . . . From all these data we must assume with Metschnikoff that the Bacillus 
is harmless because it is absorbed and destroyed by the blood-cells, and injurious 
because this does not happen ; or at least that it becomes harmless if the destruction 
by the blood-cells takes place more rapidly, and to a greater extent than the growth 
and multiplication of the Bacillus, the converse being also true ’ (see A. de Bary, 
On English edition, p. 186). The imiiortance of phagocytes is becoming 

more and more recognised by the pathologist. 
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unless the slide is kept on a warm stage at the temperature 
of about 100° F. A remarkable example of an extieme change of 
form in a white corpuscle of human blood is represented in fig. 769. 
Similar changes have been observed also in the corpuscles floating in 
the circulating fluid of the higher- invei-tebrata, as the crab, which 
resemble the ‘ white ' corpuscles of vertebrated blood, rather- than 
its ‘red ’ corpuscles — these last, in fact, being altogether peculiar to 
the circulating fluid of vertebrated animals. 

In examining the blood micr-oscopically it is, of course, impor- 
tant to obtain as thin a str-atum of it as possible, so that the cor- 
puscles may not overlie one another. 
This is best accomplished by selecting 
a piece of thin glass of perfect flat- 
ness. and then, having received a 
small drop of blood upon a glass 
slide, to lay the thin glass cover ')tot 
upon this, but with its edge just 
touching the edge of the dr-op : for 
the blood will tlieu be drawn in by 
capillar y attraction, so as to spread 
unifoi-mly thin layer between 
the two glasses. Such thin films 
may be pr-esei-ved in the licpiid stat(‘ 
by applying a cover* glass and ce- 
menting it with gold-size before 
evaj)oration has taken place ; but it 
the (h-op to the vapour of osrriic 
acid, and then to apply a drop of a weak solution of acetate of 
potass; after which a cover glass may be put on, and secui’cd 
with gold-size in the usual way. It is far simpler, however, 
to allow sitch filnrs to dr-y without arry cover, and then merely to 
cover them for protection ; and in this condition the gerreral 
characters of the corpuscles can be very well made out, notwith- 
standing that they have in some degr-ee been shi-i veiled by the 
desiccation they have under-gorre. This nrethod is par tic-ularly ser*- 
viceable as affording a fliir rrreans of compai-ison, when the assist- 
ance of the microscopist is sought in determinirrg, for medico-legal 
purposes, the source of suspicious blood-stains, the average dimen- 
sions of the dried blood -corpuscle of the several domestic animals 
being sufficiently diffei-ent from each other, and from those of man, 
to allow the nature of any specimen to be i)ronounced upon with a 
high degree of probability.^ 

Simple Fibrous Tissues.— A very beautiful example of a tissue of 
this kind is furnished by the membrane of the common fowl’s egg; 
which (as may be seen by examining an egg whose shell remains 
soft for want of consolidation by calcareous particles) consists of two 
principal layers, one serving as a basis of the shell itself, and the 
other forming that lining to it which is known as the memhrana 


Fig. 770. — g, blood-ccll of a frog in 
the act of engultiug a rod of 111 
BaciUuHanthraciSy observed in the 
living state in a drop of aqueous 
humour ; 5, the same a few minutes 
later. (After Metsehiukoff ; highly 
magnified.) 


is preferable first to 


expose 
a 


I This is a matter which has given rise to much discussion among experts. See 
Pruc. Amer. Micr. Soc. xiv. (1893), pp. 91-120 
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pata/iiiinis. Tlie latter may be sejmrated by careful tearing with 
needles and forceps, after prolonged maceration in water, into several 
matted lamelbe resembling that represented in fig. 771 ; and similar 
lamelhe may be readily obtained from the shell itself by dissolving 



away its limc‘ by dilute acid. The simj)ly fibi'ous structures of the 
body generally, however, belong to oik' of two very definite kinds of 
tissue, the ‘ white ’ and the ^ yellow,’ whose appearance, composition, 
and properties arc^ very difterent. The tohite 
fibrous tissue, thougli sometimes a})})arently 
composed of distinct fibres, more commonly 
presents the }us])ect of bands, usually of a fiat- 
tened form, and attaining the breadth of */joth 
of an inch, whicli are marked V)y numerous 
longitudiiml streaks, but can seldom be torn u}) 
into minute fibres of determinate size. The 
fibres and bands ai*e occasionally somewhat 
wavy in their direction ; and they have a ])ecu- 
liar tendency to fall into undulations, when it is 
attempted to tear them apart from each othei* 

(fig. 772). This tissue is easily distinguished 
from the other by the eftect of acetic acid, 
which swells it up and renders it ti*anspai‘ent, 
at the same time bringing into view certain 
oval nuclear particles of ‘ germinal matter,’ 
which are known as ‘connective tissue cor- 
puscles.’ These are lelatively much larger, and 
their connections more distinct, in the earliei* 
stages of the formation of this tissue (fig. 773). 

It is perfectly inelastic ; and we find it in such 
parts as tendons, ordinary ligaments, fibrous 

capsules, &c. whose function it is to resist tension without yielding 
to it. It constitutes, also, the oiganic basis or matrix of bone ; for 
although the substa nee which is left when a bone has been macerated 
sufficiently long in dilute acid for all its mineial components to be 



Fig. 773. — Portion of 
young tendon, show- 
ing the corpuscles 
of ‘germinal matter,’ 
with their stellate 
prolongations, inter- 
jiosed among its fibres . 
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removed is commonly designated as cartilage, this is shown by 
careful microscopic analysis not to be a correct desci*iption of it, 
since it does not show any of the chai*acteristic structure of car- 
tilage, but is capable of being torn into lamelhe, in which, if suf- 
ficiently thin, the ordinary structure of a fibrous membi*ane can be 
distinguished. The yelloio fibrous tissue exists in the form of long, 
single, elastic, branching filaments, with a dark decided border ; 
which are disposed to curl when not put on the stretch (fig. 774), 
and frequently amistomose, so as to form a network. They are for 
the most part between loiooth of an inch in diameter ; 

but they are often met witli both larger and smaller. This tissue 
does not undergo any change when treated with acetic acid. It 
exists alone (that is, without any mixture of the white) in parts 
which require a peculiar elasticity, such as the middle coat of the 
arteries, the ^ vocal cords,’ the ‘ ligamentum nucha? ’ of quadrupeds, 

the elastic; ligament which 
holds together the valves of 
a bivalve shell, and that by 
which the claws of the feline 
tribe are retracted when 
not in use ; and it enters 
largely into the composition 
of areolar or connective 
tissue. 

The tissue formerly 
known to anatomists as 
‘ cellular,’ but now more 
])roperly designated connec- 
tive or areolar tissue, con- 
sists of a network of minute 
fibi'es and bands which are 
interwoven in every direction, so as to leave innumerable areolm or 
little spaces that communicate freely with one another. Of these 
fibres some are of the ‘ yellow ’ or elastic kind, but the majority are 
composed of the ‘ white ’ fibrous tis.sue ; and, as in that form of ele- 
mentary structure, they frequently present the condition of broad 
flattened bands or membranous shreds in which no distinct fibrous 
arrangement is visible. The proportion of the two forms varies, 
accorcling to the amount of ehxsticity, or of simple resisting power, 
which the endowments of the part may require. We find this tissue 
in a very large proportion of the bodies of higher animals ; thus it 
binds together the ultimate muscular fibres into minute fasciculi, 
unites these fasciculi into larger ones, these again into still larger 
ones which are obvious to the eye, and these into the entii*e muscle ; 
whilst it also forms the membranous divisions between distinct 
muscles. In like manner it unites the elements of nerves, glands, 
t^c., binds together the fat-cells into minute masses (fig. 780), these 
into large ones, and so on ; and in this way penetrates and forms 
part of all the softer organs of the body. But whilst the fibrous 
structures of which the ‘ formed tissue ’ is composed have a purely 
mechanical function, there is good reason to regard the ‘ connective 



Fig. 774. — Yellow fibrous tisKiie from liga- 
meiitum nuchie of calf. 
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tissue corpuscles ’ which are everywhere dispersed among them, as 
having a most important function in the first production and sub- 
sequent maintenance of the more definitely organised portions of 
the fabric. In these corpuscles distinct moveymnts, analogous to 
those of the saicodic extensions of rhizopods, have been recognised 
in transparent parts, such as the cornea of the eye and the tail of 
the young tadpole, by observations made on these pai-ts whilst living. 
For the display of the characters of the fibrous tissues small and 
thin threads may be cut with the curved 
scissors from any part that affords 
them ; and these must be torn asunder 
with needles under the simple micro- 
scope, until the fibres are separated to 
a degree sufficient to enable them to 
be examined to advantage undei* a 
higher magnifying power. The differ- 
ence between the ‘white’ and the 
‘ yellow ’ components of connective tissue 
is at once made aj)parent by the effect 
of acetic acid ; whilst the ‘ connec- 
tive tissue corpuscles ’ are best dis- 
tinguished by the staining process, 
especially in the early stage of the 
formation of those tissues (fig. 773), 

Skin ; Mucous and Serous Mem- 
branes. — The skin, which forms the ex- 
ternal envelope of the body, is divisible 
into two principal layers : the cutis tmra 
or ‘true skin,’ which usually makes uj) 
by far the larger part of its thickness, 
and the ‘ cuticle,’ ‘ scarfskin,’ or epi- 
deruiis^ which covers it. At the mouth, 
nostrils, and the other orifices of the 
02)671 cavities and canals of the body, 
the skin passes into the membrane that 
lines these, which is distinguished as 
the mucous membrane, from the pecu- 
liar glairy secretion of mucus by which 
its surface is pi’otect ed . But th ose great 
closed cavities of the body which surround the heart, lungs, intes- 
tines, kc. are lined by membranes of a different kind ; which, jis 
they secrete only a thin serous fluid from their surfaces, are known 
as serous membi-anes. Both mucous and serous membranes consist, 
like the skin, of a cellular membranous basis, and of a thin cuticular 
layer, which, as it differs in many points from the epidermis, is dis- 
tinguished as the epithelium. The substance of the ‘ true skin ’ and 
of the ‘ mucous ’ and ‘ sei/ous ’ membranes is pi incipally composed of 
the fibrous tissues last described ; but the skin and the mucous mem- 
branes are ver y copiously supplied with blood-vessels and with glan- 
duhe of various kinds ; and in the skin we also find abundance of 
nerves and lymphatic vessels, as well as, in some parts, of hair- 

3 X 



Fio. 77"). — Vertical section of nkin 
of finder; A, cpidormia^ the 
surface of wliicli shows depres- 
Hious (t n, between the emi- 
nences b b^ on whicli open the 
perspiratory ducts s ; at m is 
seen the deeper lay<'r of the 
epidermis, or stratum Malpij^hii. 
B, cutis vet'a, in which are im- 
bedded the sweat-glands d, 
with their ducts e, and aggre- 
gations of fat cells/; r/, arterial 
twig supplying the vascular 
papilhe p ; t, one of the tactile 
jiapilhe with its nerve. 
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follicles. The general appearance ordinarily presented by a thin 
vertical section of the skin of a part furnished with numerous sensory 
papillce is shown in fig. 775 ; whei-e we see in the deeper layers 
of the cutis vera little clumps of fat-cells, and the sweat- 
glands, d d, whose ducts, e e, pass upwards : whilst on its surface 
we distinguish the vascular papilhe, p, supplied with loops of blood- 
vessels from the trunk, </, and a tactile papilla, with its nerve 
twig. The spaces between the jjapillje are filled up by the soft 
‘ Malpighian layer,’ of the epidermis, A, in which its (colouring 
matter is chiefly conhiined, whilst this is covered by the horny layer, 
A, which is travei'sed by the spii’ally twisted continuations of the 
perspiratory ducts, opening at s upon the surface, which presents 
alternating depressions, a, and elevations, h. The distribution of 
the blood-vessels in the skin and mucous membranes, whieh is one 
of the most interesting features in their structure, and which is in- 
timately connected with their several functions, will (^ome under 
our notice hei*eafter. In serous membi-.mes, on the other hand, 
whose function is simply pi*otective, the supply of blood-vessels is 


more scanty. 

Epidermic and Epithelial Cell-layers. — The epidermis or 'cuticle ’ 
covers the whole extei'ior of the body as a thin semitiunsparent 
pellicle, which is shown by mici'oscopic examination to consist of 
a series of layers of cells that are continually wearing off at the 
external surfiice, and being renewed at the surface of the true skin ; 
so that the newest and deepest layers gradually become the oldest 
and most superficial, and are at last thrown ofi’ by slow desquamation. 
In their progress from the internal to the extei*nal surface of the 
epidermis the cells undergo a series of well- 



marked changes. When we examine the 
innermost layer, we find it soft and granu- 
lar, consisting of nucleated cells which are 
flatter in the upper than the lower strata, 
which make up the layer. This was for- 
merly considered as a distinct tissue, and 
was supposed to be the peculiar seat of the 
colour of the skin ; it received the desig- 
nation of Malpighian layer or rete mucosum. 


Fig. 776.-— Cells from the change in form is accompanied by a 


mentummgrumoi\\iQQ^Q\ change in the chemical composition of the 

ceStheTudeusl^rtHe tissue, wliichseeinstobeduetothemetamol-- 
nucleus. phosis of the contents of the cells into a 


homy substance identical with that of which 
hair, horn, nails, hoofs, &c. are composed. Mingled with the epi- 
dermic cells we find others which se(‘rete colouring matter instead 
of horn ; these, which are termed ' pigment-cells,’ are especially to 
be noticed in the epidermis of the negro and other dark races, and 
are most distinguishable in the Malpighian layer, their colour ap- 
pearing to fade as they pass towai*ds the surface. The most remark- 


able development of pigment-cells in the higher animals, however, 
is on the inner surfiice of the choroid coat of the eye, where they 
have a very regular arrangement, and form several layers, known as 
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the piymentiim nigrum. When exainined sepai-ately these cells are 
found to have a polygonal form (fig. 77(5, a), and to have a distinct 
nucleus (6) in their interior. The black colour is due to the accu- 
mulation, within each cell, of a number of flat rounded or oval 
granules, of extreme minuteness, which exhibit an active movement 
when set free from the cell, and even whilst inclosed within it. 
The pigment-cells are not always, however, of this simply rounded or 
polygonal form ; they sometimes present remarkable stellate pro- 
longations, under which form they are well seen in the skin of the 
frog (fig. 791, cc). The gradual formation of these prolongations 
may be traced in the pigment-cells of tiie tad])ole during its meta- 
morphosis (fig. 777). Similar varieti(>s of 
form are to be met with in the pigmentary 
cells of fishes and small crushicea, which 
also pi-esent a great variety of hues ; and 
these seem to take the colour of the bottom 
ovei‘ which the animal may live, so as to 
serve the better foi‘ its concealment. 

The structure of the epidermis may be 
exainined in a vaiiety of ways. If it l>e 
removed by maceration from the true skin, 
the cellular nature of its under surface is at 
once recognised, when it is subjected to a 
magnifying power of 200 or 300 diametei-s, 
by light transmitted through it, with this 
surface uppermost ; and if the epidermis be 
that of a negro or any other dark-skinned 
race, the pigment cells will be very distinctly 
seen. This under-surface of the epideimis 
is not flat but is excavated into pits and 
channels for the reception of the papillary Fig. 777. — Pigment- cgIIk 
elevations of the true skin ; an arrangement fpmi tail of tadpole . a g, 
whlcJl IS shown on a laige scale in the thick origin; b h, more complex 

cuticular covering of the dog’s foot, the sub- forms subsequently as- 

jacent papilhe being large enough to be dis- «unied. 
tinctly seen (when injected) with the naked 

eye. The cellular nature of the newly forming layei*s is best seen 
by examining a little of the soft film that is found upon the siii*face 
of the true skin, after the more consistent layers of the cuticle have 
been raised by a blister. The alteration which the cells of the 
external layers have undergone tends to obscuie their character ; 
but if any fragment of epidermis be macerated for a little time in a 
weak solution of soda or potass, its dry scales become softened, and 
are filled out by imbibition into rounded or polygonal cells. The 
same mode of treatment enables us to make out the cellular struc- 
ture in warts and corns, which are epidermic growths fiom the 
surfiice of papillae enlarged by hypertrophy. 

The epithelium may be designated as a delicate cuticle, covering 
all the free intemial surfaces of the body, and thus lining all its 
cavities, canals, &c. Save in the mouth and other parts in which 
it approximates to the ordinary cuticle, both in locality and in 

3x2 
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nature, its cells (fig. 778) usually form but a single layer; and are 
so deficient in tenacity of mutual adhesion that they cannot be de- 
tached in the form of a continuous membrane. Their shape varies 
greatly. Sometimes they are broad, flat, and scale- like, and their 
edges approximate closely to each other, so as to form what is 
termed a ‘pavement’ or ‘tessellated’ epithelium: such cells are 
observable on the web of a, frog’s foot or on the tail of a tadpole ; 
for, though covering an external surface, the soft moist cuticle of 
these pai*ts has all the characters of an epithelium. In other cases 
the cells hav’e more of the form of cylinders, standing erect side by 
side, one exti*emity of each cylindm* forming part of the free surface, 
whilst the otlier i*ests upon the membrane to which it serves as a 
covering. If the cylinders be closely pressed together, their form is 
changed into prisms ; and siicli epithelium is often known as 
‘ prismatic.’ On the other hand, if the surface on which it rests be 
convex, the bases oi- lower ends of the cylinders become smaller than 



Fig. 778.— Detaclied epitlieliuin-cells : 
a, with nuclei b, and nucleoli r, 
from niucoub membrane of the 
mouth. 


Fio. 771>.- Ciliated epithelium : 
nucleated cells resting on 
their smaller extremities ; h, 
cilia. 


their free extremities ; and thus each has the form of a truncated 
cone rather than of a, cylinder, and such epithelium (of which 
that covering the villi of the inte.stine is a, peculiarly good ex- 
ample) is termed ‘ conical.’ But between these primary forms of 
epithelial cells there are several intermediate gi’adations ; and one 
often passes almost insensibly into the other. Any of these forms 
of epithelium may be furnished with cilia ; Init these appendages are 
more commonly found attached to the elongated than to the 
flattened forms of epithelial cells (fig. 779). Ciliated epithelium is 
found upon the lining membrane of the air-passages in all air- 
breathing Yertebrata ; and it also presents itself in many other 
situations, in which a, propulsive power is needed to prevent an ac- 
cumulation of mucous or other secretions. Owing to tlie very slight 
attachment that usually exists between tlie epithelium and the 
membranous surface whereon it lies, there is usually no difficulty 
whatever in examining it, nothing more being necessary than to 
scrape the sui'face of the membrane with a knife and to add a little 
water to w^hiit has been thus removed. The ciliary action will 
generally be found to persist for some hours or even days after 
death if the animal has been previously in full vigour ; and the 
cells that bear the cilia, when detached from each other, will 
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swim freely about in water. If the thin fluid that is copiously dis- 
cliarged from the nose in the first stage of an ordinary ‘ cold in the 
head’ be subjected to microscopic examination, it will commonly 
be found to contain a great number of ciliated epithelium-cells, 
which have been thrown off from the lining membrane of the nasal 
passages. 

Fat. — One of the best examples which the bodies of higher 
animals aftbrd, of a tissue composed of an aggregation of cells, is 
presented by fa-t, the cells of which are distinguished by theii* power 
of drawing into themselves oleaginous matter from the blood. Fat- 
cells are sometimes dispersed in the interspaces of areolar tissue ; 
whilst in other cases tliey are aggregated in distinct masses, con- 
stituting the proper adipose substance. The individual fat-cells 
always present a, nearly spherical or spheroidal form ; sometimes, 
however, when they are closely pressed together, they become some- 
what polyhedral, from the flattening of theii* 
walls against each othei* (fig. 780). Their 
intervals are travers(Ml by a minute network 
of blood-vessels (fig. 795), from which they 
derive their secretion ; and it is probably 
by the constant moistening of their walls 
with a loatery fluid, that their contents are 
i*(^tained without the least transudation, 
although these are (piite fluid at the tem- 
perature of the living body. Fat-cells, when 
filled with their characteristic contents, have 
the peculiar appearance which has been 
already described as aj)pertaining to oil- 
globules, being very bright in their centre, 
and very dark towards their margin, in Fi«. 780. — Areolar and adi- 
(‘onsequence of their high refractive power ; fibres of ^^arTolar 

but if, as often happens in pr(q)arations that tissue, 
have been long mounted, the oily contents 

should have escaped, they then look like any othei* cells of the same 
form. Although the fatty mattei* which fills these cells (consisting 
of a solution of stearine or margarine in oleine) is liqui<l at the 
ordinary temperature of the body of a warm-blooded animal, yet its 
hai'der portion sometimes crystallises on cooling, the crystals shoot- 
ing from a centi’e, so as to form a .star-shaped cluster. (J.smic acid 
has been found by Dr. B. 8olger to separate a more fluid central 
portion from a firmer peripheral part. In examining the structure 
of adipose tissue it is desirable, where practicable, to have recourse 
to some specimen in which the fat-cells lie in single layers, Jind in 
which they can be observed without disturbing or laying them 
open ; such a condition is found, for example, in the mesentery of 
the mouse ; and it is also occasionally met with in the fat-deposits 
which present themselves at intervals in the connective tissues of the 
muscles, joints, &c. Small collections of fat-cells exist in the deeper 
layers of the true skin, and are brought into view by vertical 
sections of it (fig. 775, /). And the structure of large masses of fat 
may be examined by thin sections, these being placed under water 
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in thin cells, so as to take oft’ the pressure of the glass covei- from 
their surface, which would cause the escape of the oil-particles. No 
method of mounting (so far as the Author is aware) is successful in 
causing these cells permanently to retain their contents. 

Cartilage. — In the ordinaiy forms of cartilage, also, we have an 
example of a tissue obviously composed of cells ; but these are com- 
monly separated from each other by 

an ‘ intercellular substance,’ which is 

so closely adherent to the outer w.alls 
of the cells as not to be separable 
from them. The thickness of this 
substance difters greatly in difterent 
kinds of cjirtilage, anil even in dif- 
ferent stages of the growth of any 
one. Thus in the cartilage of the 
Fio. 781. — Cellular cartilage of external ear of a bat or mouse (fig. 
mouse’s ear. 781 ), the cells nve packed as closely 

together as ai*e those of an ordinary 
vegetable parenchyma ; and this seems to be the early condition 
of most cartilages that are afterwards to pi*esent a difterent 
aspect. In the ordinary cartilages, however, that cover the ex- 
ti'emities of the bones, so as to form smooth surfaces foi* the work- 
ing of the joints, the amount of intercellular substance is usually 
considerable ; and the cartilage-cells are commonly found imbedded 
tliere in clusters of two, three, or four (fig. 782 ), which are evidently 
formed by a process of ‘ binary subdivision.’ TJie substance of these 

cellular cartilages is entirely 
destitute of blood-vessels, 
being nourished solely by 
imbibition from the blood 
^ bi'ouglit to tlie membrane 

covering their surface. Hence 
^ they may be com])ared, in 

I'egard to their grade of or- 
ganisation, with the larger 
^ algae, which consist, like 

them, of aggregations of cells 
held together by intercellular 
substance, without vessels of 
Fig. 782.— Section of the branchial cartilage of any kind, and are nourished 
tadpole : a, group of four cells, Beparating imbibition through tlieil* 
from each other; 6, pair of cells in apposi- ^ n ^ rn ^ 

tion; c c, nuclei of cartilage-cells; cavity suiface. There are 

containing three cells (the fourth probably many cases, however, in 

behind). which the structureless inter- 




cellular substance is replaced 
by bundles of fibres, sometimes elastic, but more commonly non- 
elastic ; such combinations, which are termed ^ftro-cartilages, are 
interposed in certain joints, wherein tension as well as pressure has 
to be resisted ; as, for example, between the vertebra3 of the spinal 
column and the bones of the pelvis. In examining the structure 
of cai*tilage nothing more is necessary than to make very thin 
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sections, preferably with the microtome. These sections may be 
mounted in weak spirit, Goadby’s solution, or glycerin -j elly ; but 
in whatever way they are mounted, they undergo a gradual change 
by lapse of time, which renders them less fit to display the cha- 
racteristic features of their structure. 

Structure of the Glands. — The various secretions of the body (as 
saliva, bile, urine, (fee.) are formed by the instrumentality of organs 
termed glands ; which are, for the most part, constructed on one 
fundamental type, whatever be the nature of their product. The 
simplest idea of a gland is that which we gain from an examination 
of the ‘ follicles ’ or little bags imbedded in the wall of the stomach, 
some of wliich secrete mucus for the ])rote(;tion of its surface and 
other gastric juice. These little bags are filled with cells of a 
spheroidal form, which may be considered as constituting their 
epithelial lining ; these cells, in the progress of their development, 
draw into themselves from the blood the constituents of the par- 
ticular product they are to se(a*ete ; and they then seem to deliver 
it up, either by the bursting or by the melting away of their walls, 
so that this product may be poured forth from the mouth of the bag 
into the cavity in which it is wanted. The organ which is generally, 
though by no means accurately, called the liver presents this con 
dition ill the lowest animals wherein it is found. In many Polyzoa, 
compound Tunicata, ami Annulatathe cells of this organ can be seen 
to occupy follicles in the walls of the stomach ; in insects these 
follicles are few in number, but are immensely elongated, so as to 
form tubes which lie loosely within the abdominal cavity, frecpiently 
making many convolutions within it, and discharge their contents 
into the commencement of the intestinal canal ; whilst in the 
liighei- Mollusca, and in Crustacea, the follicles are vastly multiplied 
in number, and are connected with the I’amifications of gland-ducts, 
like grapes upon the stalks of their bunch, so as to form a distinct 
mass which now becomes known as the liver. The examination of 


the tubes of this organ in the insect, or of 
the follicles of the crab, which may be 
accomplished with the utmost facility, is 
well .‘Klapted to give an idea of the 
essential nature of glandular structure. 
Among vertebrated animals the salivary 
glands, the pancreas (sweetbreads), and 
the mammaiy glands are well adapted to 
display the follicular structure (fig. 783), 
nothing more being necessary than to 
make sections of these organs thin enough 
to be viewed as ti'ansparent objects. The 



Fio. 783. — Ultimate follicles 
of mammary gland, with 
their secreting cells a tt, 
containing nuclei 6 b. 


kidneys of vertebrated animals are made 

up of elongated tubes, which are straight, and are lined with a 
pavement -epithelium in the inner or ‘ medullaiy ’ portion of the 
kidney, whilst they are convoluted and filled with a spheroidal 
epithelium in the outer or ‘cortical.’ Certain flask-shaped dilata- 
tions of these tubes include curious little knots of blood-vessels, 


which are known as the ‘ Malpighian bodies ’ of the kidney ; these 
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are well displayed in injected prepamtions. For such a full and 
complete investigation of the structure of these organs as the 
anatomist and physiologist require, various methods must be put 
in practice which this is not the place to detail. It is perfectly 
easy to demonstrate the cellular nature of the substance of the 
liver by simply scraping a portion of its cut surface, since a number 
of its cells will then be detached. The geneial arrangement of the 
cells in the lobules may be displayed by means of sections thin 
enough to be transparent; whilst the arrangement of the blood- 
vessels cnn only be shown by means of injections. Fragments of 
the tubules of the kidney, sometimes having the Malpighian cap- 
sules in connection with them, may also be detached by scraping its 
cut surface ; but the true relations of these parts can only be shown 
by thin transparent sections, and by injections of the blood-vessels 
and tubuli. The simple follicles contained in the walls of the 
stom^Uih are brought into view by vertical sections ; but they may 
be still better examined by leaving small portions of the lining 
membrane for a few days in dilute nitric acid (one part to four of 
water), whereby the fibrous tissue will be so softened that the 
clusters of glandular epithelium lining the follicles (which are but 
very little altered) will be readily separated. 

Muscular Tissue. — Although we are accustomed to speak of this 
tissue as consisting of 'fibres,' yet the ultimate structure of the 
' muscular fibre ’ is very diflerent from that of the ' simple fibrous 
tissues ' already described. When we examine an ordinary 
muscle (or piece of ' flesh ') with the naked eye, we observe that it 



is made up of a numboi* of fascicidi or bundles 
of fibres (fig. 784), which are arranged side by 
side with great regularity, in the direction in 
which the muscle is to act, and are united by 
connective tissue. These firsciculi may be 
separated into smaller pai’ts, which appear like 
simple fibres ; but when these aT*e examined by 
the microscope, they are found to be themselves 
fasciculi, composed of minuter fibres bound 
t()g(‘ther by delicate filaments of connective 
tissue. By carefully separating these we may 
obtain the ultimate muscular fibre. This fibre 
exists under two forms, IIh' i^triated and the 


Fig. 784. — Fasciculus Striated. The forima- is clii(‘fiy distinguished 
of striated muscular by the transversely striatc'd aiiiH'arance which 

at b its junction with <^dtci nation 01 light and dai‘k spaces along its 
the tendon. whole extent; the breadth and distance of 


these striae vary, however, in different fibres, 
and even in diflferent parts of the same fibre, according to their 
state of contraction or relaxation. Longitudinal striae are also 
frequently visible, which are due to a partial separation between 
the component fibrilla3 into which the fibre may he broken up. 
When a fibre of this kind is moi-e closely examined, it is seen to be 
inclosed within a delicate tubular sheath, which is tniite distinct on 
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the one hand from the connective tissue that binds the fibies into 
fasciculi, and equally distinct from the internal substance of the 
fibre. This membranous tube, which is termed the sarcohmmciy is 
not perforated by capillary vessels, which therefore lie outside the 
ultimate elements of the muscular substance ; whether it is pene- 
trated by the ultimate 
fibres of nerves is a point 
not yet certainly ascer- 
tained. The diameter of 
the fibres varies greatly 
in difierent kinds of verte- 
brated animals. Its ave- 
rage is greater in reptiles 
and fishes than in birds 
and mammals, and its ex- 
tremes also are wider ; thus 
its dimensions vary in the 
frog from ^ Jotli to rwoth 
of an inch, and in the skate from (;\r,th to ; whilst in the 

human subject the average is about of an inch, and the 

extremes about ^ootb ^^nd ^. J^th. 

The substance of the fibre, when broken up by ‘ teasing ’ with 
needles, is found to consist of very minute fibrillfc, winch, when 
examined under a magnifying power of from 250 to 400 diameters, 
are seen to present a slightly beaded form, and to sliow tlie siinie 
alternation of light and dark spaces as when 
the fibrillar are united into fibres or into 
small bundles (fig. 785). The dark and light 
s})aces are usually of nearly equal length ; 
eacli light space is divided by a transverse 
line, called ‘ Dobie’s line,’ while each dark 
space is crossed by a lighter band, known as 
‘ Hensen’s stripe.’ It has been generally 
supposed that these markings indicate <lif- 
ferences in the composition of the fibre ; but 
Professor J. B. Haycraft has revived an 
idea, which originated with Mr. Bowman, 
that they are the optical expressions of its 
shape. The borders of the striated fibre 
(he truly states) present wavy margins, in- 
dicative of a transverse ridging and furrow- 
ing, the whole fibre (or a single fibril) thus 
consisting of a succession of convex bead- 
like projections with intermediate concave Fig. Dia^n-im of 
depressions. When the axis of the fibre is in striated iibnlla. 
true focus, Dobie’s line, D (fig. 786), crosses 

the deepest part of the concavity, while Henscu’s st ripe, H, crosses 
the most projecting part of the convexity, and it c;in b(‘ shown, liot h 
theoretically and experimentally, that this alternation of liglds and 
shades will be produced by the passage of light through a similarly 
shaped homogeneous rod of any transparent substance. If, on the 




Fig. 785. — Striated muscular fibre, separating 
into fibrillte, 
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other hand, the surface of the fibre be brought into focus, the convex 
ribbings appear light and intervening depressions dark, whigh is the 
aspect originally represented by Ilownian. The appearances are the 
same in the extended and contracted states of the fibre ; with the 
exception that the alternation of light and dark strite is closer in the 
contracted state, while the breadth (representing the thickness) of 
the fibre is correspondingly increased^ It is well none the less in 
the present state of our knowledge to refrain from conclusions as to 
the absolute structure of the striated fibillbe. It ranges itself, from 
the modern microscopist’s point of view', with other striated objects, 
and will require the possession of lenses of a NT. A. twice or thrice that 
of those which are now within our reach. There is no immediate pro- 
spect of these, it is true ; but they cannot be considered impossible 
by the student of the past histoiy of microscopy. 

In the examination of muscular tissue a small portion may be 
cut out with the curved scissors ; this should be torn up into its 
component fibres ; and these, if possible, should be separated into 
their fibrilla3 by dissection with a pair of needles under the simple 
microscope. The general chai-acters of the striated fibre are admi- 
rably shown in tlie large fibres of the frog ; and by selecting a 
portion in which these fibres spread themselves out to unite with a 
broad tendinous expansion, they may often be found so well dis- 
played in a single layer as not only to exhibit all their characters 
without any dissection, but also to show their mode of connection 
with the ‘ simple fibrous ’ tissue of which that expansion is formed. 
As the ordinary characters of the libi*e are but little altered by 
boiling, recourse may be had to this process for their more ready 
separation, especially in the case of the tongue. Dr. Beale recom- 
mends glycerin for the preparation, and glycerin media for the 
preservation, of objects of this class ; and states that the alternation 
of light and dark spaces in the fibrilhe is rendered more distinct by 
such treatment. The fibrilhe are often more readily sep.arable when 
the muscle has been macerated in a weak solution of chromic acid. 
The shape of the fibres can only be proj)erly seen in cross-sections ; 
and these are best made by the freezing microtome. Striated fibres, 
separable with gi-eat facility into tlieir component fibrillje, are 
readily obtainable from the limbs of Crustacea and of insects ; and 
their presence is also readily distinguishable in the bodies of worms, 
even of very low oi ganisation ; so that it may bo regarded as charac- 
teristic of the articulated series generally. On the other hand, the 
molluscous classes are, for the most part, distinguished by the non- 
striation of their fibre ; there are, however, some exceptions, such as 
the muscles of the odontophore in the snail and the powerful adductor 
muscle of Fecten, Its presence seems related to energy and rapidity 
of movement, the non-sti*iated presenting itself where the move- 
ments are slower and feeblei* in their character. 

The ‘smooth’ or non-striated form of muscular fibre, which is 

^ Quart. Journ. Microsc. Sci. ii.s. xxi. p. 307. More recent views will be found in 
Mr. C. F. Marshall’s paper in vol. xxviii. of the same journal, and in the memoirs 
cited by him. The subject is one which will doubtless long occupy the attention of 
the histologist. 
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especially found in the walls of the stomacdi,- intestines, bladder, and 
other similar parts, is composed of flattened bands whose diameter is 
usually between ^ of an inch ; and these bands are 

collected into fasciculi, which do not lie pai*allel with each other, but 
cross and interlace. By macerating a jiortion of such muscular sub- 
stance, however, in dilute nitric acid (about one part of ordinary 
acid to three parts of water) for two or three days, it is found that 
the bands just mentioned maybe easily separated into elongated fusi- 
form cells, not unlike ‘ woody fibre ’ in shape (fig. 787 , a a ) ; each 
distinguished, for tlie most part, by the presence of a long stafi- 
shapt‘d nuckms, bmnght into vi(‘w by the action of acetic acid, c*. 
These cells, in which the distinction between cell-wall and cell-con- 
tents can by no means be cleai'ly seen, are composed of a soft yellow 
substance often containing small 2)ale granules, and sometimes yellow 
globules of fatty matter. In the coats of the blood-vessels are found 


A B c 



Fig. 787. -Structure of non-striated 
muscular fibre. A, portion of 
tissue showing fusiform cells a a, 
with elongated nuclei b b ; B, a 
single cell isolated and more 
highly magnified; C, a similar 
cell treated with acetic acid. 



Fuj. 78 H. — Ganglion-cells and nerve- 
fibres from a ganglion of lamprey. 


cells liaviiig the same general cliaracters, but shorter and wider in 
form ; and althongli some of these approach very closely in their 
general ap2)earance to e2)ithelium-cells, yet they seem to have quite 
ii diftbrent nature, being distinguished by their elongated nuclei, as 
well as by tlieir contractile endowments. 

Nerve-substance. — Wlierever a di.stinct nervous system can be 
made out, it is found to consist of two very different forms of tissue, 
namely, the cAlular^ which are the essential components of the 
ganglionic centres, and the fihrom^ of whicli the connecting trunks 
consist. Tlie tyj^ical form of the iierve-cells or ‘ ganglion-globules 
may be regarded as globular ; but they often j^resent an extension 
into one oi* more long jirocesses, wliich give them a ‘ caudate ’ or 
‘ stellate ’ asb>ect. These jmocesses liave been traced into continuity, 
in some instances, with the axis-cylinders of nerve-tubes (fig. 788 ) ; 
whilst in other cases they seem to inosculate with those of other 
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vesicles. The cells, which do not seem to possess a definite cell- wall, 
are, for the most part, composed of a finely grtinular substance, which 
extends into their prolongations ; and in the midst of this is usually 
to be seen a large well-defined nucleus. They also generally contain 
pigment-granules, which give them a reddish or yellowish-brown 
colour, and thus impart to collections of ganglionic cells in the 
warm-blooded Yertebrata that peculiar hue which causes them to be 
known as the cineritious or grey matter, but which is commonly 
absent among the lower animals. Each of the tubular nerve-fibres, 
on the other hand, of which the trunks are made up, consists, in its 
fully developed form, of a delicate meirdminous sheath, within which 
is i\, hollow cylinder of a material known as the ‘ white substance of 
Schwann,’ whose outer and inner boundaries are markcMl out by two 
distinct lines, giving to each margin of the nerv^e-tube what is de- 
scribed as a ‘double contour.’ The contents of the membranous 
envelope are very soft, yielding to slight pressure ; and they are so 
quickly altered by the contact of water or of any liquids which are 
foreign to their nature that their characters can oidy be properly 
judged of when they arc quite fresh. The 
centi*e or axis of the tube is then found to 
be occupied by a transpai*ent substance 
which is known as the ‘ axis cylinder ; ’ 
and there is reason to believe that this last, 
which is a protojdasmic substance, is the 
essential conq)onent of the nerve-fibre, 
while the function of the hollow cylinder 
that surrounds it, which is composed of a 
combination of fat and albuminous matter, 
is simply pi*otective. The diameter of the 
nerve-tubes difters in dittei*ent nerves, being 
sometimes as great as ^ inch, 

and as small in other instances as j ^>oo()fh. 
In many of the lower invertebrata, such as 
^ Medaste and Comatnlw, we s('em fully 

fibres, from olfactory nerve, .l^stified by physiological evidence 111 re- 
garding as nerves c(U‘tain protoplasmic 
fibres which do not possess the (diaractei’istic structure of ‘ nerve- 
tubes,’ and fibres destitute of the ‘ double contour ’ ai*e found also 
in certain parts of the body of even the highest vertebrates. These 
fibres, which are known as ‘ gelatinous,’ are considerably smaller 
than the preceding, and do not exhibit any differentiation of parts 
(fig. 789). They are flattened, soft, and homogeneous in their ap- 
pearance, and contain numerous nuclear particles which are brought 
into view by acetic acid. They can sometimes be seen to be 
continuous with the axis-cylinders of the ordinary fibres, and also 
with the radiating prolongations of the ganglion-cells ; so that their 
nervous character, which has been questioned by some anatomists, 
seems established beyond doubt. 

The ultimate distribution of the nerve -fibres is a subject on 
which there has been great divergence of opinion, and one which can 
only be successfully investigated by observers of great experience. 
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The Author believes that it may be stated as a general fact, that in 
botli the iiiotoi* and the sensory nerve-tubes, as they approach their 
terminations in the muscles and in the skin respectively, the 
protoplasmic axis-cylinder is continued beyond its envelopes, 
often then breaking up into very minute tibrilla?, which inosculate 
with ea(di other, so as to form a network closely resembling that 
formed by the pseiidopodial threa-ds of Rhizopods. Recent observers 
have described the hbrilhe of motor nerves as terminating in 
‘ motorial end -plates’ seated upon oi* in the muscular fibres; and 
these seem analogous to the little ^ islets ’ of sarcodic substance into 
which those threads often dilate. Where the skin is specially 
endowed with tactile sensibility we find a special 'paiyillary 
apparatus, which in the skin may be readily made out in thin 
vertical sections treated with solution of soda (fig. 790). It was 
formerly sup])Osed that all the cutaneous papilhe are furnished with 
nerve-fibres, and minister to sensation ; hut it is now known that a 
large })roj)ortion (at any rate) of those that are furnished with loops 
of blood-vessels (figs. 775, p, 798), being d(\stitute of nerve-fibres, 
must have for their special 


office the production of 
epidermis ; whilst those 
which, possessing nerve- 
fibres, ha\'e sensory func- 
tions, ar(‘ usually destitute 
of blood-vessels. Tli(‘ 
greater part of the interior 
of each sensory papilla 
(fig. 790, c c) of the skin 
is occupied by a [)eculia]‘ 
^ axile body,’ which seems 
to be merely a bundle of 
or dinaiy connective tissue. 



whereon the nerve-fibre 
appears to terminate. The 
nerve - fibres are more 


Fi(i. 7aO.--Verticiil section of skin of finger, show- 
ing the hranches of the cutaneous nerves, «, 6, 
inosculating to form a plexus, of which the ulti- 


readily seen, howeveu*, in 


mate fibres pass into the cutaneous papillte, c c. 


the ‘ fungiform ’ jiajiilhe of 

the tongue, to eacli of which several of them proceed ; these bodies, 
which are very transparent, maybe well seen by snipping ofi* minute 
portions of the tongue of the frog; or by snipping off the papilhe 
themselves from the surface of the living liuman tongue, which can 


be readily done by a dexterous use of the curved scissors, with no 
more pain tlian the [irick of a, pin would give. The transparence 
of these iiaiiilhe also is increased by treating them with a weak 


solution of soda. Nerve-fibi'es ]ia.\'e also been found to terminate 


on sensory surfaces in minute ‘end-])ulbs’ of spheroidal shape and 
about ,;,\Jth of an inch in diameter, eacli of them being composed 
of a sim])le outer capsule of connective tissue, filled with clear 
soft matter, in the midst of which the nerve-fibre, after losing its 
(lark border, ends in a knob. The ‘Pacinian corpuscles,’ which are 
best sec'ii in the mesenteiy of the cat, and are from ^bth to i\jth of 
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an inch long, seem to be more developed forms of tliese ‘ end- 
bulbs.’ 

For the sake of obtaining a general acquaintance with the 
microscopic characters of these principal forms of nerve-substance, 
it is best to have recourse to minute nerves and ganglia. The small 
nerves which ai*e found between the skin and the muscles of the back 
of the frog, and which become apparent when the former is being 
.stripped ofi*, are extremely suibdde for this purpose ; but they ai'e best 
seen in the Hyla or ‘ ti-ee-frog,’ which is recommended by 13r. Jleale 
as being much superior to the common frog for the general pui poses 
of minute histological investigation. If it be wished to examine the 
natural appearance of tlie nerve-tibres, no other fluid should be used 
than a little blood-serum ; but if they be treated with strong acetic 
acid, a contraction of their tubes takes place, by which the axis- 
cylinders are forced out from their cut extremities, so as to be made 
more apparent tlian they can be in any other way. On the other 
liand, by immersion of the tissue in a dilute solution of chinmic acid 
(about one pai-t of the solid crystals to two hundred of water), the 
nerve-fibres are rendered firmer and more distinct. Again, the axis- 
cylinders are brought into distinct view by the staining process, 
being dyed much more quickly tlian their envelopes ; and they 
may thus be readily made out by reflected light in transverse 
sections of nerves that have heen thus treated. The yelatinmis 
fibres are found in the greatest abundance in the sympathetic- nerves; 
and their characters may be best studied in the smaller branches of 
that system. Ho for the examination of the ganglionic colls, and of 
their relation to the nerve-tubes, it is better to take some minute 
ganglion as a whole (such as one of the sympathetic- ganglia of the 
frog, mouse, or other small animal) than to dissect the lai*ger 
ganglionic masses, whose structure can only be successfully studied 
by such as are proficient in this kind of investigation. The nerves 
of the orbit of the eyes of fishes, witli the ophthalmic ganglion and 
its branches, which may be veiy readily got at in the skate, and of 
which the components ma} be separated without much difticidty, 
form one of the most convenient objects for the demonstration of the 
principal foims of nerve-tissue, and especially for the connection of 
nerve-fibres and ganglion -cells. For minute inquiries, however, into 
the ultimate distribution of the nerve-fibres in muscles and sense- 
organs, certain special methods mu.st be followed, and v(ny high 
magnifying powei’s must be employed. Those who desire to follow 
out this inquiry should acquaint themselves with the methods which 
have been found most successful in the hands of the able histologists 
who have devoted themselves to it.^ 

Circulation of the Blood. — One of the most interesting spectacles 
that the microscopi.st can enjoy is bhat which is fin*nished by the 

1 For further information regarding the nervous system tlie memoir of F. Nansen 
on ‘The Structure and Combination of the Histological Elements of the Central 
Nervous System’ in Bergen’s Mu'seu?ns Aarnheretning for 1886 (1887), p. 20, should 
be consulted. An excellent summary of the more "valuable modern methods of 
staining nerve-fibres and cells was given in 1892 to the Royal Microscopical Society 
by Dr. C. E. Beevor. See their Journal^ 1892, p. 897. 
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circulation of the blood in the minllary blood-vessels which dis- 
tribute the fluid through the tissues it nourishes. This, of course, 
am only be observed in such pai*t.s of animal bodies as are sufficiently 
thin and transparent to allow of the transmission of light through 
them, without any disturbance of their ordinary structure ; and the 
number of these is very limited. The web of the frog’s foot is pei*- 
haps the most suitable for oi*dinary purj)Oses, more especially since 
this animal is to be easily obhuned in almost every locality ; and the 
following is the simple arrangement preferred by the Author : A 
piece of thin cork is to be obtained, about nine inches long and three 
inches wide (such pieces are })repared by cork -cutters, as solos), and a 
hole about gths of an inch in diameter is to be cut at about the middle 
of its length, in such a position that, when the cork is secured upon the 
stage, this aperture may correspond with the axis of the microscope. 
The body of the frog is then to be folded in a ])iece of wet calico, 
one leg being left free, in such a manner as to confine its move- 
ments, but not to press too tightly upon its body ; and being then 
laid down near one end of tlu' cork-plate, the free leg is to be ex- 
tended, so that the foot can be laid over the centi*al aperture. The 
spreading out of the foot over the apertiire is to be accomjdished 
either by pavssing pins thi'ough the edge of the w(‘b into the cork be- 
neath, or by tying the ends of the toes with threads to })ins stuck 
into the cork at a small distance from the aperture ; the foi'iner 
method is by far the least troublesome, and it may be doubted 
whether it is really the source of more suffering to tlie animal than 
the latter, the confinement being obviously that which is most felt. 
A few turns of tape, carried loosely around tlui cali(^o bag, the pro- 
jecting k^g, and the eoik, sei*ve to prevent any sudden start ; and 
when all is secure, the cork-plate is to be laid down upon the stage 
of the microscope, whei’e a few more turns of the bi])e will serve to 
keep it in place. The web being moistened with water (a ])recaution 
which should be repeated as often as the membrane exhibits the 
least appearance of dryness) and an adecjuate light being reflected 
through the web from the miia-oi*, this wnnderful s})ectacle is brought 
into view on the adjustment of the focus (a power of from 75 to 100 
diameters being the most suitable for ordinary ])urposes), provided 
that no obstacle to the movement of the blood be produced by 
undue pressure upon the body or leg of the animal. Tt will not un- 
frequently be found, however, that the current of blood is nearly or 
altogether stagnant for a time ; this seems occasionally due to the 
animal’s alarm at its new ])osition, which wa\akens oi‘ suspends the 
a( 5 tion of its heart, the movement recommencing again after the 
lapse of a few minutes, although no change has been made in 
any of the external conditions. But if the movement slundd not 
renew itself, the tape which passes over the body should be slackened ; 
and if this does not produce the desired effect, the calico envelope 
also must be loosened. When everything has once been properly 
adjusted, the animal will often lie for hours without moving, or 
will only give an occasional tw itch ; and even this may be avoided by 
previously subjecting it to the influence of ether or chlomform, which 
may be renewed from time to time whilst it is undei* observation. 
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The movement of the blood will be distinctly seen by that of its 
corpuscles (fig. 791), which (course after one another through the 
network of capillaries that i liter v^enes between the smallest ai*tei*ies 
and the smallest veins ; in those tubes which pass most directly 
from the veins to the arteries the current is alwjiys in the same 
<lirection ; but in those wliicli pass aci-oss between these it may not 
unfi-equently be seen that the direction of the movement changes 
from time to time. The larger vessels with which the capillaries are 
.seen to be connected are almost always veinsj as may be known 
from the direction of the flow of blood in them from the branches 
(b h) towards tludr trunks (r/.) ; the arteries, whose ultimate sub- 
divisions discharge themselves into the capillary network, are for 
the most part restricted to the immediate borders of the toes. When 
a, power of 200 or 250 diameters is employed, the visible area is of 
course greatly reduced ; but the individual vessels and their contents 
h b 



Fig. 7m.— Capillary circulation in a portion of the weh of a frog’s foot: 
(/, trunk of vein; h, b, its branches; c, c, piginent-cells. 


are much more plainly seen : and it may then be observed tliat whilst 
the ‘ red ’ corpuscles flow at a very rapid rate along the centre of each 
tube, tlie ‘ white ’ corpuscles, which are occasionally discernible, move 
slowly in the clear stream near its margin. 

The circulation may also be displayed in the toiHjae of the frog 
by laying the animal (previously chloroformed) on its back, with its 
head close to the hole in the cork-plate, and, after si‘curing the body 
in this position, drawing out the tongue with the forceps and fixing 
it on the other side of the hole with pins. 8o, again, the circula- 
tion may be examined in the ImKjs — where it affords a sjiectacle of 
singular beauty — or in the niesentert/ of the living frog by laying 
open its body and dravving forth either organ, the animal having 
previously been made insensible by chloroform. The tadpole of the 
frog, when sufficiently young, furnishes a good display of the capillary 
circulation in its tail ; and the difiiculty of k(‘eping it ipiiet during 
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tlie obsei vation may be overcome by gradually mixing some warm 
water with that in which it is swimming until it becomes motion- 
less ; this usually hap])ens when it has been raised to a temperature of 
between 100° and 110° Fahr. ; and, notwithstfinding that the muscles 
of the body are thrown into a state of spasmodic rigidity by this 
treatment, the heart continues to pulsate, and the circulation is 
maintained.^ The larva of the water-newt^ wlien it can be obtained, 
furnishes a most beautiful display of the circulation, both in its 
external gills and in its delicate feet. It may be inclosed in a large 
acpiatic box or in a shallow cell, gentle pressure being made upon 
its body, so as to confine its movements without stopping the heart’s 
action. The circulation may also be seen in the tails of small fish, 
such as the minnow or the stickleback^ by confining tliese anim.als in 
tubes, or in shallow cells, or in a large acpiatic box ; but although 
tlie extreme transparence of these parts adapts them well for this 
piirpose in one respettt, yet the com pa rati vt; scantiness of their 
blood-vessels prevents them from being as suitable as the frog’s web 
in another not less important particular. One of the most beautiful 
of all displays of the circulation, however, is that which maybe seen 
upon the yolk-hag of young fish (such as the salmon or trout) soon 
after they have been hatched ; and as it is their habit to remain 
almost entirely motionless at this stage of their existence, tlie obser- 
vation can be made with the greatest facility by means of the 
zoophyte-trough. The store of yolk which the yolk-bag sujiplies 
for the nutrition of the embryo not being exhausted in the fish (as 
it is in the bird) previously to the habdiing of the egg, this bag 
hangs down from the belly of tlu‘ little creatuie on its eiiuu’sion, 
and continues to do so until its contents have been absorbed into 
the body, which does not take place for some little time after- 
wards. And the blood is distributed over it in copious streams, 
partly that it may draw into itself fresh nutritive material, and 
})a,rtly that it may be subjected to the aerating influence of the 
siu'rounding water. 

The tadpole serves, moreover, for the display, under proper 
management, not only of the capillary, but of the general circulation ; 
and if this be studied uiKha* the binocular microscope, the observer 
not only enjoys the gratification of witnessing a most wonderful 
spectacle, but may also obtain a. more accurate notion of the rela- 
tions of the difierent parts of the circulating system than is other- 
wise possible. The tadpole, as every naturalist is aware, is 
essentially a fish in the early period of its existence, breathing by 
gills alone, and having its circulating apparatus arianged accord- 
ingly ; but as its limbs are develo})ed, and its tail becomes I'elativ'ely 
shortened, its lungs ai'e gradually evolved in preparation for its 
tei‘i‘estrial life, and the course of the blood is consideiably changed. 
In the tadpole as it comes forth from the egg the gills are external, 
forming a pair of fringes hanging at the sides of the head (fig. 792, l) 
and at the bases of these, concealed by opercula or gill-flaps 

' A special form of live-box for the observation of living tadpoles contrhed^ 
by Prof. F. E. Schulze, is described and figured in the Quart. Journ, Microsc. Set. 
n.s. vol. vii. 1867, 13. 261. 

3 Y 
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resembling those of fishes, are seen the rudiments of the internal 
gills, which soon begin to be developed in the stead of the preceding. 



Fi(J. 702. — Circulation m the tadpole. 

1. Anterior portion of youngf tadpole, showing the external gills, with the incipient 
tufts of the internal gills, and the pair of minute tubes between the heart and the 
spirally coiled intestine, which are the rudiments of the future lungs. 

. 2. More advanced tadpole, in which the external gills have almost disappeared : 
a, remnant of external gills on the left side ; oiierculum ; c, remnant of external gill 
on the right side, turned in. 

3. Advanced tadpole, showing the course of the general circulation : a, heart ; 

branchial arteries; c, pericardium; d, internal gill; r/, first or cephalic trunk; 
f, branch to lip ; ry, branches to head; second or branchial trunk; /, third trunk, 
uniting with its fellow to form the abdominal aorta, which is continued as the caudal 
artery. A;, to the extremity of- the tail; caudal vein; ni, kidney; >1, vena cava; 
o, liver ; p, vena portee ; <7, sinus venosus, receiving the jugular vein, r, and the ab- 
dominal veins, as also the branchial vein, v. 

4 The branchial circulation on a larger scale : A, B, C, three jirimary branches of 
the branchial artery ; a, cartilaginous arches ; h, additional framework ; c, <?, twigs of 
branchial artery ; /, rootlets of branchial vein. 

5. Origin of the vessels of the internal gills, g, from the roots of those of the 
external. 

6. The heart, systemic arteries, pulmonary arteries and veins, and lungs, in the 
adult frog, the heart being turned up in the right-hand figure, to show the junction 
of the pulmonary veins and their entrance into the left auricle. 
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'The external gills reach theii* highest development on the fourth or 
fifth day after emersion ; and they then wither so rapidly (whilst 
being at the same time drawn in by the growth of the animal) that 
by the end of the first week only a remnant of the right gill can be 
«een under the edge of the operculum ( 2 , c), though the left gill 
(6) is somewhat later in its disappearance. Concurrently with this 
<diange the internal gills are undergoing rapid development; and 
the beautiful arrangement of their vascular tufts, which originate 
from the roots of the arteries of the external gills, as seen at y, 5, is 
shown in 4. It is requisite that the tadpole subjected to obser- 
vation should not be so far advanced as to have lost its early trans- 
jmrence of skin ; and it is further essential to the tracing out of the 
<;ourse of the abdominal vessels that the creature should have been 
kept without food for some days, so that tlie intestine may empty 
itself. This starving process reduces the quantity of red corpuscles, 
und thus renders the blood paler ; but this, although it makes the 
smaller branches less obvious, brings the circulation in the larger 
trunks into more distinct view. ‘ Placing the tadpole on his back,’ 
says Mr. Whitney, ‘ we look, as through a pane of glass, into the 
•cbamber of the chest. Before us is the beating heart, a bulbous- 
looking cavity, formed of the most delicate transparent tissues, 
through which are seen the globules of the blood, pei*petually, but 
alternately, entering by one orifice and leaving it by another. The 
heart (fig. 792 , 3, a) appears to be slung, as it were, between two 
arms or branches, extending right and left. From these trunks (/>) 
the main arteries arise. The heart is inclosed witliin an envelope or 
pericardium (c), which is, perhaps, tlie most delicate, and is, certainly, 
the most elegant structure in tlu^ creatiire’s organism. Its extreme 
fineness makes it often elude the eye under the single microscope, 
but under the binocular its form is distinctly revealed. Then it is 
seen as a canopy or tent, inclosing the heart, but of such extreme 
tenuity that its folds are really the means by whicli its existence is 
recognised. Passing along the course of the great vessels to the 
right and left of the heart, the eye is ari*ested by a large oval body 
{(1) of a more complica ted structure and dazzling appearance. This 
is the internal gill, which in the tadpole is a cavity formed of most 
delicate transparent tissue, traversed by certain arteries, and lined 
by a, crimson network of blood-vessels, the inteilacing of which, with 
their rapid currents and dancing globules, forms one of the most 
beautiful and dazzling exhibitions of vascularity.’ Of the three 
-arteiial trunks which arise on each side from the trancm arteriosus^ 
h, the first, or cephaUc, e, is distributed entirely to the head, running 
first {dong the upper edge of the gill, and giving oft‘ a branch, y, to 
the thick fringed lip which surrounds the mouth ; after which it 
suddenly curves upwards and backwards, so as to reach the upper 
surface of the head, where it dips between the eye and the brain. 
The second main trunk, A, seems to be chiefiy distributed to the gill, 
although it freely communicates by a network of vessels both with 
the first or cephalic and with tlie third or abdominal trunk. The 
latter also enters the gill and gives off branches ; but it continues 
its course as a large trunk, bending downwards and curving towards 
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the spine, where it meets its fellow to form the abdominal aorta, 
which, after giving off branches to the abdominal viscera, is con- 
tinued as the caudal artery, h, to the extremity of the tail. The- 
blood is returned from the tail by the caudal vein, I, which is 
gradually inci*eased in size by its successive tributaries as it passes 
towards the abdominal cavity ; here it approaches the kidney, m, 
and sends off a branch which incloses that organ on one side, while- 
the main trunk continues its course on the other, receiving tributaries 
from the kidney as it passes. The venous blood retiirned from the 
abdominal viscei'a, (m the other hand, is collected into a trunk, p, 
known as the portal vein, which distributes it through the substance 
of the liver, o, as in man ; and after traversing that organ it is dis- 
charged by numei’ous fine channels, which conveige towards the 
great abdominal trunk, ovvena cava, n, as it passes in close proximity 
to the liver, onwards to the siims venosns, q, or rudimentary auricle 
of the heart. This also receives the jiupdar vein, r, from the head, 
which first, however, passes downwards in front of the gill close to 
its inner edge, and meets a vein coming up from the abdomen, 
after which it turns abruptly in the direc^tion of the heart. Two 
other abdominal veins, u, meet and pour their blood direct into the 
sinus venosus ; and into this cavity is also poured the aeiated blood 
returned from the gill by the branchial vein, v, of which only the 
one on the right side can be distinguished. The lungs may be de- 
tected in a rudimentary state, even in the very young tadpole, 
being in that stage a pair of minute tubular sacs, united at the upper 
extremities, and lying behind the intestine and close to the spine. 
They may be best brought into view by immersing the tadpole for a 
few days in a weak solution of chromic acid, which renders the 
tissue friable, so that the parts that conceal them may be more 
readily peeled away. Their gradual enlargement may be traced 
during the peiiod of the tadpole’s transparence ; but they can only 
be brought into view by dissection when the metamorphosis has 
been completed. The following are Mr, Whitney s directions for 
displaying the circulation in these organs : ‘ Put the young frog into 
a wineglass and drop on him a single drop of chloroform. This 
suffices to extinguish vsensibility. Then lay him on the back on a 
piece of cork and fix him with small pins passed tlirough the web 
of each foot. Remove the skin of the abdomen with a fine pair of 
sharp scissors and forceps. Turn aside the intestines from the left 
side, and thus expose the left lung, which may now be seen as a 
glistening transparent sac containing air-bubbles. With a fine 
camel-hair pencil the lung may now be turned out, so as to enable 
the operatoi* to see a large part of it by transmitted light. Unpin 
the frog and place him on a slip of glass, and then transmit the 
light through the everted portion of lung. Remember that the lung 
is very elastic, and is emptied and collapsed by very slight pressure. 
Therefore, to succeed with this experiment, the lung should be 
touched as little as possible, and in the lightest manner, with the 
brush. If the heart is acting feebly you will see simply a trans- 
parent sac, shaped according to the quantity of air-bubbles it may 
happen to contain, but void of red vascularity and circulation. But 
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should tlie operator succeed in getting the lung well placed, full of 
air, and have the heart still beating vigorously, he will see before him 
a brilliant picture of criirison network, alive with the dance and 
dazzle of blood-globules, in rapid chase of one another through the 
delicate and living lace-work which lines the chamber of the lung.’ 
The position of tlie lungs in relation to the heart and the great 
vascular trunks is shown in fig. 792, 6. 

Injected Preparations. — Next to the circulation of the blood in 
the living body, the vai-ied disti’ibution f)f the capillaries in its 
several organs, as shown by 


means of ‘ injections ’ of coloui-- 
ing matter thrown into their 
principal vessels, is one of the 
most interesting subjects of 
microscopic examination. Tlie 
ai't of making successful pre- 
parations of this kind is one 
in whicli perfection ciin usually 
be attained only by long pi*ac- 
tice and by attention to a. 
great number of minute par- 
ticulars ; and better specimens 
may be obtained, thei-efoi-e, 



Fio. 70:5. — Transverse section of small intes 


from those who have made it tme of rat, showing the villi 


a, business to producer them 

than are likely to be pi'epared by amateurs for themselves. For 
this reason no account of the process will bo here ohered, the minute 
'details which need to be attended to, in order to atcain successful 



Fig. 794.— Section of tiie toe of a mouse: g, o, a, tarsal bones; h, digital artery; 
c, vascular loops in the papilla* forming the thick epidermic cushion on the under 
surface ; (fj distribution of vessels in the matrix of the claw. 

• 1 ‘esults, being I’eadily accessible elsewhere to such as desire to put it 
in practice.^ 

1 See especially the article ‘Injection’ in the Micrograj)/iic Dictionary \ M, 
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Many anatomical pai ts, when well injected and mounted, become 
objects of both interest and instruction. This is the case with the 
villi of the intestine^ seen in fig. 793, which presents a transverse 
section, in which they are seen in situ. A thin section of the toe 
of a mouse (fig. 794) is another illustmtion of the efifectiveness of 
this mode of preparation. 

A relation may genei*ally be traced between the disposition of 
the capillary vessels and the functions they subserve ; but that 
i*elation is obviously, so to speak, of a mechanical kind, the arrange - 




Fig. 795. — Capillary network 
around fat-cells. 


Fio. 796. — Capillary network of 
muscle. 


ment of the vessels not in any way determining tlie function, but 
merely administering to it, like the arrangement of water or gas 
pipes in a manufactory. Thus, in fig. 795, we see that the capil- 
laries of adipose substance are disposed in a network with rounded’ 
meshes, so as to distribute the blood among the fat-cells ; whilst in 
fig. 796 we see the meshes enormously elongated, so as to permit 
the muscular fibres to lie in them. Again, in fig. 797, we observe 
the disposition of the aipillaries around the orifices of the follicles 



Fig. 797. — Distribution of capil- 
laries in mucous membrane. 



Fig. 798. — Distribution of capil- 
laries in skin of finger. 


of a mucous membrane ; whilst in fig. 798 we see the looped 
arrangement which exists in the papillary surface of the skin, and 
wdiich is subservient to the nutrition of the epidermis and to the 
activity of the sensory nerves. 

In no part of the circulating apparatus, however, does the 
disposition of the capillaries present more points of interest than it 
does in the respiratory organs. In bony fishes the respiratoiy suiTace 

Robin's work, Du Microscope et des Injections'., Prof. H. Frey’s treatise, Das Mikro- 
shop und die mikroskopische Technik; Dr. Beale’s to work with the Micro^ 

scope ; the Handbook to the Physiological Laboratory ; and Rutherford's ancB 
Schafer’s treatises on Practical Histology. 
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is formed by an outward extension into fiinges of gills^ eacli of which 
consists ot an arch with sti^aight lamiiife hanging down from it, and 
every one of these lamime (fig. 799) is furnished with a double row 
of leaflets, which is most minutely supplied with blood-vessels, 
their network (as seen at A) 
being so close that its meshes 
(indicated by the dots in the 
figure) cover less space than the 
vessels themselves. The gills of 
fish are not ciliated on their 
surface, like those of molluscs 
and of the larva of the water - 
newt, the necessity for such a 
mode of renewing the fluid in 
conbict with them being super- 
seded by the muscular apparatus 
with which their gill- chamber is 
furnished. But in batrachians 
and reptiles the respiratory sui*- 
face is foianed by the walls of 
an internal Cixvity, that of the 
lungs: these organs, however, 
are constructed on a plan very 
different fi’om that which they 
present in higher Vertebratii, 
the great extension of suiTace 
whicll is eflEected in the lattei* 799. — Two l)ranchial processes of tho 

by tho minute subdivision of 

the cavity not being here neces- cesses enlarged, showing the capillary 
sary. In the frog (for example) iietwork of the lamelUe. 
the cavity of each lung is un- 
divided ; its walls, whicll are 
tliin and membranous at the 
lower part, there present a 
simple smooth expanse ; and it 
is only at the upper part, whei*e 
the extensions of the tracheal 
cartilage foim a network over 
the interior, that its surface is 
depressed into sacculi whose 


lining is crowded with blood- 
vessels (fig. 800). In this 
manner a set of air-cells is 
formed in the thickness of the 
upper wall of the lung, which Fig. 800.-- Interior of upper part of 

communiaxte with the general lung of frcg. 

cavity, and very much increase 

the surface over which the blood comes into relation with the air ; 
but each air-cell has a capillary network of its own, which lies 
on one side against its wall, so iis only to be exposed to the air 
on its free surface. In the elongated lung of the snake the same 
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general arrangement })revails ; but the cartilaginous reticulation 
of its upper part projects much farther into the cavity, and incloses 
in its meshes (which are usually square, or nearly so) several layers 
of air-cells, which communicate, one through another, with the 
genei*al cavity. The structure of the lungs of birds pi*esents us with 
an ariungement of a very ditfei*ent kind, the purpose of which is to 
expose a veiy huge amount of capillary surface to the influence of the 
air. The entire mass of each lung may be considered as subdivided 
into an immense number of ‘ lobules ’ or ‘ kinglets’ (fig. 801 , B), each of 


A B 



Fig. 801. — Interior Btruelure of lung of fowl, as displayed by a section, A 
passing in the direction of a bronchial tube, and by another section B 
cutting it across. 



Fkj. 802. — Anangement of the capillaries on the walls of the air-cells of 
the hunuin lung. 

which has its own bronchial tube (or subdivision of the windpipe) 
and its o\yn system of blood-vessels, which have very little (com- 
munication with those of other lobules. Ejich lobule has a central 
cavity, which closely resembles that of a frog’s lung in miniatui'e, 
having its walls strengthened by a netwoi*k of cartilage derived from 
the bronchial tube. A, in the interspaces of which ai-e openings lead- 
ing to sacculi in their substance. But each of these cavities is sur- 
i-ounded by a solid plexus of blood-vessels, which does not seem to be 
covered by any limiting membmne, but which admits air from the 
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-centra] cavity freely between its meshes ; and tliiis its capillaries ai‘e 
in immediate relation with air on all sides — a provision that is ob- 
viously veiy favourable to the complete and I'apid aeration of the blood 
they containd In the lung of man and mammals, again, the plan of 
structure differs from the foregoing, though the general effect of it is 
the same. For its whole interior is divided up into minute air-cells, 
which freely communicate with ejich other, and with the ultimate 
ramifications of the air-tubes into which the trachea subdivides ; and 
the network of blood-vessels (fig. 802 ) is so disposed in the partitions 
between these cavities that the blood is exposed to the air on botli 
sides. It has been calculated that the number of these air-cells 
grouped around the teianination of each air-tube in man is not less 
than eighteen thousand, and that the total number in the entire 
lung is six hii,n(lrp(l miUtons, 

1 On the respiratory organs of birds, see Campaiia, La liespDatioii drs Otseaux^ 
Paris, 1H75. 
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CHAPTER XXIII 

APPLICATION OF THE MICliOSGOPE TO GEOLOGICAL 
INVESTIGATION 

Tue utility of the microscope is by no means limited to the deter- 
mination of the structui'e and actions of the organised beings at 
present living on tlie surface of the earth ; for a vast amount of 
information is afforded by its means to the geological iiupiirer, not 
only with regard to the essential nature and composition of the rock- 
masses of which its crust is composed, but also witli regard to the 
minute characters of the many vegetable and animal lemains that 
are intombed therein. 

The systematic employment of the instrument in petrographical 
research dates from 1858, when Dr. H. 0. 8orby, F.R.8., published his 
classical papei* ‘ On the Microscopical Structure of Crystals, indicating 
the Origin of Minerals and Rocks.’ ^ The observations in this paper 
were based upon the microscopical examination of thin sections of 
rocks and minerals ; still, although Dr. Sorby was the first to apply 
this manner of investigation to such objects, the first to suggest and 
arrange the method of preparing thin sections appears to have been 
William Nicol. A description of his method is given byH. Witham 
(1831).*'^ Previous to 1858 only those minerals could be examined 
microscopicfdly which possessed the necessary degree of transparency, 
whilst I'ocks were largely closed secrets. Nevertlieless Cordiei* (in 
1815) w{»s able to determine the constituent minerals of many I’ocks 
by the study of the powder under the microscope ; a procedure which 
Fdeurian de Bellevue had previously recommended in 1800, and 
which is still found valuable for certain purposes. Seven years before 
Dr. Sorby ’s paper appeared, the German scholar Oschatz exhibited 
a series of thin sections of minerals ajiid rocks and drew attention 
to their important beai ing upon structural studies, but the collection 
Wiis regarded more as a curiosity than as a scientific achievement.^ 

That paper, however, gave an enormous impetus to geological 
research, and this, in the hands of English and Geiinan students, 
led to the growth of a ‘ micro-petrology.’ 

In order to ex.amine minerals and rocks, sections must be pre- 
pared thin enough to peimit of the use of transmitted light; for 

* Quart. Journ. Geol. Soc. vol. xiv. 1858, pp. 453-500. 

^ Observations on Fossil Vegetables^ Edinburgh and London, 1831. 

The history of the application of the microscope to geology has been sketched 
by F. Zirkel in his paper JOie Einfuhrung des Mikroskops in das miner alogiscli- 
geologischc Studium^ Leipzig, 1881. 
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this purpose they should be from about y^^th'to 
thick. 

A chip about an inch square is struck or cut oft" the specimen to 
be studied. (.)ne surface of this is then ground down on a flat cast- 
iron plate with emery and water. This giinding may be done either by 
hand or by means of a machine specially constructed for this purpose 
(Chap. YIT).^ Tlie former method will be described here. When 
a smooth surface is at last obtained the specimen is well washed with 
water and then polished upon a slab of plate glass with the finest 
flour emery and water. When all ineqmdities are thus lemoved the 
fragment is again well cleansed from all adhering emery. 

The next process is to cement it with Canada balsam uj)on a slab 
of glass about two inches square and about an eighth of an inch in 
thickness. The Canada balsam is first heated over a spirit lamp in 
an iron sjjooiij care being taken not to allow it to biun. This is the 
most diftic ult part of the whole process, and only ex})erieiice can teach 
how long the balsam must be heated in order to possess, on cooling, 
the necessary hardness. If it be heated too long it will crack u})on 
cooling. The right j)oint appears to be that in which large air-bubbles 
force themselves through the viscous mass. 

A small quantity of the warm balsam is poured upon the slab of 
glass, and the smooth surface of the rock-fi-agment, being ])ressed into 
the balsam, is held down iq)on the glass till the balsjun hardens. The 
slab is then examined from its under side to see that no aii’-biibbles 
have been included between the glass and the stone. Shoidd they be 
present in any quantity, the whole process must be repeated. When 
the balsam has quite hardened, the other side of the fragment is 
ground down with coarse emery and water on the iron plate. Upon 
the section commencing to become transparent, the grinding with the 
coarse emery must cease. The stone is then th(n*oughly cleansed 
with water, and the final grinding is conducted upon the ])late-glass 
slab with flour emery and water. 

The slide is then placed under a stream of water in order to 
remove all traces of the emery powder from the minute j^oi-es of the 
rock. This is now the time to employ chemical tests to the com- 
ponent minerals, if such a course be deemed advisable. If the rock 
is of a fragile nature, it is well to mount the section as it is ; but in 
most cases it is possible by delicate manipulation- to remove it to a 
mounting more suited to optical work. This transference is eftected 

1 F. G. Cuttell (61 Camden Road, N.W.), T. Riley (18 Burnfoofc Avenue, 
Fulham, S.W.), and J. Rhodes, Museum of Geology, Jerniyn Street, S.W., prepare 
good sections ; and the principal petrological opticians can generally recommend 
efficient oiierators. Voigt and Hochgesang (GJittingen, Rothe Str. 18) and R, Fuess 
(Berlin, S.W., 108 Alte Jacob Str.) do also most excellent work. German craftsmen 
are more skilful in overcoming difficulties (e g. with soft rocks) than English, and 
can make thinner slices. Hence, it is better to send specimens to Germany when 
thinness is desired ; but when the size of the slice is important, to have the work done 
in England. In a very thin slice the colour iihenomena are less conspicuous, so 
that reduction in thickness beyond a certain limit is not all gain ; but in rocks of 
an opaque character, or in the study of very minute structures, it is hardly possible 
to err on the side of thinness, and slices ‘made in Germany’ are much the better. 
If a student is purchasing ready-made specimens from a dealer, he will find the 
following rough test useful. Look through the slice at a window with a clear sky 
beyond ; it is too thick when the bar cannot be distinctly seen. 
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by the applic{\tion of* a gentle heat to the slab until the balsam 
becomes licpiefied, when the section can be pushed with a piece of 
wire on to a suitable slide of glass. Obviously a drop of balsam 
should be poured upon the latter before the section is transferred. 
The slide is then warmed until the balsam becomes licpiid, when the 
superfluous quantity is drawn over the upper surface of the section. 
When the section is completely coverecl with the l)alsam, a thin 
clean cover-glass is held for a moment over the spirit flame and laid 
upon the section. Oentle pressure is then a])plied to the surface to 
bring it close down to the section and to remove all air-bubbles. 
The slide is then allowed to become quite hard, when it may be 
cleansed with turpentine or alcohol and ethei*. 

Very porous rocks must first be treated with Canada balsam, in 
order to give them the consistency necessary for the ])reparation of 
thin sections. Isolated minei*al grains and sands can lie mounted 
by means of Canada balsam dissolved in chloroform. The slide must 
not be heated, ])ut evaporation allowed to take place. Another 
method is described by Thoulet ; ^ whilst ^•ery soft m* decomposed 
rocks should be mounted according to Wichmanii’s proposal.*^ 

In the application of the microscope to peti*ologi(*al and minera- 
logical research the employment of polaiased light is constantly in- 
quired, and various means and appliances ai'e needful for its most 
advantageous apj)lication, which are not required liy the ordinary 
microscopist. Considerable . pains have lieen liestowed by both 
English and Continental makers to fulfil the re(|uii'ements, and good 
instruments are now j)lentiful.*^ 

An instrument designed by Mi*. Allan Dick has been brought 
out by Messrs. J. 8wift and 8on. As this combim^s all tliat experi- 
ence has led petrologists to consider desirable for mineral ogical 
and ])etrological investigation, a brief account of it is subjoined. It 
is specially adajited to the study of the optical properties of minerals 
generally, ami ])articularly to that of the thin plates of minerals seen 
in ordinary sections of rocks prepared for mi (Toscopi cal examination. 
The microscojje is shown in fig. 803, but sim^e tbe engraving was 
made one or two iinjirovements as to matters of detail have been 
introduced.'^ 

The eyepiece tube is slotted at E to i*ecei\ (* the micrraiieter scale 
(shown detached at F), and to flie tube is hinged the analyser IE, 
which is capable of independent rotation in the usual manner. 
Upon the eyepiece tube is mounted a toothed wheel, which geai’s 
into another toothed wheel mounted on one end of a rod formed of 
].)inion wire. The stage, in the newe.st forms, is fitted with a scale 
of rectangular divisions insei*ted to act as a finder, and with a i*oller 
object-clip (patented by the makers) in place of the usual sliding bar. 
Below the stage, which has neither sliding nor rotatory iriov^ements, 

* Annalea de (Jhunie et de Phi/sique (5), xx. ])}>. a02-482. 

Tschonnak’s Mineraloqisclie and Fctrofjr. Mitt. Bel. v. 1KH2, p. B3. 

Mr. J. Swift, of Tottenham Court Road, Mr. Watson, of Holborn, London, and 
Messrs. Henry Crouch, Limited, make suitable instruments. Those constructed by 
Zeiss, of Jena ; Nachet, of Paris ; Voigt and Hochgesang, of Giittingen ; Fuess, of 
Berlin ; and Hartnack, of Potsdam, can also be n'commended. 

‘ The instrument is protected by letters patent. 
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is niovintpd t]\e polariser, B. capable of independent rotation like the 
nirdysor, and n[)(>ii the tube of the polariser is iiH)unt<‘d a tootlied 
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tlie pinion wire, the object being to allow of the raising or lowering 
of the body of the microscope for focussing. The analyser and the 
j)olariser may thus be I'otated synchronously without disconnecting 
their toothed wheels. The polariser, in the latest form of the 
instrument, is mounted on a crank arm, so that, if not required, it 
may be thrown out of the axis of the stand. Now, in the microscopes 
usually constructed for petrological woik the rotation of a small 
ci-ystal on the stage between the polarising and the analysing pi*isms 
is liable to put it out of position in regard to the cross-threads in 
the eyepiece, as the centring of the objective is scarcely ever so 
perfect as not to produce soine displacement ; and, if the centring 
be adjusted so as to be perfect for one objective, it is likely to be 
faulty for another. (By a small crystal is meant a crystal under the 
1 inch, in diameter, and of such thickness as one finds at 

the edges of petrological sections.) Hence, by the arrangement 
descidbed above, centring is dispensed with, and the object is made to 
rotate between the two prisms of the polarising apparatus without 
changing its position beneath the objectiv^e. To a petrologist who 
is accustomed to a rotating .stage and fixed cross-wires, a familiar 
section appears strange when fir.st looked at on a fixed stage with 
movable cross-wires, -but after a few hour.s’ work with the instrument 
the feeling of strangeness passes and that of the solid advantage of 
a perfect centring remains. 

On the polariser tube, above the toothed wheel and below the 
stage, is fitted a goniometer, D, which, in combination with crossed 
lines in the eyeiiiece, will permit of the measurement of the angles of 
crystals without necessitating the .shifting of the object when once 
adjusted in the field. C is a set .screw by which the polarising 
apparatus and goniometer may be fixed in any desired position. 
Both the analysing and polarising prisms ai*e divided to eveiy 45°, a 
spring catch marking the extinction point. The opening between 
the upper lens of the eyepiece and the analysing prism B' (fig. 803) 
is for the purpose of placing such plates as the ] -undulation plate K 
in position. 

The great value of the in.strument is in the facility with which 
studies in convergent light can be performed. 0 is a .slide fitted 
with a double convex lens which may be u.sed for sliowing the 
optical figures of crystals, and H is a similar slide carrying a lens 
and a diaphragm of small aperture u.sed for .showing optical pictures 
in minute cry.stals. The polari.ser is fitted with two convergent lenses, 
which work in conjunction with the lens A on the slide of the .stage, 
when great conveigence is recpiired. This slide may be pushed in 
without disturbing the object upon the .stage. The achromatic con- 
den.ser. A, .shown at the foot of the figure, also works in conjunction 
with the .slidinglens, A, when the hi ghe.st angular aperture is required.^ 

1 111 the latest made instruments a new achromatic convergent system is intro- 
duced over the jiolariser. It gives a N.A. of I’OO, and an aplanatic cone 0 92. When 
used as an immersion condenser, these are increased respectively to 1-12 and 1’05. 
It IS fitted with an iris diaphragm placed above the polarising prism. A milled 
collar actuates the focussing of the lower portion of the condenser. The fine adjust- 
ment is the differential-screw form, which is sufficiently delicate and accurate to 
determine the refractive index of minerals by the difference between the focus taken 
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When convergent light is required the slide on the stage and 
either (4 or H are pushed in, and the eyepiece covered with the 
analyser B'. The optical figures of the crystal tlien appear with 
almost ideal clearness. If this simple method is compared with that 
previously in use, the superiority of the instrument will be im- 
mediately recognised. It is in fact the most perfect petrological 
microscope yet issued, and is one whicli will suit equally the minera- 
logical and petrological student. 

The microscopical investigation of rock sections has almost re- 
volutionised petrology. Although the geologist has no difficulty in 
determining by his unaided eye with the use of simple chemical teats 
the mineral components of rocks of coarse texture, the case is 
<lifferent with those of extremely fine grain ; still more with such as 
present an apparently homogeneous, compact, or glassy character. 
The study reveals facts of the most striking significance, and wel- 
come light has been thiown upon the question of the order and 
method of formation of rock constituents.^ 

The mateiaal which issues from a volcano during an eruption 
is rarely in a state of comjdete fusion. In most cases it contains 
crystals and parts of crystals which have formed before the ariival 
of the fluid mass at the surface of the earth. 8uch crystals are 
usually of large size and can genei'ally be recognised with tlie naked 
eye. But sometimes these have undergone other changes before the 
final consolidation of tlie rock. They may have been foianed \nider high 
pressure, for the pressure lowers themelting-j)ointof most substances. 
Accordingly, as tl\e pressure is i-elicved upon the lava gt‘tting at or 
near the surface, the crystals which are floating in the fused mass 
at the time are liable to become corroded or redissolved. Again, some 
subterranean change may produce a distinct rise in the tenij)erafui*e 
of tlie mass, or an access of heated water may increase the solvent 
power of the molten portion. Instances of cori*osioii from one or 
moi*e of these causes ai*e numerous. The quartzes of the quartz- 

through the substance and its outside measure, the milled head being divided to 50, 
and each division equalling one thousandth of a millimetre. A wheel of small aper- 
tures is fitted to the upper Bertrand lens of the microscope for the purjiose of show- 
ing optical pictures in minute crystals of various sizes. 

^ The reader is referred to the following works treating of the mierosco])ical charac- 
ters of minerals and rocks ; — F. Fouqu^ et Michel L^vy, Muttralogle micrographique, 
Paris, 1878; E.Hussak, AnJcitu ng zumBestimmender gesteinshiMemlen Mineralien, 
Leipzig, 1885; E. Kalkowsky, Elcmente del' Lithologte, Heidelberg, 1886; A. V. 
Lasaulx, Elemeiite der FetrograjAnr, Bonn, 1875, and Enifuhruiig i)i die Gesteiiis- 
Breslau, 1886 (also edition m French) ; Levy et Lacroix, Les Mineraux des 
Jiorhes, Paris, 1888 ; F. H. Rosenbusch, M tkroskopischc Physiographic^ 2nd edition, 
vol. i. ‘ Die Mineralien ’ (translated into English by Iddings), vol. ii. ‘ Die massigen 
Gesteine;’ Hillfstahellen ziir mikroskopischcn Miner alhcstnnmung in Gesteinen 
(translated into English by F. H. Hatch); and Elcmente der Gcsieinlehre, 1898; 
F. Rutley, The Study of hocks, 8rd edition, 1884, and Rock- forming Minerals, 1888 ; 
J. J. H. Teall, British Petrography, 1888; F. Zirkel, Lehrhnch der Petrographic, 
2 vols. 2nd edition, 1893; Basalt gesteine, Bonn, 1870; Die mikroskopische Beschaf- 
fenhe it der Mineralien and Gesteine, Leipzig, 1873 ; Mieroscojncal Petrography 
(U.S. Geol. Exploration of 40th parallel), Washington, 1876; A. Harker, Petrology 
for Students, 1895 (Ist edition). The English student will find much valuable infor- 
mation and useful directions in G. A. J. Cole’s Aids to Practical Geology. But the 
literature is now so voluminous that it is practically impossible to give anything like 
a complete list ; for important x^apers will be found in almost every periodical deal- 
ing with geology, among which those published in the United States must not be 
forgotten. 
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porphyries have this corroded appearance ; whilst the porphyritic 
constituents of the basic rocks (hornblende, olivine, ike.) not in- 
frequently show the same alteration {vide fig. 804 ; the dotted line 
marks the original outline). In the case of the hornblende the 
dissolved portions usually give rise to the formation of small grains 
of augite and magnetite, which are then found encircling the 
* mother- crystal.’ Biotite is somewhat similarly affected, and some- 
times the whole crystal in either mineral may be i*endered almost 
opaque by the separation of minute grains of magnetite. 

The movement of the igm^ous mass may cause fracture of the 
crystals owing to strain or to mutual pressiu’e. The pieces of such 
broken crystals may often be found in one and the same section, 
sometimes at no great distance from each other. As tlie magma 
solidifies, a further development of crystals occurs. The products of 
this period constitute the ‘ ground-mass ’ of the rock and are usually 
small in size, the microscope being frecpiently lequired for their 
detection and deteimination. 

A glass is sometimes produced in the last stage of consolidation. 


M 

Fig. 804. — Corroded olivine in basalt Fig. 805. — Microlites. (Alter Zirkel.) 

of Kilimanjaro, East Africa. 

and appears as a base or ‘setting’ to the prtwiously formed minerals. 
Tiiis, however, is usually studded by minute mineral products endea- 
vouring to crystalli.se under unfavourable circumstances, (generally 
speaking, these products are present in two stages of development. 
The less perfectly developed forms of these are known as crtjstallites. 
They occur in a variety of forms — hair-like, spherical, &c. — and the 
smaller forms appeal- to be c})tically inactive. In some instances, 
such as those termed ‘ globulites,’ they may be minute segrega- 
tions of a gla.ssy natui-e ; in othei-s crystalline aggi-egates, in which 
fi-om the extreme minuteness of the constituents and their mutual 
interference the usual te.sts fail ; in other ca.ses they may bt' desig- 
nated embi-yonic ci-ystals. 

The bodies belonging to the higher stage of development are called 
microlites or microliths (fig. 805). They differ from the crystallites 
in possessing the internal sti*ucture of true ci*ystals and in acting on 
polarised light. The position of the microlites with i-eference to 
each other or to the large crystals is frequently an indicator of the 
movements of the original fluid mass. When streaius of microlites 
are seen lying with their long axes in one direction, this direction is 
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equivalent to that of the flow, and where such streams encounter 
large crystals they sweep round them in graceful curves : this 
appearance in a rock is known as fluxion-structure. 

In certain glassy i*ocks microlites are collected into more oi* 
less spherical masses, exhibiting a ladial structure, called spheru- 
lites ; commonly these are not bigger than a pea, but sometimes 
they are one or two inches in diameter ; they are then less regulai* 
in shape and structure and are often named for distinction pyro- 
nierides. Chemical analysis often shows that they differ slightly 
in composition from the base. Crystalline rocks Jilso sometimes 
exhibit a similar structure, e.g. the orbicular diorite of Corsica. 
A spherulitic structure can be produced in a compact rock by subse- 
(juent heating, short of melting, and many glassy rocks in lapse of 
time become ‘ devitrifled ’ by setting up an obscure confused crys- 
talline structure.^ 

Masses of molten mateiial may, however, consolidate at a con- 
siderable depth beneath the siu-face of the earth ; in such cases the 
distinction between the first and second periods 
of crystallisation is not generally so well 
marked. 

A crystal is, in one T*es[)ect, like an 
organism — it is affected by its environment. 

The crystal modifies its surroundings, and 
is in turn modified by them ; there is action 
aiid reaction between it and its environment. 

This remarkable pi*operty of all crystalline 
bodies is well shown by the micTOscope. 

Crystals are constantly found built up of 
different layers or zones of material slightly 
unlike in their optical characters, and thus Znkel.) 
dissimilar in chemical constitution. This is 

the so-called zonal structure, and is common in the felspars and 
augites — in short, in nearly all minerals which admit of isomor- 
phic replacement in their constituents (fig. 80(5). Its pi eseiice in the 
case of the augites is often indicated by a difierence in colour. This 
structure may be experimentally j)ro(luced by placing an artificial 
crystal in a solution of a substance isomorphic with that of the 
ciystal. 

The mici'oscope has l endered another great service, inasmuch as 
it has enabled the petrologist to draw conclusions as to the physical 
condition of the fused mass or magum at the time crystallisation 
commenced. All chemists are aware that when crystals are deposited 
from solutions at oi-dinary temperatures they usually contain small 
cavities full of the mother -liquor. Now, the growth of crystals in 
igneous rocks is exactly analogous to that in a supersaturated siiline 
solution. Portions of the fused mass become enhingled, which on 
cooling remain in a glassy condition, or ‘ become stony, so as to 
produce what may be called gkiss- or stone-cavities.’ ^ Wlien formed 

1 This subject is discussed iii Quart. Journ, Gent. Soc. 1885 (Presidential 
address). 

2 Sorby, Quart. Journ, Gent. Soc, 1858, p. 242. 

:i z 
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Tinder great pressure by the combined influence of liquid water and 
fused mineral matter the crystals will contain glass-cavities and also 
fluid inclusions. 

Glass-inclusions are very abundant in the porphyritic cryshils 
of volcanic rocks, and represent to some extent the composition of 
the fused mass at the period of inclosure. The glass composing the 
inclusions is often darker in colour than the glass forming the base 
of fche rock. This is perhaps due to the presence in the glass of 
the inclusions of a greater amount of iron and the bases usually 
associated with it. The glass often contains crystallites and mici*o- 
lites, due sometimes to inclosure at the same time, sometimes to a 
subsequent crystallising action set up by the glass. Gas bubbh\s 
are also inclosed. 

The existence of fluid inclusions in crystals has long been known ; 
but not until Dr. Sorby directed his attention to the subject was 
their universal distribution in rock-constituents imagined, or their 
bearing upon geologic^il problems recognised. They are often very 
minute, being frequently less than j-^yL,,-j,th of an inch in diametei*. 
They are rare or absent in i*ocks of the volcanic group, but are 
especially characteristic of the plutonic rocks, such as gi-anite, 
gabbro, diorite, &c. Where glass-inclusions are common, fluiil 
inclusions are rare or wanting. 

The forms of such inclusions vary, but sometimes they am 
bounded by planes corresponding to the external faces of the crystals, 
in which case they are termed ‘ negative ’ cry.stals. 

Sometimes the fluid inclusions are so numerous in the quartzes 
of the granites as to be, according to Dr. Sorby,^ ‘ not above the 
y^L(,th of an inch apart. This agrees with the pro 2 )ortion of a 
thousand millions to a cubic inch, and in some cases they must be 
more than ten times as many.' 

An intimate relation usually exists between the number of 
cavities in a crystal and the rate at which it was formed. 
Generally speaking, it may be said that the more rapid the growth, 
the more numerous the inclusions. 

Not infrequently the cjivities contain bubbles varying from 
i .5 (Voo^^^ to These bubbles sometimes 

possess an apparently spontaneous movement, at other times heat 
mTist be applied to produce a (diange of position . 

According to Dr. Soi*by's experiments, the bubbles ai’ise in con- 
sequence of the contraction of the liquid on cooling from the high 
temperature at which the cavities were filled. 

The nature of the inclosed fluid has been determined with some 
accvTracy. Generally the liquid is a solution of watei* charged with 
salts ; but occasionally it is sufficiently concentrated to cause the de- 
position in the cavities of little cubes of salt. The pi’esence has also 
been established of liquid carbonic dioxide, the bubble of which dis- 
appeared at about 32° O., the critical point for this gas.'^ 

Tlie discovery in the mineral components of plutonic rocks of 

1 Sorby, Quart. Journ. Geol.-Soc. 1858, p. 48fi. 

2 The api)lication of the burning end of a cigar to the section is usually sufficient 
to cause the bubble to disappear. 
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these fluid inclusions is nifinifestly of high imporhince. Daubree’s 
experiments have shown the enormous mineral -forming powers 
possessed by greatly heated water, while the j)i'esence of liquid carbonic 
dioxide testifies to the enormous pressure under which plutonic 
rocks, such as granite and diorite, have consolidated. 

Inclusions of gaseous matttw are also common ; and it is self- 
evident that the occurrence of one minei'al in another is no rarity ; 
the included mineral being generally the older. To such microscopic 
inclusions of crystalline bodies is due the r(*markable colour of some 
minerals. In fact, so numerous and so minuter are tlie inclusions in 
some minerals that even with high powers the minerals appear to 
be chai’ged with the finest dust. Leiicite sometimes affords a good 
instance of this (fig. 807). Not iinfrequentl v, as with it, the included 
microlites are so arranged as to outline a crystal of the mineral. 

The foregoing allows us to conclude that an absolutely pure 
mineral is exceptional. All such mineral bodies contain inclosures 
of foreign matter which have become entivngled during their forma- 
tion ; when they contain glass-inclusions they liavebeen precipitated 
out of a mass in the condition of igneous fusion. It follows, therefore, 
tliat the presence of amorphous glass, either as 
a, glassy residue or as glass-inclusions, is a 
frequent characteristic of igneous rocks. Still, 
tlie absence of such material does not always 
demonstrate a, non-igneous origin, for plutonic ' 

rocks, such as granite, do not possess this feature, 

having become solid under circumstances which — Leucite from 

brought about complete ciystallisation of the Kilimanjaro, East 
materials. Gbiss-inclusions are certainly re- Africa, 
ported by Sigmund ^ to be jmesent in the (]uartzes 

of the granites of the Monte Mulatto, near Predazzo, in South 
Tyrol, but Y. Chrustschoff considers them [iroducts of contact- 
metamor phism . 

We have dealt hitherto move especially witli igneous masses, but 
the sedimentary rocks demand some attention. 

The microscope enables us to recognise to some extent the sources 
whence the materials composing clastic- rocks were derived. For 
instance, the presence of quartzes (containing numerous fluid inclusions 
(especially those of carbonic dioxide) and hair-like crystals of rutile 
leads us to conclude they are derivc'd from granites or similar rocks. 
The cemented material can also be .studied and its nature determined. 
In certain loose sands and sandstones there has sometimes occurred a 
(cui-ious process which the microscope fii*st brought under notice. 
This is the preci])itation on the outer .Mirface of rounded quartz- 
grains of a greater or le.ss amount of .silica, whicch has been depo.sited 
in ciystalline continuity with that of the original nuclei (fig. 808). 
The phenomenon is like that whicdi hapi)ens when an iri*egular frag- 
ment of a ciystal is placed in a concentrated solution of the same 

^ ‘ PetrograpViische Sfcudieii am Granit von Predazzo,’ Jalirh. k. k. geol. JReiclis- 
anstdJt, Bd. xxix. 1879, pp. 805-316. 

- Greek /fXa(rT<:»s = broken. See on this subject T. G. Bonney, Presidential ad- 
dress to Section C, Bnt. Assoc, lieports (Birmingham), 1886. 

3 z2 
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salt slowly evaporating. Restoration of the broken angles first takes 
place ; then deposition goes on over the whole exposed surface, in 
perfect optical and crystalline continuity, so as to change a broken 
fragment into a definite crystal. A similar process frequently takes 
place in limestones which are not absolutely pure.^ Sometimes this 
secondary deposit is carried so fiir on the grains of a clean sandstone 
that the interstices ai e completely filled up and the l ock is converted 
into a quartzite. 

By the microscopical examination of volcanic dust or ashes it is 
possible to determine the constitution of the igneous mjiss whose 
eruption gave rise to such material. Thus the aslies and dust which 
fell at various places after the great Krakatoa eruption in 1883 were 
found to belong to an acid lava, a pyroxene andesite. ^ 

Further, glacial boulders can be siitisfactorily identified with rocks 
In situ by a microscopical examination of their thin sections. Thus 
Norwegian rocks have been shown to occur as boulders in the 
Eastern Counties, wliile Swedish and Finnish 
rocks are common in the drift of North 
Germany and Saxony. 

We now come to the discussion of the 
metamorphism to which all rock-masses ai’e 
liable. The metamoi’phism caused by atmo- 
spheric agencies results in decomposition and 
disintegration. The constituents are, of 
coui-se, very differently affected, but rapidity 
of disintegration demands the decomposition 
of one of the j)rinci[)al constituents. Such a 
'mtlfmuTh qmi'iltMB) dt- constituent is felspai-, whicli deconiposes under 
posited on tlie surface the influence of water chaiged with caibonic 
(After Dr. 8orby.) acid into kaolin ; while tlie products of the 

decomposition of non-aluminous minerals are 
carbonates, feri'ic oxide, and quartz. The minute accessory con- 
stituents, such as the titanium oxides, are not affected by these 
agencies, and hence are to be found in all clays and sands. At 
greater depths from the surface disintegration is replaced by the 
formation of new, especially hydrous, minerals. Thus ser})entin(‘ 
is formed from olivine, and sometimes from suitable varieties of* 
augite oi' hoi*nblende ; chlorite from biotite ; epidote from suitable 
minerals, and so on. 

Thermal waters charged with various substances are common in 
all volcanic disti-icts and play their pait in the metamorphosis of 
rocks. In this way a volcanic rock may become silicified through 
the percolation of such solutions; and microscopical examination has 

1 E. Wethered, Quart. Journ, Geol. Sac. xlviii. (1892), p. 877. 

^ See J . Murray and A. Renard on ‘ Volcanic Ashes and Cosmic Dust ’ in Natui'c^ 
1884, vol. xxix. p. 585; also J. W. Judd, Krakatoa Report, published by the Royal 
Society. 

® W. M. Hutchins, however, is of opinion that rutile is produced as a 
secondary mineral in certain slates, though he would not dispute its occurrence as 
stated above {Geol. Mag. 1890, p. 264). A series of papers bearing on the subject 
which he has published since that date in the same periodical are all worthy of 
careful study. 
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shown that in portions of the Roche Castle rock, in Pembrokeshire, 
the porphyritic felspars have been replaced by qnaitz. The 
tourmaline, gilbertite, and other minerals often found at or near 
the junction of granite and sedimentaries (e.g. in parts of Cornwall 
and Devon) are probably results of hydrothermal metamorphism, and 
in this way many metallic ores may be deposited ; while the conver- 
sion of peridotites into serpentines, sandstones into quartzites (not 
to mention other instances), are results of the action of water, 
probably with some slight increase of pressure and temperature. 

The intrusion of an igneous rock generally has an important 
influence on the structure and minera, logical composition of the 
surrounding mass, portions of whicli it can include and partially 
dissolve (contact-metamorphism). Sections from the junction of an 
igneous rock with one of sedimentary origin are highly interesting. 
The metamorphism is found to consist lai*gely in the development of 
new minerals, such as chiastolite, andaliisite, bi-own and white mica, 
garnets, staurolite, Ac. ; the first and third of these appear to form most 
readily, andalusite after a time replacing chiastolite ; while the last 
three require high temperatuics. (Jradually the original sedi- 
mentary structure disappears from a rock affected by contact- 
metamorphism, and one truly crystalline is sot up, which, howevei*, 
has characters of its own.^ Limestone becomes ciystalline, fossils 
disappearing, and minerals such as wollastonite, idocrase, Ac., are 
formed from impurities. Occasionally the heat is so intense as to 
fuse at least the matrix of sandstones into a brownish glass. 

The microscope has also proved most useful in studying questions 
relating to dynamic metamorphism, or that due to ‘ earth -stresses.’ 
The deformation by movement has sometimes been so great as to 
obliterate, partially or even wholly, the original structure of a rock.^ 
The intense pressuics must 2UY)duce some elevation of tempera- 
ture a,nd inci*ease the solvent action of water, so that the original 
constituents of the rock are destroyed, pai-tially, if not wholly, and 
at a later stage new minerals ai*e pioduced. It has been shown that 
many gneisses and schists (though not all) have been formed by 
crushing or shearing from igneous i*ock, e.g, gneiss from granite, 
hornblende schist from dolerite. In the former case, the crushing 
of the felspar, the formation of white mica and free quartz from 
its dust,^ the effects produced on the other minerals, can all be 
studied under the microscope ; and in the latter the conversion 
of augite into hornblende. This, however, may be brought about by 
more than one cause, and each probably produces effects which can be 
distinguished. These questions, however, on which many experienced 
petrologists have been engaged foi* at least fifteen years, are much 
too difficult and technical to be discussed in a book of this character ; 
enough to say that heat, pressure, and water, singly and conjointly, 
produce important changes in rocks, many of which can now be 
identified. 

' Bonney, Quart. Journ. Geol. Soc. xliv. (1888), p. 11. 

2 Tresca, ‘ Flow of Solids,’ Pror. Inst. MecJi. Png. 1878, p. 301. 

^ A minute hydrous mica, often called sericite, seems to form readily in an 
argillaceous rock under pressure. The silky-looking slates (to which the name 
phyllite is restricted by some authors) are largely composed of it. 
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The optical methods now in use enable the petrologist to determine 
the constituents of i*ock-masses with great success.. The colour 
of the mineral in transmitted light, the crystallographic outlines, 
the direction of the cleavage planes, the polarisation tints, the posi- 
tion of the axes of elasticity, as also of the optical axes, all these, 
with other minor properties, render his detei*minations of real value. 
In certain cases pleochi’oism is a. valuable test ; this is well deve- 
loped in such minerals as hornblende, biotite, tourmaline, t^c. 

Very important sei'vice has been rendered by the microscope in 
the study of the phenomena known as optical anomalies. There 
exist a large number of minerals which show in tliin sections optical 
properties which do not agree with those of the crystal system to 
which they belong. Ex})eriment has pi-oved that compression, 
strain, or other mechanical distoi tion. may cjuise amorphous bodies, 
like glass, and crystals belonging to the regular system to become 
double-refracting, and a uniaxial crystal becomes biaxial by the ap[)li- 
cation of pressure at l ight angles to its optical axis. 

Mention may well be made here of 
the anomalies j)resented by the mineral 
leucite, which is a most important con- 
stituent of the lavas of Vesuvius and 
the neighboLii-hood of Rome. It crystal- 
lises ap})arently in icositetrahedra (fig. 
809), and thus to belong to the regular 
system it should remain dark under 
crossed nicols, that is, bo isotropic. The 
small crystals certainly behave in this 
manner, but the large ones display more 
or less double refraction with decided 
Fig. 809,— Leucite showiii^^ twin- traces of twin-lamella^ (fig. 809). This 

Striation under crossed nicols. ,„iouia.lv was for a Ions; time inexplicable, 
(After Z.rkel.) > 

revert when heated to 500'- C. to a. condition of perfect isotropy, 
which jiroperty they again lose upon becoming cool. The conclusion 
to be draAvn from his classical investigation is that the leucite 
originally ciystallised in the i-egular system and that its present 
optical condition is owing to moleculai- cliange due to strains set up 
as the temperature falls during and after solidification. It is 
worthy of notice that MM. Foucpic and Michel Ltn y have syn- 
thetically produced a leucite rock, the leucites of which possessed 
the optical anomalies described above. 

The relation between optical cliaracters and chemical constitu- 
tion has received some degree of attention, and in the case of the 
felspar group has been accurately determined. Only the ‘ quantitative ’ 
portion of the subject can be dealt with here, and we must abstain 
from the discussion of those minerals whose microscopical appearance 
leads the trained petrologist to draw qualitative conclusions. By 
employing convergent light, a slice of a mineral, cut in the right 
direction, can be examined and an ‘ optical picture ' obtained. 

' For a deBcription of the so called ‘ Erliitzuuj^s-Mikroskop,’ see Groth’s Fliyai- 
lalische Krystallogra2)7tie, Leipzig, 1885, p. 631. 
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Inferences may be drawn from the presence or absence of this on the 
surface of easiest cleavage in a flake. In a slice from a rock the 
minerals may be cut in any direction, and are often too small for 
j)ropei‘ study ; nevertheless impoi tant inferences may be drawn from 
the shadows seen to sweep over them as the stage is rotated between 
crossed nicols.^ Even if only parallel rays be used, with the ordinary 
apparatus, minerals often may be identified with practical certainty 
from their optical characters. Minerals of the i*egular system, like 
colloids, being isotropic,^ produce no eftect on the polarised rays, and 
thus remain dark between crossed nicols. So do all slices cut from 
a uniaxial mineral perpendicular to the principal axis (that of 
symmetry), for they are isotropic to light ])assing in that direction. 
The same proj)erty exists in all biaxial mineials in two directions 
(called the optic axes). But in passing through slices cut in any 
other- directions from doubly refracting nrinerals, the polarised ray is 
divided into two rays, vibrating in directions perpendicular* to each 
other and coincident with thi-ee lines called tlie axes of elasticity, 
i.e. the directions of gi*e.atest, least, and mean elasticity. When the 
slice is tui*ned into such a position that two of these correspond 
with the vibration planes of the crossed nicols, it becomes dai*k. If 
extinction (of light) occui's parallel with the trace of a jrinacoid or 
prism face (or with a corresponding cleavage plane) in a section 
through the vei-tical axis, or with the trace of the former* in a section 
perpendicirlar to it, this is called ^ straight extinction/ but if not, it 
is said to be oblicpie. Tims in a uniaxial cr*ystal every slice crrt 
parallel with the principal axis gives straight extinction. In the 
orthorhombic system, the axes of elasticity correspond with the 
cr*ystall()gra})hic axes, so nrinerals belonging to it also (extinguish 
straight. In the monoclinic system the orthodiagonal axis is an axis 
of elasticity, hence the extinction angle is at a maxinmm in clino- 
diagonal sectiorrs, arrd is zero in the zorre containing the or*tho- and 
basal pinacoids. In the triclinic system thei*e is no relation between 
the two sets of axes. Of this system, however, oscillator*y twiniring, 
producing alter-nately banded c!oloui\s, is a frequent char ‘act eristic. 
Measurerrreirts of the extinction angle ar*e of mirch value for dis- 
tinctive jrrrrposes. Thus a rhombic pyr(rxerie cair at once be dis- 
tinguished fr*orn a monoclinic by its straight extinction.^ Again the 
maxinrrrm extinction airgle iir a hor*nblerrde falls short of 20 "^ ; in an 
augite it may exceed 40°. The magnitude of this angle is affected 
by changes irr the chemical composition of a minei*al : for instance, it 
is very small irr soda-horrrblerrdes, such as glaircophane arrd riebeckite. 
It vat*ies in the felspar* group, and is very useful in distinguishing 
the several species.** But as the miirerals in a rock-section seldom 
chance to lie in the right positions for accin*ate measurement, better 

^ See for a full account of this, with illustrations, P . Fouqiie and M. Levy, Minira 
logip Miarograpliuiiie, 1879, pp. 101-3. Also F. Rutley, llock^Jorming Mine^'als, p. 84. 

That IS, having tlie ether equally elastic in all directions. 

^ Obviously, more than one observation is needed, because, as intimated above, a 
monoclinic mineral, if cut in certain directions, also gives straight extinction. 

Levy, Diterinination dea FeJspaths (1894) p. 81. Summaries of results will be 
found in Rutley, liock-forming Minerals^ PXI. 204, 221, and Cole, Aids in Practical 
Geology (see ‘ Felspar’ for the references). 
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results are generally obtained by crushing up a small fragment of 
the rock itself and mounting a few selected flakes, which can readily 
be arranged for examination. Indeed, the study of a little powdered 
rock is often valuable as an adjunct to that of a section, and when we 
have some special purpose in view, or specimens do not promise to be 
interesting, it may even obviate the necessity of cutting slices. 

The researches of the late Max Schuster have established the im- 
portant flict that ill the normal plagiochuse felspars, which may be 
considered as isomorphoiis mixtures of albite (Na2(Al2)Si(jOig) and 
anorthite (Ca(Al2)Si208), the optical and chemical characters stand 
in the closest possible relations to each other. Hence, given the 
extinction angle on a known surflice, the chemical constitution is 
known and, roughly speaking, the specific gravity. 

Another optical test of importance is the refractive index of a 
mineral. The methods of measuring this ai-e described in most of 
the lai'ger text-books, but much — often enough for all practical pur- 
poses — can be done in a rough and ready way. For instance, 
minerals with a high I’efractive index, such as diamond, garnet, 
zircon, appear to stand out conspicuously on the slide. When they 
occur ill sand or the powder of a inck this is even more marked, and 
internal reflection due to the large critical angle gives to the giain 
a strong dark outline. Again, if a mineral with a high refractive 
index be in apposition (as in a .slice fi-om a rock) with another having 
a lower one, or with Canada balsam, and a, (piai*ter-inch objective be 
used (with a plane reflector) and focussed on the top of the first 
mineral, a thin bright line is .seen ju.st within its edge ; but when 
the focus is changed to the bottom, this appears without the edge. 

The importance of pleochroism has been jdready mentioned. It 
is not seen in colourle.ss minerals, or in slices so cut as to be Isotropic 
in the plane at right angles to the path of the tran.smitted beam. 
In augite it is genei*ally w^eak, though vi.sible in some green 
varieties ; but in hornblende .strong, especially in certain varieties, 
(xlaucophane exhibits a violet blue and a leddish purple ; riebeckite 
turns almost black ; biotite, chlorite, amblystegite, and tourmaline 
.show it well, but in iolite it can be .seen only in thick .slices. The 
.student should note the I’esults as the polarised beam vibrates parallel 
with each axis of elasticity ; these facts, however, as a rule, ai’e more 
important to the petrographer than to the petrologist, and the lattei* 
will not find it worth his while to spend time in (letermining them. 

The polarisation tints of a mineral, i.e. those seen with crossed 
nicols, depend to some extent on the thickness of the slices, as has 
been already stated, but they are often variable even in the same mineral . 
Hence, though, a-s a rule, the .student will find each species gives a 
certain group of tints in the order of the chromatic scale, he must 
he prepared for abnormalities. For instance, quartz, when it occurs 
in a granite, usually gives high tints, but in a trachyte they are 
i-ather low. At first the student must be cautious in di*awing 
inferences from polarisation tints, but aftei* a certain amount of 
practice he may do this with more confidence, though he will rely more 
on the ‘quality' than on the ‘quantity’ of the colour. For in- 
stance, though both augite and olivine usu.ally afford lich coloui*s, an 
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experienced eye can generally tell the difterence, for the latter 
appears moi‘e diaphanous than the forniei*. In petrology, as in 
medicine, a cautious empiricism, which signifies experience concen- 
trated and regulated by common sense, is sometimes even more 
valuable than any amount of printed rules. 

On this account the student may be glad to have a few general 
directions as to the best method of studying a rock slice. First, 
look at it with a rather strong pocket lens, esj^ecially if it be crystal- 
line or fragmental, so as to get a good idea of its general structure, 
which is sometimes less easily seen under the microscope, becfiuse the 
field of view at any one time is small, and high magnification may 
make it ‘ hard to see the wood for the trees.’ Then place it on the 
stage and examine first with transmitted, next with reflected light. 
The former shows what minerals are colouiless, and the natural 
tints of the coloured, bringing out well slight difterences of structure, 
especially any due to incipient decomposition.^ The latter enables 
him to distinguish the opaque minerals, e.g. pyrite from magnetite, 
sometimes the latter fi*om other iron oxides ; to identify native iron, 
awaruite, and gold ; perlia.ps also graphite, but it is better to verify 
the last by powderang a little of the rock, when the streak is easily ob- 
tained. Sometimes we are lielped in distinguishing even transparent 
minerals by the difterent way in which they reflect light. Next, 
put on the polariser and examine pleochroism ; and lastly, insert the 
analyser, for the general study of the tints produced and (‘specially 
of the extinction angles of (‘ertain of the minei'als. When a mineral 
gives very low ])olarisation tints, especially in the case of certain 
aggregates, or we are seai*ching for a glassy l)ase in a slice crowded 
with microliths, we may be heli)ed by ins(u*ting a selenite or cpiartz 
plate (better just below the slide) to obtain a coloured field, fin* the 
eye can be more sure of a difiei*ence of tint than of a very faint 
glimmer of light. 

In dealing with rocks apparently clastic we have to determine 
whether the stiaicture isoriginal, or has been superinduced (by crushing 
or shearing) ; also what amount of minei-al change has subsequently 
occurred, and of what this is significant — investigations which, 
though of the highest interest, are often by no means easy, so that 
the most experienced woi-ker may occasionally be baffled. One final 
piece of advice : before adopting a conclusion, look at it all round, 
to see how it fits in with previously acquired knoAvledge and the 
probabilities in the particidar case. 

The micro-spectroscope has not at present been so much used 
by petrologists as it might have been. It has been employed 
by Professor Orville Derby in the determination of the pre- 
sence of monazite in Brazilian sands. ^ This mineral contains a 
large percentage of didymium, and accordingly gives the bands 

1 Holes in the slice and bubbles in the balsam, which often perplex beginners, 
are now most readily detected. Also a mineral of easy cleavage is sometimes slightly 
ruptured in the grinding, producing diffraction tints (as in calcite). These, between 
crossed nicols, might be mistaken for oscillatory twinning ; but at the present stage 
their true nature is obvious. 

2 This method can also be used to enhance a weak pleochroism. 

^ American Journal of Science^ vol. xxxvii. 1889, p. 109. 
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characteristic of that element. The test afibi*ded by studying tire 
colour of the flame when a small fragment is acted upon Iry the blow- 
pipe is often valuable — but this, of course, hardly forms jrart of 
microscopy. ^ 

The discovery of the presence of foreign inclusions in all minerals 
has led to a remarkable revolution in mineral -chemistry. In earlier 
days it was customary to analyse a mineral without questioning its 
purity. Hence the early analyses and the formuhe developed there- 
from express the actual constitution plus the inclusions. Methods 
have now been invented by which the foreign matter ciin be removed. 
Advantage is taken of the difference that is usual between the 
specific gravity of the mineral and that of its inclusions, the so-called 
‘ heavy solutions ’ being em]>l(yved for the separation.^ Most satis- 
factoiy results have been obtained by such means. In cases whei*e 
the greatest accuracy is necessary, the ap[)aratus designed by Dr. 
P. Mann had better be employed.^ It is well microscopically to 
examine the isolated substance before executing the analysis, for 
the optical test with polarised light is so sensitive as to detect the 
smallest impurities. Also, in the case of oi'dinary bulk analyses of 
rocks, it is advisable to follow the same course, as by doing so one 
is often enabled to make a <]ualitative analysis with the microscope 
alone. 

A valuable adjinu^t to petrology is to be found in micro- 
chemistiy."^ Insfinices sometimes occui* whei*e a mineral cannot 
be satisfactoiily determined by its optical characters, and in such 
cases micro-chemical methods are resorted to. Let us suppose it is 
desirable to see whether any of the rock-components are silicates 
containing soda and soluble in acids. The cover-glass is accordingly 
removed and the balsam dissolved in alcohol. A weak solution of 
hydrochloric acid is then poured over the surfiice, when, if soluble 
silicates are present, gelatinisation will take place. Upon allowing 
the gelatinous mass to evaporate little s(piares of salt will form if 
such a silicate is present. Sometimes coloui ing substances may be 
used for the same purpose. By the treatment of a slide with nitric 
acid a silicate like nepheline becomes })orous and permeable to 
anilin blue, fuchsin, ttc. In the case of nepheline the colouring 
matter cannot be washed out, and hence ‘ staining ’ prov^es a delicate 
test. 

Where such a course is possible, minute pieces of the question- 
able minerals should be isolated and treated singly. There are two 

^ It was suggested by Professor Szabd and is well described in G. A. J. Cole, Aids 
in Practical Geolof/rj, Part ii. cli. viii. 

2 For their mode of preparation see Rosenbuscli, MikroskoiiiHclie Ph ijsiogrnpliie, 
p. 206 ct scq. (English edition by Iddiiigs.) 

® Neiies Jahrhuch fur Miucralogic^ Ac. Bd. ii, 1884, p 172. 

^ The following works can be consulted on this subject; -E. Boricky, Elcmentc 
einerneuenchemisch-rmkroskopisclienMtneral- nnd Gestemsanalyse , Prague, 1877 ; 
T. H. Behrens, Mikrochemische Methoden zur Mmeralanalyse, Amsterdam, 1881 ; 
Haushofer, Mlkroskopische licactionen, Braunschweig, 1885 ; Klement et Reuard, 
Reactions microcliiihiques d cristaux^ Ac., Bruxelles, 1886 ; Rosenbusch, Mikro- 
skopische PhysiograjAnc, vol. i. 1885, pp, 195-238 (English edition by Iddings) ; 
F. Rutley, Bock-forming Minerals^ London, 1888. A useful summary of a number 
of microchemical investigations is given by C. A. McMahon, Mineralog. Magazine^ 
vol. X. 1). 79. 
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methods in nse for testing such particles micro-chemically. The 
first is that proposed by Boricky, who employed pure hydro-fluo- 
silicic acid (H28iF(^), which attacks almost all rock-forming minerals. 
The mineral particle is placed upon a glass object-holder protected 
from the action of the acid by a covering of Canada balsam, and the 
acid allowed to attack the mineral. After evaporation an examina- 
tion under the microscope reveals the presence of delicate ciystals 
of the silico-fluorides of the metals present in the minei*al. The 
nature of the crystals may then be determined microscopically. 

The ‘Second method is that proposed by Behrens, and mostly 
follows the usual method of chemical analysis. The isolated particle 
is heated in a small platinum crucible witJi ammonium fluoride, the 
mass then evapoi ated with sulphuric acid and dissolved in hot water. 
A small quantity of the solution is then evaporated and examined. 
If calcium is piesent in the mineral small crystals of gypsum will 
form. Other quantities are treated with the oidinaiy reagents. 
The crystalline pi'oducts, which ai‘e the result, can be identified by 
optical methods. It is possible by Behrens’s tests to detect the 
presence of ODOOo mgr. CaO in a grain. 

Tn all cases it is advisable to protect the objective during the 
microsco[)ical examination with a thin sheet of white mica. 

The microscope has always [)layed an important part in the 
science of Palaeontology. The great work on ‘ Micro-geology,’ 
published in 1855 by Professor Ehrenberg, testifies to the influence 
it had, even at that period, upon research of this nature. 

The result of the microscopic examination of lignite or fossilised 
wood and of ordinary coal is a good example of the value of the 
instrument in this interesting department. Specimens of fossil 
wood in a state of more or le.ss complete 2)reservation aie found in 
numerous sti’ata of very diffei^ent ages. (Jenerally s})eaking, it is 
only when the wood is found to have been j^enetrated by silica that 
its organic structure is well imeserved ; but instances occur every now 
and then in which penetration by carbonate of lime has 2)roved equally 
favourable. In either case transj)arent sections ai’e needed for the 
full disiday of the oi*ganisation. Occasionally, however, it has ha])- 
j^ened that the infiltration has filled the cavities of the cells and 
vessels, without consolidating their walls ; and ns the latter have 
undergone decay without being i*ejdaced by any cementing material, 
the lignite, thus comj^osed of the internal ‘ casts ’ of the woody tissues, 
is very friable, its fibres sejiarating from each other like those of 
asbestos ; and lamina^ sjdit asunder with a knife, or isolated fibres 
separated by rubbing dcjwn between the fingers, exhibit the characters 
of the woody structure extremely well when mounted in Canada 
balsam. Genei-ally speaking, the lignites of the Tei’tiary strata 
jiresent a tolerably close resemblance to the woods of the existing 
period : thus the ordinary structure of dicotyledonous and monocotyle- 
donous stems may be discovered in sucli lignites in the utmost 
perfection ; and the peculiar modification presented by coniferous 
wood is also most distinctly exhibited. As we go back, however, 
through the strata to the Secondary 2)eriod, we moi e and more rarely 
meet with the ordinary dicotyledonous structure ; and the lignites of 
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the earliest deposits of these series are, almost universally, either 
gymnosperms ' or palms. 

Descending into the paljeozoic series, we are presented in the 
vast coal formations of oui* own and other countiies with an extra- 
ordinary proof of the prevalence of a most luxuriant vegetation in a 
comparatively early period of the world’s history. The determina- 
tion of the characters of the Ferns^ Sigillai'ice^ Lepidodendra^ Cala- 
inites^ and other kinds of vegetation whose forms are preserved in 
the shales or sandstones that are interposed between the strata of 
coal, has been hithei*to chiefly biised on their exteiaial charactei s ; 
since it is seldom that these specimens present any such traces 
of minute internal stiaicture as can be subjected to microscopic 
elucidation. But persevering search has brought to light numerous 
examples of coal-plants whose internal structui*e is suthciently well 
preserved to allow of its being studied microscopically ; and the 
careful researches of Professor W. C. Williamson have shown that 
they formed a series of connecting links between Cryptogamia 
and flowering plants, being obviously allied to Equ/isetacea^, Ljjeo- 
podiacece, (fee., in the chai'acter of their fructification, whilst their 
stem-structure foreshadowed both the ‘ endogenous ’ and ‘ exogenous ’ 
types of the latter. ^ Notwithstanding the general absence of any 
definite form in the masses of decomposed vegetable matter of which 
coal itself consists, the traces of structure revealed by the microscope 
are often sufficient — especially in the ordinary ‘ bituminous ’ coal — 
not only to determine its vegetable origin, but in some cases to 
justify the botanist in assigning the character of the vegetation 
from which it must have been dei'ived ; and even where the stems 
and leaves are represented by nothing else than a structureless mass 
of black carbonaceous matter, there are found diffused through this 
a multitude of minute resinoid yellowish-brown granules, which are 
sometimes aggregated in clusters and inclosed in sacculi ; and these 
may now be pretty certainly affirmed to represent the spores^ while 
the sacculi represent the sporamjla^ of gigantic Li/copodl(tceis of the 
Carboniferous flora. ^ 

Lime-secreting alga^ are now known to have often played an 
important part in the formation of calcareous rocks. Those 
organisms called coccoliths and rhabdoliths, whicrh though so 
minute are important constituents in chalk and some other lime- 
stones, are referred to these plants (? to the class Floridece), and a. 
tiny tubular organism named Girvanella which occurs in various 
palaeozoic and later limestones is now generally regarded as an 
alga. According to Mi'. E. Wethered * it plays an important part 
in the formation of pisolitic and oolitic grains. Moreover 
calcfireous algfe, such as Lithothamnion, are sometimes important 
constituents in Tertiary limestones, as for instance in the Leitha- 

^ Under this head are included the Vycadece^ along with the ordinary Coniferce^ 
or pine and fir tribe. 

^ See his memoirs on thfe coal-plants published in tlie volumes of tlic Phil. Trans. 
which are now being continued by Dr. D. H. Scott. 

^ For notes upon methods to be employed in making preparations of coal, see 
Rutley, Htudy of Mocks ^ 1884, p. 71. 

^ Quart. Journ. Oeol. Soc. xlvi. (1890), p. 270, xlviii. p. 877, xlix. p. 236. 
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kalk of Europe. They have also been identified in rocks of Secondary 
and even of Palaeozoic age. It is an admitted rule in geological 
science that the past history of the earth is to be interpreted, so far 
as may be found possible, by the study of the changes which are 
still going on. Tlius, when we meet with an extensive stratum of 
fossilised Diatomacem in what is now dry land, we can entertain no 
doubt that this silicious deposit originally accumulated either at the 
bottom of a fresh- watei* lake or beneatli the w^atei's of the ocean ; 
just as such deposits are formed at the present time by the produc- 
tion and death of successive generations of these bodies, whose 
indestructible casings accuimulate in the ]a2)se of ages, so as to form 
layers whose thickness is only limited by the time dining which 
this process has been in action. In like mannei*, when we meet 
with a limestone rock entii*ely composed of the calcareous shells of 
Foraminifera, some of them entire, othei's la-okeii up into minute 
particles (as in the case of the Fuaidina limesh)ne of the Carboni- 
ferous period, and the Nummulitic limestone of the Eocene), we 
interpret the phenomenon by the fact that the dredgings obtained 
from certain parts of the ocean-bottom consist almost entirely of 
remains of existing Foraminifera, in which entire shells, the animals 
of which may be yet alive, ar(‘ mingled with the debris of others 
that have been induced to a. fragmentary state. Such a deposit, 
consisting chiefly of Orhitolites^ is at prc^sent in process of formation 
on certain parts of th(‘ shores of Australia, as Dr. Cai*penter was 
informed by Mr. J. Beete Jukes, thus aft'ording the exact })arallel to 
the stratum of Orlntolites (belonging, as his own investigations liave 
led him to beli('ve, fo the very same specie.s) that foians part of the 
‘ calcaire grossiei* ’ of the Pai'is basin. So in the fine white mud 
which is bi'ought uj) from almo.st every part of the sea-bottom of the 
Levant, where it forms a, stratum that is continually undergoing a 
.slow but steady increase in thickness, the microscopic i*esearches of 
Professor W. C. WilliaiiLson ^ have shown, not only that it contains 
multitudes of minute remains of living organisms, both animal and 
vegetable, but that it is entii ely or almost wholly composed of .Mu;h 
remains. Amongst these ai*e about twenty-.six species of Dia- 
tomacem (silicious), eight species of Foraminifei’a (calcareous), and a 
miscellaneous group of objects (fig. 810), consisting of calcareous and 
silicious spicules of sponges an<l (loryonice^ and fragments of the 
calcareous skeletons of echinoderms and molluscs. A collection of 
forms strongly resembling that of the Levant mud, with the exception 
of the silicious Diatoniaceie, is fouml in many parts of the ‘calcaire 
grossier ’ of the Paris basin, as well as in other extensive deposits of 
the same early Tertiary period. 

It is, however, in regard to the great chalk formation that the 
information aftbrded by the microscope has been most valuable. 
Mention has already been made of the fact that a large proportion 
of the Korth Atlantic sea-bed has been found to be covei*ed with an 
‘ ooze ’ chiefly formed of the shells of Olobiyerince ; and this fact, first 
determined by the examination of the small quantities brought up 
by the sounding apparatus, has been fully confirmed by the results of 

1 Memoirs of the Manchester Literarif and Phdosojdiical Society , vol. vii. 
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the more recent explorations of the deep-sea with the dredge ; which, 
bringing up half a ton of this deposit at once, has shown that it is 
not a mere surface-film, but an enormous mass whose thickness cannot 
be even guessed at. ^ Under the micros(;ope,’ says Pi’ofessor Wyville 
Thomson ^ of a sample of cwt. obtained by the dredge from a depth 
of nearly three miles, ‘ the surface-layer was found to consist chieliy 



Fio. 810.— Microscopic organisms in Levant mud : A, C, D, silicious 
spicules of Tethya ; B, H, spicules of (ieodia ; E, calcareous spicule of 
Gmntia ; F, G, M, O, portions of calcareous skeleton ol Echmodermaia ; 

I, calcareous spicule of Gorgon ia ; K, Ij, N, silicious spicules of sponges ; 

P, portion of prismatic layer of shell of Puma. 

of entire shells of Glohigerma balloules., large and small, and of frag- 
ments of such shells mixed with a quantity of amorphous calcai’eous 
matter in fine particles, a little fine sand, and many spicules, portions 
of spicules, and shells of Radiolaria., a few spicules of sponges, and a 
few frustules of diatoms. Below the surface-layer the sediment be- 
comes gradually more compact, and a slight grey colour, due probably 

^ The Depths of the SeUy p. 410. See also Voyage of Challe 7 iger^ ch. iii., and 
Challenger Reports^ especially Deep Sea Deposits (Murray and Renard.) 
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to the decomposing oiganic matter, becomes more pronounced, while 
perfect shells of Glohigerina almost disappear*, fragments become 
smaller, and calcareous mud, structureless, and in a fine state of 
division, is in greatly preponderating proportion. One can have no 
doubt, on examining this sediment, that it is formed in the main by 
the accumulation and disintegration of the shells of Glohigerina ; the 
shells fresh, whole, and living in the surface-layer of the deposit ; 
and in the lower layer’s dead, tind gradually crumbling down by the 
decomposition of their organic cement, and by the pressure of the 
layers above.’ This white calcareous mud also contains in large 
amount the ‘ coccoliths ’ and ‘ coccospheres ’ formerly mentioned. 
Now the resemblance which this Glolngerin(i-v[s\xi{^ when dried, bears 



Fig. Sll. — Microscopic organisms in clialk from (Jravesend : g, c, d!, 
Textidaria glolmlosa ; e, r, e, Uotalia aspcra ; /, Textularia aculeata ; 

< 7 , Flamdaria hexas; 7 <, NavicuJa. 

to chalk is so close as at once to suggest the similai’ origin of the 
latte?* ; and this is fully confirmed by mici*oscopic examination. For 
many samples of it consist in great part of the minuter* kinds of 
Foraminifera, especially GlohigerhuB^ whose shells are imbedded in a 
mass of apparently amorphous particles, many of whicli, nevei’theless, 
present indications of being the disintegrated fragments of similar 
shells, or of larger calcareous organisms. In the chalk of some 
locidities the disintegrated prisms of Pinna, oi* of other large shells 
of the like structure (as Inocframas), form the gi*eat bulk of the 
I’ecognisable components ; whilst in othei* cases, again, the chief part 
is made up of the shells of CytJierina, a marine form of entomo- 
sti*acous ci*ustacean. Different specimens of chalk vai*y greatly in 
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the proportion which not only the distinctly oi’ganic remains bear to 
the amorphous residuum, but also the different kinds of the formei' 
bear to each other ; and this is quite what might be anticipated when 
we remember how one or another tribe of animals predominates 
in the several parts of a large area ; but it may be fairly concluded, 
from what has been already stated of the amorphous component of 
the Glohigerina-mvid, that the amorphous constituent of chalk like- 
wise is the disintegrated i*esiduum of foraminiferal shells, or at any 
rate of some small calcaieous organism. But, further, the Globigerina- 
mud now in process of formation is in some places literally crowded 
with sponges having a complete silicious skeleton ; and some of them 
bear such an extraordinarily close resemblance, alike in structure 



Fig. 812. — Microscopic organisms (cliiefly in clialk from Meudon, 
seen partly as oimqne, and partly as transparent objects. 


and in extei*nal foiiii, to the Ventriculites which aie well known as 
chalk fossils, as to leave no reasonable doubt that these also were 
silicious sponges living on the bottom of the cretaceous sea. Finally 
(as was first pointed out by J)r. 8orby) the coccoliths and cocco- 
spheres at present found on the sea-bottom ai e often to be discovered 
by the microscopic examination of chalk. ^ A ll these coi l espondences 
show that the formation of chalk took place undei- conditions 
essentially similar to those under which the deposit of Glohigerina- 
mud is being formed over the Atlantic sea-bed at the present time. 

In examining chalk or other similar mixed aggregations, whose 

^ *On the Organic Origin of the so-called “ Crystalloids” of Chalk ’ in Ann. Nat. 
Hist. ser. iii. vol. viii. 1861, pp. 193-200. Murray and Renard, Deep Sea Deposits 
{Challenger lleports)^ p. 267. 
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<^omponent particles are easily separable from each other, it is de- 
sirable to separate, with as little trouble as possible, the larger and 
more definitely organised bodies from the minute amorphous particles ; 
4ind the mode of doing this will depend upon whether we are operat- 
ing upon the large or upon the small scjile. If the former, a quantity 
of soft chalk should be rubbed to powder with water by means of a 
soft brush ; and this water should then be pioceeded with according 
to the method of levigation already directed for separating the 
Diatomacece. It. will usually be found that the fii'st deposits contain 
the larger Foraminifera, fragments of shell, tfec., and that the smallei* 
Foraminifera and sponge-sjncules fall next, the fine amorphous pai*- 
ticles remaining diffused through the water after it has been standing 
for some time, so that they may be poured away. The organisms 
thus separated should be di’ied and mounted in Canada balsam. If 
the smaller scale of preparation be preferred, as much chalk scraped 
fine as will lie on the })oint of a knife is to be laid on a drop of watei* 
on the glass slide, and allowed to remain thei*e for a few seconds ; 
the watei’, with any pai-ticles still floating on it, should then be I’e- 
moved ; and the sediment left on the glass should be dried and 
mounted in balsam. For examining the structure of flints such 
<-hips as may be obtained with a hammer will commonly serve very 
well, a clear translucent flint being first selected, and the chips that 
are obtained being soaked foi* a short time in turpentine (which in- 
creases theii* transparence) ; those which show organic structure, 
whether sponge-tissue or xanthidia, are to bc^ selected and mounted 
ill Canada balsam. The most perfect specimens of sponge-structure, 
however, are only to be obtained by slicing and polishing. 

The study of thin slices of flint and chert during late years 
has thrown much light on their origin and on the structure of 
fossil sponges. Spicules are often found to be extremely abundant 
as in the chert (Upper Greensand) from the quaiiy by Ventnor 
station (Isle of Wight), whei*e they can be detected by the naked eye. 
Tflie radiolaria from the Tertiary marl of Baibadoes have long been 
known to microscopists, but these oiganisms more i*ecently have been 
detected in cherts. In Britain such chei'ts have been described 
from the Ordovician rocks of Mullion Island, Cornwall, and of south 
Scotland, and the Carboniferous of south-west England.^ 

There are various other deposits, of less extent and importance 
than the great chalk-formation, which are, like it, composed in great 
part of microscopic organisms, chiefly minute Foraminifera ; ^ and the 
presence of these may be largely recognised, l)v the assistance of the 
microscope, in sections of calcareous rocks of various dates, whose 
other materials were fragments of corals, crinoid- stems, or the shells 
of molluscs. In the formation of the Coralline Ci*ag (Tei*tiary) of the 
eastei n coast of England, polyzoaries had the greatest share ; but 

' On the former subject see G. J. Hinde, British Museum Catalogue of Fossil 
Sponges ; on the latter, the same, Quart. Journ. Geol. Soc. vols. xlvi. xlix. li. 

^ For illustrations of fossil foraminifera, see Carpenter, Introduction to Study of 
Foraminifera (Ray Society), and the publications of the Palseontograpliical 
Society ; Crag Foraminifera (T. Rupert Jones, &c.) ; Carboniferous and Permian 
Foraminifera (H. B. Brady). The series also contains volumes upon the Crag 
Polyzoa and various small Entomostraca of different ages. 

4 A 
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tlie Tertiary limestone of which Paris is chiefly built consists almost 
exclusively of the shells of Miliolida^ and is thus known as miliolite 
(millet-seed) limestone. In the vast stratum of nummulitic lime- 
stone which was formed in the earlier part of the Tertiaiy period 
the microscope enables us to see that the matrix in which the lai ge 
entire nummulites are imbedded is itself composed of comminuted 
fragments and young shells of the same, together with minuter 
Fomminifera. Bimilai* organisms, with fragments of crinoids, 
mollusca, coral, cfec., are abundantly present in the Jurassic lime- 
stones in this country, in those of Secondary age generally in 
Europe, as well as in the Carboniferous and other Paheozoic lime- 
stones ; in fact, wherevei* subsecjuent changes have not rendered the 
structure of the original constituents indistinguishable. Thus in 
the great plains of Russia there ai*e certain bands of limestone of 
this epoch, varying in tliickness from fifteen inches to five feet, and 
frequently repeated tlii'ougli a vertical depth of two hundred feet 
over very wide areas, wliich are almost entirely composed of the 
extinct genus Fusulina. Again, those paits of the Cai'boniferous 
limestone of Ireland which have undergone least disturbance can be 
plainly shown, by the examination of microscopic sections, to consist 
of the remains of Foraininifera, Polyzoa, fragments of corals, Ac. 
And where, as not unfrc^quently happens, beds of this limestone are 
separated by clay seams, these are found to be loaded with ^ microzoa ’ 
of various kinds, particularly Foraininifera (of wliich the Haccamina 
has come down to the })resent timi^), and the beautiful polyzoaries 
known as ‘ lace -corals.’ 

Mention has been already made of Professor Ehrenberg’s very 
remarkable discovery tliat a large proportion (to say the least) of the 
green saiuls which present themselves in vai-ious stratified deposits, 
from the Silurian jieriod to the Tertiary era, and in that called 
the Upper Greensand, is composed of the casts of the interior of 
minute shells of Foraininifera and Mollusca, the shells themselves 
having entirely disappeared. The mineral material of these casts 
lias not merely tilled the chambers and their communicating 
passages, but has also penetrated, even to its minutest ramifications, 
the canal-system of the intermediate skeleton. The precise parallel 
to these deposits presents itself in certain spots of the existing sea- 
bottom, such as the Agulhas bank, near the Cape of Good Hope, 
where the dredge comes up laden with a green sand, which on 
microscopic examination jiroves to consist almost entii’ely of 
‘internal casts’ of existing Foraininifera.^ 

It is, however, in the ciuse of the teeth, the bones, and the dei mal 
skeleton of vertebrate animals that the value of microscopic inquiiy 
becomes most apparent ; since their structure presents so many 
characteristics which are subject to well-marked variations in their 
several classes, orders, and families that a knowledge of theso 
characters frequently enables the microscopist to determine the 

1 See Challenge e Beports ; Deep Sea Deposits (Murray and Renard), p. 878, 
&c. The same volume describes and figures the microscopic structure of remarkable 
manganese concretions, dredged at great depths in the ocean, and often associated, 
with organisms. 
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nature of even the most fragmentary specimens. It was in regard 
to teeth that the possibility of such <leterminations was first made 
(dear by the laborious researches of Professor Owen ; ^ and the 
following may be given as examples of their value ; — A rock- 
formation extends over many parts of Russia whose mineral 
chara(5ters might justify its being likened either to the Old or to the 
Red Sandstcme of this eountiy, and whose position relatively to 
other strata is such that there is great difficulty in obtaining 
evidence from the usual sources as to its place in the series. Hence 
the only hope of scuttling this (piestion (which was one of great 
})ractical importance, siiu^e, if the formation were Ne/w Red, coal 
miglit be expected to underlie it, whilst if Old Red, no reasonable 
hope of coal could be entertaine(l) lay in the detoimination of the 
organic remains which this stratum might yield; hut unfortunately 
these were few and fi-agmentary, consisting chiefly of teeth, which 
aT‘e seldom perfectly pre- 
sen* ved. Fi*om tlie gigan- 
tic size of these teeth, 
together wifJi their form, 
it was at first inferred 
tliat they belonged to sau- 
rian re 2 )tiles, in which 
(^ase the sandstone would 
have been considered as 
New Red ; but micro- 
sco])ic examination of 
their intimate structure 
1 1 nmista kably 2^^'^ 
them to belong to a 
genus of fishes {/Jendro- 
dtes) which is exclusively 
2 )ala‘ozoic, and thus de- 
cided that the formation 
must be Old Red. 8o, 
again, the microsco 2 ^ic 
(‘xamination of certain fragments of teeth found in a sairdstone of 
Warwickshire disclosed a, most remarkable type of tooth-structure 
(sliown in fig. 818), which was also ascertained to exist in certain teeth 
that had been discovered in tbe ‘ Keupersandstein ’ of Wurtemberg ; 
and the identity or close resemblance of the animals to which these 
teeth belonged having been thus established, it became almost 
certain that the Warwickshire and Wurtemberg sandstones were 
(M 2 uivalent formations. The next questimi arising out of this discovery 
was the nature of the animal ( 2 >rovisionally termed LahyrintJvodon, 
a name expressive of the most peculiar feature in its dental structure) 
to which these teeth belonged. They had been referred, from external 
chai’acters merely, to the order of saurian reptiles ; but it is now 
clear that they were gigantic salamandroid Amphibia, having many 
points of relationship to Ceratodus (the Australian ‘ mud-fish 
which shows a similar, though simiDler, dental organisation. 

1 See his Odontograpluj. 
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The researches of Professor Qiiekett on the minute structure of 
hone ^ have shown that from the average size and form of the lacunfe, 
their disposition in regai’d to each other and to the Haversian 
canals, and the number and course of tlie canaliculi, tlie nature of 
even a minute fragment of bone may often be determined with a 
considei*able approach to certainty, ns in the following examples, 
among many which might be cited : — Or. Falconer, the distinguished 
investigator of the fossil i*emains of the Himalayan region, and the 
discoverer of the gigantic fossil tortoise of the Sivalik hills, having 
met with certain small bones about which he was doubtful, placed 
them for minute examination in the hands of Professor Quekett, 
who informed him, on mici-oscopic evidence, that they might certainly 
be pronounced reptilian, and probably belonged to an animal of the 
tortoise tribe ; and this determination was fully borne out by other 
evidence, which led Dr. Falconer to conclude that they were toe- 
bones of his great tortoise. Some fragments of bone were found, 
many years since, in a chalk-pit, which were considered by Professor 
Owen to have formed part of the wing-bones of a long- winged sea- 
bii’d allied to the albatims. This deteinii nation, founded solely on 
considerations deiived fiom the very imperfectly preserved external 
foims of these fragments, was calle<l in question by some other 
2)al{eontologists, who thought it more })robable that these bonc'^ 
belonged to a large species of the extinct genus Pterodactylus, a flying 
lizard whose wing was extended upon a single immensely prolonged 
iligit. No species of pterodactyle, however, at all comparable to 
this in dimensions, was at that time known ; and the characters 
furnished by the configuration of the bones not being in any degiee 
decisive, the question would have long remained unsettled had not 
an appeal been made to the micmscopic test. This appeal was so 
decisive, by showing that the minute stru(it\ire of the bone in ques- 
tion corresponded exactly with that of }jtei*odactyle bone, and differed 
essentially from that of eveiy known bird, that no one who placed 
much reliance upon that evidence coubl enterbiin the slightest doubt 
on the matter. By Professor Owen, iiowevei’, the validity of that 
determination was questioned, and the bone was still maintained to 
be that of a bird, until the question was finally set at rest, and the 
value of the microscopic test triumphantly (confirmed, by the discovery 
of undoubted pterodjictyle bones of coia-esponding and even of greatei* 
dimensions in the same and other chalk quari ies. 

The microscopic examination of the sediments now in course of 
deposition on various parts of the gi*eat oceanic area , and especially 
of the large number of samples brought up in the ‘ Challenger ^sound- 
ings, has led to this very remarkable conclusion — that the detritus 
resulting from the degradation of continental land -masses is not 
cai ried far from their shores, being entirely absent from the bottom 
of the ocean-basins. The sediments tliei-e found were not of 
oi-ganic origin, but mainly consist of volcanic clebi'ia and of clay that 
seems to have been produced by the disintegration of masses of very 

1 See his memoir on the ‘ Comparative Structure of Bone ’ in the Tram. Microsc. 
Soc. ser. i. vol. ii. ; and the Catalogue of the Histological Museum of the Boy, Coll, 
of Surgeonsj vol. ii. 
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vesicular lava, which, after long floating and dispersion, by surface- 
drift or ocean-currents, have become water-logged and have sunk to 
the bottom. As no ordinaiy silicious sand is found anywhere save 
in the neighbourhood of continents and continental islands, and >is 
almost all oceanic islands ai*e either of volcanic origin or coral atolls, 
this almost universal absence of any ti*ace of submerged continental 
laud over the great oceanic area aflbrds strong confirmation to the 
belief that the sedimentary rocks which foi*m the existing land were 
de]:)osited in the neighbourhood of pre-existing land, whose degrada- 
tion furnished their materials ; an<l suggests that the oiiginal 
dis[)()sition of the great continental and oceanic areas was not very 
different from what it now is.* Further, the inici-oscopic examination 
of these oceanic sediments reveals the presence of extremely minute 
particles, which seem to correspond in composition to meteorites, and 
which there is strong reason for regarding as ‘ cosmic dust ’ pei’vading 
the intei'planetary s]iaces. Thus the application of the microscope 
to the study of these deposits brings us in contact with the greatest 
questions not only of teiTestidal, but also ot' cosmical physics, and 
furnishes evidence of the highest value for their solution. 

' See Sir A. Geikie on ‘ Geographical Evolution,’ Proc. Hoy. Geog. Sor. July 1879 ; 
ami for detailed results ‘Preliminary Report of Cruise of “Challenger”’ (WyMlle 
Thomson), Proc. Hoy. Sor. vol. xxiv, (1S7C) p. 4(59, and ChaUcngcr' Hrjnyrts (Murray 
and Renard), Deep Sea Deposits^ p. J27. 
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CHAPTER XXI Y 

IIICIWCBYSTALLISATION. OPTICAL PBOPEIITIKS OF CBYSTALS. 

MOLECCLAB COALESCENCE. MICBO-CHEMICAL ANALYSIS. 

Although by far the most numerous and most important a])plica- 
tions of the mici-oscope were formerly those ])y whicli the structure 
and a(!tions of organised beings are made known to us, yet the in- 
creased attention which has been paid during recent years to tlu‘ 
use of the microscope in elucidating the internal structur(‘ of 
crystalline substances, whether of natural or artificial origin, has 
made this instrument as indispensfible to the crystallographer and 
the mineralogist as it formei'ly was to the ])hysiologist. Solid sub- 
stances are almost invariably found in nature or obtained as labora- 
tory products in the form of individual fragments, each bounded by 
})lane surfaces which are inclined at such angles that the whole 
figure is possessed of a greater or lesser degree of geometi'ical 
symmetry. Such solid bodies are termed crystals, and, although 
formerly the regularity of external shape constituted the only avail- 
able means of i*ecognising them, it is now demonstrated that the 
external form is oidy the result of the so-called homogeneous 
internal structure of the crystal. This homogeneity of structure* 
consists in the arrangement of the smallest chai*acteristic particles 
or units of the structure being the same about every unit of the 
structuie. The different kinds of possible homogeneous ari'ange- 
ments of points in space have been investigated by Bravais, Sohncke, 
and othei-s,^ and on classifying them according to their symrnetiy 
they fall into thirty-two classes identical with the thirty-two know n 
<aystalline systems. These thirty -two types of structure differ in 
their symmetry, and this difference is expressed in the symmetry of 
the external form ; the external foiin, however, is very liable to 
distoifion, in consequence of a lack of uniformity in the conditions 
prevailing during the growth of the crystal, and so is at best but an 
untrustworthy guide to the symmetry of the internal structure. The 
optical properties of the solid structure, also themselves expressions 
of the symmetry, and consequently of the crystalline system, are 
not disturbed by casual influences to nearly so great an extent as is 
the regular external form ; the symmetrical variation of the optical 
properties of crystalline structures in accordance with the symmetry 

^ See A. Selioenflies, Kryatallsysteme unci Krystallsfriictu/r, Leipzig, 1891. 
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of arrangement of the structural units gi^ »‘s rise to the phenomena 
of double 1 ‘efraction, circular polarisation, ]>l(‘o(*liroism, &c., observed 
with crystalline bodies. The important results to be anticipated 
from the microscopic examination of crystalline preparations such as 
rock sections, etc., was pointed out by H. 0. Sorby in 1858 ; the micro- 
scopic methods as at present applied to pure crystallography have 
been fully described by P. (Iroth ^ and by Th. Liebisch,^ whilst their 
-applicability to the identification of the crystalline constituents of 
rocks has been exhaustively treated by H. llosenbusch.^ 

The study of crystalline materials in such minute crystals as are 
appropriate subjects for obsei-vation by the microscope is not oidy 
a very interesting application of its powei's, but is ca})able of 
affording some valuable hints to the designer. This is particu- 
larly the case with crystals of snoiv, whicli belong to one of the 
‘ hexagonal systems,’ the basis of every figure being a hexagon of 
six rays ; for these 1 ‘ays ‘become incrusted with an endless variety 
of secondary foianations of the same 
kind, some consisting of thin lamime 
alone, others of solid but translucent 
prisms heaped one upon another, and 
others gorgeously combining lamiiae 
and prisms in the richest profu- 
sion,’ ^ the angles by which tlmse 
figures are bounded being invari- 
ably 60° or 1‘2()°. Beautiful ar- 
borescent forms are not indV(^(piently 
produced by the peculiar mode of 
aggregation of individual crystals ; 
of tl\is we have often an example on 
a large scale on a frosted Avindow ; 
but microscopic crystallisations some- 
times pi*esent the same curious jdie- 

L'ine, 

&c. 
hilst 

thin sections of granite, gabbro, and othei* crystalline rocks, nlstj of 
agate, aragonite, piedmontite, the zeolites, and otlua- niiiuMals, are 
very beautiful objects for the j)olariscopc. 

The actual 2 >i*ocess of the formation of crtjsiaU may be watched 
under the microscope with the great«‘st lacilitv, all that is nec(^^sary 
being to lay on a slij) of glass, previously wariiK'd, a saturated solu- 
tion of the substance, and to incline the stage in a slight, degree', so that 
the drop slmll )h‘ thicker at its lower than at its up])(u- edge'. The 
crystallisation Avill speedily l)egin at the up 2 )er edge, whei*e the pro- 
portiem of lie^nid to soliel is me)st epiickly reduceel by evaporatiem. and 
will gradually extend downwards. If it should go on too slowly, 

^ J^lufsihidiscl/c K ///sfatloyrnifJi/r, 1805. 

- G n< ixh-isH (Icr Leipzig, 1898, 

M ic roscoiticitl Phi/siograj)/ii/ of f ix' liork making Minerals, Loudon, 1805, 

* ( ! liiisli*'!- on ‘ Snow-crystals in 1855,’ tko/r/. Je^j/ra. Mirrosc. Sci. \o\. iii, 1855, 
p. 170. See ulso C. A. Hering, Zcits.f, Krgst. Bd. xiv. 1888, p. 250. 


nomenoii (fig. 814). Avantui 
lajhs lazuli, crystallised silver, 
make verv Sfood specimens : w 
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or should cease altogether, whilst a large proportion of the li(|uid 
still remains, the slide may be again warmed, so as to re-dissolve 
the part already solidified, after Avhich the process will recom- 
mence with increased rapidity. This interesting spectacle may 
be watched under any microscope, but the instrument specially 
designed by O. Lehmann ^ is particularly adapted to studies of this 
kind. The degree of heat can be varied at will. The phenomena 
become far more striking, however, when the crystals, as they come 
into being, are made to stand out bright upon a dark ground, by 
the use of the spot lens, the paraboloid, or any other form of black - 
ground illumination ; still more beautiful is the spectacle when the 
polarising apparatus is employed, so as to invest the crystals with 
the most gorgeous variety of hues. 

By chemically pi'ecipitating crystalline j)roducts under the micro- 
scope we can obtain a still deeper insight into the crystallisation 
})rocess. One of the earliest workers at this subject was Link,*-^ 
who observed that pi-ecipitates first separate in the form of very 
minute liquid globules, and that these subsequently coagulate to 
foi*ni an undoubtedly crystalline precipitate. Later investigation 
of the subject by Frankenheim, and then by Vogelsang,^ led to the 
(jonclusion that during the passage of a substance from the dissolved 
to the crystalline state it passes thi'ough a whole seides of inter- 
mediate stages. On allowing sulphur to crystallise very slowly from 
a carbon bisulphide solution thickened with Canada balsam, th(‘ 
liquid globules, which first separate gradually, solidify to small 
isotropic spheres termed glohuUtes ; these embryonic forms then 
coalesce, yielding i*egular aggi*egates known as crystallites. The 
latter subsequently arrange themselves in rows as margarites^ 
several of which then amalgamate, foiming longulites^ and th(‘ 
pi-ocess of aggi^egation proceeds until at last the crystalloids — the 
fii'st product in which the structure of the crystal itself is traceable 
— are obtained. The sepai’ate existence of so many ti*ansition foi ins 
hiis been disputed, notably by Behi ens ; but their mention sel ves 
the purpose of indicating that the formation of crystalline bodies is 
really an operation of considerable complexity. 

Upon the temperature maintained during crystallisation depends 
the size and arrangement of the crystals. Thus santonin., when 
ciystallising rapidly on a very hot plate, forms large crystals 
radiating from centres without any undulations ; when the heat is 
less considerable the crystals are smaller, and show concentric 
waves of very decided form (fig. 815) ; but when the slip of glass 
is cool the crystals are exceedingly minute. In the ctise of cupric 
sulphate, Mr. R. Thomas ^ succeeded, by keeping the slide at a 
temperature of from 80° to 90°, in obtaining most singular and 
beautiful forms of spiral crystallisation, such as that represented in 

^ Molekularphysiky 2 vols. Leipzig, 1888 and 1889. 

* Pogg. Ann. Bd. xlvi. 1889, p. 268. ^ Die Krystalliten^ Bonn, 1876. 

^ Die Krystallitenj Kiel, 1874. 

” See his paper ‘ On the Crystallisation at various temperatures of the T)ouble 
Salt, Sulphate of Magnesia and Sulphate of Zinc,’ in Quart. Journ. Microsc. Sci. n.s. 
vi. pp. 187, 177. See also H. N. Draper on ‘Crystals for the Micro-polariscope,*^ 
in Intellectual Ohaerver^ vol. vi. 1866, p, 487. 
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fig. 81G. Mr. Slack has shown that a great variety of spiral and 
curved forms can be obtained by dissolving metallic salts, or salicin, 
santonin, ttc., in water containing 3 or 4 per cent, of colloid 
silica. The nature of the action that takes place may be under- 
stood by allowing a drop of the silica solution to dry upon a slide ; 
the result of which will be the production of a complicated sia ios of 
cracks, many of them curvilinear. When a group of crystals in tbi - 
mation tend to i*adiate from a centi*e, the contractions of tli(‘ silica, 
will often give them a tangential pull. Another action of the 
silica is to introduce a very slight curling with just (‘non^h (‘Itoa- 
tion above the slide to exhibit fragments of Newton’s rings, wlicm it 
is illuminated with Powell and Leiiland’s modification of Professoi* 



Fig. 815. — Radiating crystallisation of santonin. 


8mith\s dark-ground illuminator for high powers, and viewed with 
a ^th objective. With crystalline substances these actions add to 
the variety of colours to be obtained with the polariscope, the 
best slides exhibiting a series of tertiary tints. ^ Very interesting 
results may often be obtained from a mixture of two or more salts, 
and some of the double salts give forms of peculiar beauty. 0. Leh- 
mann has done excellent work in this department ; but reference 
must be had to his previously mentioned work on ‘ Molekularphysik ’ 
for a description of the phenomena such mixtures exhibit, ddie 
following list specifies the salts and other substances whose crystalline 
forms are most interesting. When these are viewed wfith polarised 
light some of them exhibit a beautiful variety of colours of their 
own, whilst others require the interposition of the selenite plate for 

^ ‘ On the Employment of Colloid Silica in the i^reparation of Crystals for the 
Polariscope/ in Monthly Microsc. Jotim. v. p. 50. 
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the development of colour. The substances marked d are distin- 
guished by pos.s(\ssiii^ the curious property termed j^leochroisiti, 
which was first noticed by Dr. Wollaston and cai-efully investigated 
by 8ir D. Brewster. This property, to which was 2 >reviously applied 
the misnomer dichroism, consists in the exhibition by these crystals 
of colours varying with the direction in which they are examined ; 
thus, the cube-shaped crystals of magnesium platinocyanide reflect 
light of a deep red colour from two parallel faces, whilst light of a 
vivid beetle -green is reflected from the other four laces. Pleochroism 
is only exhibited by doubly l efracting substances, and is caused by 
the fact that the two plane polarised rays into which a ray passing 
into the crystal is decomposed, are absorbed selectively — that is to 
say, the crystalline medium absorbs light of certain colours from the 
one polarised ray, whilst absorbing quite diffei’ently coloured com- 
ponents from the second ray. Pleochroic substances ai‘e most easily 



Fid. 816.— Spiral crystallisation of coxiper sulphate. 


recogiiiM'd liy the fact that they change in coloui* when rotated on 
the microscope stage in plane polarised light — namely, when onlyo?i6 
Xicol ])i ism is interposed between tlie eye and the lamp. Tt not 
unfrequently liappens tliat a remarkably beautiful specimen of 
crystallisation develops itself which the observer desires to keep 
for display. In order to do this successfully, it is necessary to 
exclude the air ; and Mr. Warrington recommends castor oil as the 
best preservative. A small quantity of this sliould bb poured on 
the crystallised surface, a gentle warmth ajiplied, and a thin glass 
cover then laid upon tlie di*op and gradually pressed down ; and 
aftiM* the superfluon.^ oil has been removed fi*om the margin a, coat 
oi gold >ize or other varnish is to be applied. Although most of the 
objects furnished by vegetable and animal structures, which are 
advantageously shown by polarisi'd ligld, have been already noticed 
in their appro] )riate place's, it will be u.seful here to recapitulate the 
principal, with some' additions. 
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Alum 

Ammonium Borate 
„ Chloride 

,, Hydrogen Tartrate 

,, Nitrate 

„ Oxalate 

,, Oxalurate 

„ Phosphate 

,, Platinocyanidc, d 

„ Sulphate 

„ Urate 

Asparagine 
Aspartic Acid 
Barium Chloride 
„ Nitrate 
Bismuth „ 

Boracic Acid 
Cadmium Sulphate 
Calcium Carbonate (from urine of 
horse) 

Calcium Hydrogen Tartrate 
„ Oxalate 
Cholesteiin 

Chromic Aminoniuin Oxalate, d 
„ Oxalate 

„ Potassium Oxalate, d 

,, „ Binoxalate 

Cinchonidine 
Citric Acid 
Cobalt Chloride 
Cupric Acetate, d 

,, Ammonium Chloride 
,, ,, Sulphate 

., Magnesium ,, 

„ Potassium „ 

„ Nitrate 
„ Sulphate 
Ferrous Cobalt Sulphate 
,, Sulphate 

Hippuric Acid 
Lead Phosphate, d 
Magnesium Ammonium Phosphate 
(from urine) 

Magnesium Sulphate 
Manganese Acetate 
Mannitol 
Margarine 
Mercuric Chloride 
„ Cyanide 

Murexide 
Nickel Sulphate 
Oxalic Acid 
Potassium Arsenate 
„ Carbonate 

,, Chlorate 

„ Chromate 

,, Dichroniate 

„ Ferricyanide 

,, Ferrocyanide 


Potassium Hydrogen Carbonate 
„ „ Tartrate 

,, Iodide 

,, Nitrate 

„ Oxalate 

„ Permanganate 

„ Sulphate 

Quinidine 

Quinine Hydriodide 
Salicin 
Saligenin 
Santonin 
Sodium Acetate 

,, Borate (borax) 

„ Carbonate 

„ Chloride 

„ Nitrate 

,, Oxalate 

„ Phosphate 

„ Sulphate 

„ Tartrate 

„ Urate 

Stearin 

Strontium Nitrate 
Sugar 

Tartaric Acid 
Thallium Platinichloride 
Uranium Nitrate 
Uric Acid 
Zinc Acetate 
„ Sulphate 

Vegetable 

Cuticles, Hairs, and Scales, from 
Leaves 

Fibies of Cotton and Flax 
Eaphides 

Spiral cells and vessels 
Starch -grains 

Wood, longitudinal sections of, 
mounted in balsam 

Animal 

Fibres and Spicules of Sponges 
Polypidoins of Hydrozoa 
Spicules of Gorgonite 
Polyzoaries 

Tongues (Palates) of Gasteropods 
mounted in balsam 
Cuttle-fish bone 
Scales of Fishes 
Sections of Egg-shells 
„ Hairs 

„ Quills 

,, Horns 

,, of Shells 

,, Skin 

„ Teeth 

„ Tendon, longitudinal 


Molecular Coalescence. — Ilemarkcable modifications aie shown 
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in the ordinary forms of crystallisable substances, when the aggre- 
gation of the inorganic particles takes place in the presence of certain 
kinds of organic matter ; and a class of facts of great interest in 
their bearing upon the mode of formation of various calcified struc- 
tures in the bodies of animals was brought to light by the ingenious 
i*esearches of Mr. Rainey,^ whose method of experimenting essentially 
consisted in bringing about a slow decomposition of the calcium salts 
contained in gum-arabic by the agency of potassium hydrogen car- 
bonate. The result is the formation of spheroidal concretions of calcium 
carbonate, which progressively increase in diameter at the expense of 
an amorphous deposit which at first intervenes between them, two 
such spherules sometimes coalescing to produce ^ dumb-bells,’ whilst 
the coalescence of a larger number gives lise to the mulberry-like 
body shown in fig. 817, h. The pai’tieles of such composite spherules 
appear subsequently to undeigo rearrangement according to a definite 
plan of which the stages are shown at c and d ; and it is upon this 
plan that the furthei* increase hikes place, by which such larger coii- 

ci*etions as are shown at a, a 
are gindually produced. The 
structure of these, especially 
when examined by ])olarised 
liglit, is found to correspond 
very closely with that of the 
small calculous concretions 
which are common in the 
ui*ine of the horse, and 
which were at one time 
supposed to have a matrix 
of cellular structure. The 
small calcai’eous concretions 
termed otoliths^ or ear- 
stones, found in the audi- 
tory sacs of fishes, present an 
ari*angement of their par- 
ticles essentially the same. 
Similar concretionary sphei-oids have already been mentioned as 
occurring in the skin of the shrimp and other imperfectly calcified 
shells of Crustacea ; they occur also in certain imperfect layers of 
the shells of Mollusc^a ; and we have a veiy good example of them 
in the outer layer of the envelope of what is commonly known as a 
‘ soft egg,’ or an ‘ egg without shell,’ the calcai*eous deposit in the 
fibrous matting already described being here insufficient to solidify 
it. In the external layer of an ordinaiy egg-shell, on the other 
hand, the concretions have enlarged themselves by the progres- 
sive accretion of calcareous particles, so as to form a continuous 
layer, which consists of a series of polygonal plates resembling those 
of a tessellated pavement. In the solid ‘ shells ’ of the eggs of the 

1 See his treatise * On the Mode of Formation of the Shells of Animals, of Bone, 
and of several other structures, by a process of Molecular Coalescence, demonstrable 
in certain artificially formed products,’ 1858 ; and his ‘ Further Experiments and 
Observations ’ in Quart. Joum. Microac. Sci. n.s. vol. i. 18(51, i). 28. 



Fic. 817. — Artificial concretions of 
carbonate of lime. 
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ostrich and c^issowaiy this concretionary layer is of considei*able 
thickness ; and vertical as well as horizontal sections of it ai’e very 
interesting objects showing also beautiful eftects of colour under polar- 
ised light. And from the researches of Pi ofessor W. C. Williamson 
on the scales of fishes, thei*e can be no doubt that much of the 
calcareous deposit which they contain is formed upon the same plan. 

This line of inquiry has been contemporaneously pursued by 
Professor Harting, of Utrecht, who, working on a plan funda- 
mentally the same as that of Mi*. Rainey (viz. the slow precipitation 
of insoluble calcium salts in the presence of an organic ‘ colloid ^), 
has not only confirmed but gi*eatly extende^l his results, showing 
that with animal colloids (such as egg-albumen, blood-serum, or a 
solution of gelatine) a much greater vai*iety of forms may be thus 
produced, many of them having a strong resemblance to calcareous 
structures hitherto known only as occurring in the bodies of animals 
of various classes. The mode of experimenting usually followed by 
Piofessor Harting was to cover the hollow of an ordinary portielain 
plate with a layer of the organic liquid to the depth of from 0’4 to 
0*6 of an inch, and then to immerse in the border of the liquid, 
but at diametrically opposite points, tlie solid salts intended to act 
on one another by double decomposition, such as calcium chloride, 
nitrate, oi* acetate, and potassium or sodium cai*bonate ; so that, 
being very gradually dissolved, the two substances may come slowly 
to act upon each other, and may thi*ow down their precipitate in the 
midst of the ‘ colloid.’ The whole is then covered with a plate of glass, 
and left for some days in a state of })erfect tranquillity ; when there 
begins to appear at various sj)ots on tlie surface minute points re- 
fiecting light, which gradually incjrease and coalesce, so as to form a 
crust that comes to adhere to the border of tlie plate ; whilst another 
portion of the precipitate subsides, and covei*s the bottom of the 
plate. Round the two spots where the salts are placed in the first 
instance the calcareous deposits have a different character : so that 
in the same experiment several very distinct products are generally 
obtained, each in some particular spot. The length of time requisite 
is found to vary with the temperature, being genei*ally from two to 
eight weeks. By the inti*oduction of such a, colouring matter as 
madder, logwood, or carmine, the concretions take the hue of the 
one employed. When these concretions are treated with dilute 
acid, so that theii* calcareous particles ai*e wholly dissolved out, 
thei*e is found to remain a basis substance which preserves the form 
of each ; this, which consists of the ^ colloid ’ somewhat modified, is 
termed by Harting calco-ylohuline. Besides the globular concretions 
with the peculiar concentric and radiating arrangement obtained 
by Mr. Rainey (fig. 817), Professor Harting obtained a great 
variety of forms bearing some resemblance to the following : 1. The 
Sliscoliths’ and ‘ cyatholiths ’ of Huxley. 2. The tuberculated 
Sspicules ’ of Alcyonaria^ and the very similar spicules in the 
mantle of some species of Dmns, 3. Lamelhe of ‘ prismatic shell- 
substance,’ which are very closely imitated by crusts formed of 
flattened polyhedra, found on the surface of the ‘colloid.’ 4. The 
spheroidal concretions which form a sort of rudimentary shell within 
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the body of TAmax. 5. The sinuous lanielhe which intervene between 
the pamllel plates of the ‘ sepiostaire ’ of the cuttle-fish, the imitation 
of this being singularly exact. 6. The calcai*eous concretions that 
give solidity to the ^ shell ’ of the bird’s egg, the semblance of which 
Professor Harting was able to produce m situ by dissolving away 
the calcareous component of the egg-shell by dilute acid, then im- 
mersing the entire egg in a concentrated solution of calcium chloride, 
and transferring it thence to a concentrated solution of ijotassium 
cnrbonate, with which, in some cases, a little sodium phosphate 
was mixed. ^ Other forms of remarkable regularity and definite- 
ness, differing entirely from anything that ordinary crystallisation 
would produce, but not known to have their pai*allels in living bodies, 
have been obtained by Professor Harting. Looking to the relations 
between the calcjireous deposits in the scales of fishes .and those by 
which bones and teeth are solidified, it can scarcely be doubte<l that 
the principle of ‘ molecular coalescence ’ is applicable to the lattei’, 
as well as to the former ; and that an extension and variation of tliis 
method of experimenting would throw much light on the process of 
ossification and tooth formation. The (connection of these results 
with the w(3rk of Vogelsang (p. 1090) on globulites and other 
embryonic crystalline foi’ms is obvious. The inquiiy has been 
further prosecuted by Dr. W. M. Ord, with express refenmce to tlie 
formation of urinary and otlier calculi. ^ 

Micro-chemical Analysis. — Tlie methods which serve for the 
(pialitative analysis of chemical substances, and which are based 
upon the reactions shown by such substances when treated with 
solutions of various reagents, have been applied by numbers of 
workers to the identification of the constituents of a material by the 
aid of chemical reactions, the results of which are traced upon the 
microscope stage. Thus a very complete .scheme has been woi*ked 
out by II. Behrens for the detection of the constituents of inorganic 
compounds,^ and a somewhat similar, althougli naturally less com- 
prehemsive, scheme has been given by the .same author for the 
identification of organic compounds.'* The analytical methods are 
intended primarily to .serve for identifying the components of a 
material available Only in small (piantities ; but in many cases the 
micio-chemical method is more i-apidly applied, and is more 
accurate in its results, than the ordinary pr(x?esses of qualitative 
analysis. In applying the microscope for this purpose the substance 
to be examined is placed upon a watch-glass or glass slide, either in 
the solid state or in the form of a solution ; the various crystalline 
forms which make theii* appearance as a result of the addition of 
difierent leagents are then noted, and fi'om the information thus 
obtained a knowledge of the constituents of the original substance is 
deduced. A very important application of micro-chemical analysis 

1 See Prof. Karting’s Recherches de Morphologie syntMfique sur la product ton 
artijjcielle dr quelques Formations CalcairesFwrganiqiirSypiihlUes par V Academic 
Eoyale Nerrla7idai8e des Sciences, Amsterd&m, 1872; and Quart. Jotirn. Microsc. 
Sci. xii. p. 118. 

^ See his treatise On the Influence of Colloids upon Crystalline Form and 
Cohesion, London, 1879. 

Ayileitung zur mikrochemisclien Analyse, Hamburg, 1895. 

‘ Mihrocheniischen Analyse der organischen Verhindungen, Hamburg, 1895. 
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has been made in connection with the detection of poisons, and by 
a judicious combination of microscopical with chemical leseai-ch,. 
the application of reagents may be made effectual for the de- 
tection of poisonous or other substances in quantities fai* more 
minute than have been previously supposed to be recognisable. 
Thus it is stated by Dr. Wormley ‘ that micro-chemical analysis 
enables us by a very few minutes’ labour to recognise with un- 
erring ceitainty the reaction of the looVoo^^^ part of a grain of 
either liydrocyanic acid, mercury, or arsenic ; and that in many 
other instances we can easily detect by its means tlie prc^sence of 
vei*y minute quantities of substances, the true nature of which 
could only be otherwise determined in comparatively large (piantity, 
and by considei*able labour. This inquiry may be i)rosecuted, how- 
ever, not only by the application of ordiiiarv chemical tests under 
the microscope, but also by the uf'e of other means of recognition- 
which the use of the microscoj)e affords. Thus it has been show'll that 
by the careful sublimation of arsenic and arsenious acid, the subli- 
mates being deposited upon small discs of thin glass, these are dis- 
tinctly recognisable by the forms they present under the microsco]ie 
(especially the binocular) in extremely minute (piantities ; and that 
the same method of procedure may be a])plied to the volatile elements,, 
mercury, cadmium, selenium, telluiaum, and some of theii* compounds, 
and to some other volatile bodies, as sal-ammoniac, canqdior, and 
sulphur. The method of sublimation w^as afterw'ards extended to the 
vegetable alkaloids, such as morphine, strychnine, veratrine,*-^ A-c. 
And subsequently it was shown that the same method could be further 
extended to such animal products as the constituents of the blood 
and of urine, and to volatile and decomposable organic substances 
generally By the caj-eful prosecution of micro-chemical inquiry, 
especially with the aid of the spectroscope (where possible), the 
detection of poisons and other substances in very minute quantity 
can be accomplished with a. facility and ceitainty such Jis weie 
formerly scarcely conceivable. 

1 Micro-cliemistry of Poisons, New York, 1857. 

See Wyiiter Bbtli, Poisons, their Effeets and Dcfrct(o)i, London, 18a5. 
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APPENDIX A 

TABLE OF NATURAL SINES 



0 ' 



45 '=|® 


0 ' 


30 ' = i « 


0 

•0000 

•0044 

•0087 

•0131 

46 

•7193 

•7224 

•7254 

•7284 

1 

*0175 

•0218 

•0262 

•0305 

47 

•7314 

•7343 

•7373 

•7402 

2 

•0349 

•0393 

•0436 

•0480 

48 

•7431 

•7461 

•7490 

•7518 

3 

*0523 

•0567 

•0610 

•0654 

49 

•7547 

•7576 

•7604 

•7632 

4 

•0698 

•0741 

•0785 

•0828 

50 

•7660 

•7688 

•7716 

•7744 

5 

•0872 

•0916 

•0958 

•1002 

51 

•7771 

•7799 

•7826 

•7853 

6 

•1046 

•1089 

•1132 

•1175 

52 

•7880 

•7907 

•7934 

•7960 

7 

•1219 

•1262 

•1305 

•1349 

53 

♦7986 

•8013 

•8039 

•8064 

8 

•1392 

•1435 

•1478 

•1521 

54 

•8090 

•8116 

•8141 

•8166 

9 

•1564 

•1607 

•1650 

•1693 

55 

•8192 

•8216 

•8241 

•8266 

10 

■1736 

•1779 

•1822 

•1865 

56 

•8290 

•8315 

•8339 

•8363 

11 

•1908 

•1951 

•1994 

•2036 

57 

•8387 

•8410 

•8434 

•8457 

12 

•2079 

•2122 

•2164 

•2207 

58 

•8480 

•8504 

•8526 

•8549 

13 

•2250 

•2292 

•2334 

•2377 

59 

•8572 

•8594 

•8616 

• 86‘'^8 

14 

•2419 

•2462 

•2504 

•2546 

60 

•8660 

•8682 

•8704 

•8725 

15 

•2588 

•2630 

•2672 

•2714 

61 

•8746 

•8767 

•8788 

•8809 

If ) 

•2750 

•2798 

•2840 

•2882 

62 

•8829 

•8850 

•8870 

•8890 

17 

•2924 

•2965 

•3007 

•3049 

63 

•8910 

•8930 

•8949 

•8969 

18 

•3090 

•3132 

•3173 

•3214 

64 

•8988 

•9007 

•9026 

•9045 

19 

•3256 

•3297 

•3338 

•3379 

65 

•9063 

•9081 

•9100 

•9118 

20 

•3420 

•3461 

•3502 

•3543 

66 

•9135 

•9153 

•9171 

•9188 

21 

•3584 

•3624 

•3665 

•3706 

67 

•9205 

•9222 

•9239 

•9255 

22 

•3746 

•3786 

•3827 

•3867 

68 

•9272 

•9288 

•9304 

•9320 

23 

•3907 

•3947 

•3987 

•4027 

69 

•9336 

•9351 

•9367 

•9382 

24 

•4067 

•4107 

•4147 

•4187 

70 

•9397 

•9412 

•9426 

•9441 

25 

•4226 

•4266 

•4305 

•4344 

71 

•9455 

•9469 

•9483 

•9497 

26 

•4384 

•4423 

•4462 

•4501 

72 

•9511 

•9524 

•9537 

•9550 

27 

•4540 

•4579 

•4617 

•4656 

73 

•9563 

•9576 

•9588 

•9600 

28 

; -4695 

•4733 

•4772 

•4810 

74 

•9613 

•9625 

•9636 

•9648 i 

29 

•4848 

•4886 

•4924 

•4962 

75 

•9659 

•9670 

•9681 

•9692 i 

30 

•5000 

•5038 

•5075 

•5113 

76 

•9703 

•9713 

•9724 

•9734 , 

31 

•5150 

•5188 

•5225 

1 -5262 

77 

•9744 

•9753 

•9763 

•9772 

32 

•5299 

•5336 

•5373 

•5410 

78 

•9781 

•9790 

•9799 

•9808 

38 

•5446 

•5483 

•5519 

•5556 

79 

•9816 

•9825 

•9833 

•9840 

34 

•5592 

•5628 

•5664 

•5700 

80 

•9848 

•9856 

•9863 

•9870 

35 

•5736 

•5771 

6807 

•5842 

81 

•9877 

•9884 

•9890 

•9897 

36 

♦5878 

•5913 

•5948 

•5983 

82 

•9903 

•9909 

•9914 

•9920 

37 

•6018 

•6053 

•6088 

•6122 

83 

•9925 

•9931 

•9936 

•9941 

38 

•6157 

•6191 

•6225 

•6259 

84 

•9945 

•9950 

•9954 

•9958 

39 

•6293 

•6327 

•6361 

•6394 

85 

•9962 

•9966 

•9969 

•9973 

40 

•6428 

•6461 

•6494 

•6528 

86 

•9976 

•9979 

•9981 

•9984 

41 

•6561 

•6593 

•6626 

•6659 

87 

•9986 

•9988 

•9990 

•9992 

42 

•6691 

•6724 

•6756 

•6788 

88 

•9994 

•9995 

•9997 

•9998 

43 

•6820 

•6852 

•6884 

•6915 

89 

•9998 

•9999 

1-0000 

l^OOOO 

44 

•6947 

•6978 

•7009 

•7040 

90 

1-0000 




45 

•7071 j 

•7102 

•7133 

1 

•7163 







yote . — The sine of any given angle is the length of the perpendicular opposite the given angle in a 
right-angled triangle which contains the given angle divided by the length of the hypotenuse. The 
above table is constructed on the principle that the hypotenuse is always equal to unity, by which 
means the fraction is got rid of, as the denominator may be left out. Thus, 

Sin 

hypotenuse 1 


4b2 
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APPENDIX B 

TABLE OF BEFBAOTIVE INDICES 
Substance Refractive Index 


Water ..... 




. D 

1*334 

5m 

54*7 

Saliva 




. /u E 

1*339 

— 

Sea-water .... 




. E 

1*343 



Human blood 




. /U E 

1*354 

— 

Alum (sat. sol.) . 




. ^ D 

1*457 

— 

Ether (60° Fahr.) . 




. D 

1*357 

84*9 

Albumen .... 




. B 

1*350 

— 

Absolute Alcohol , 




. fX B 

1*364 

58*6 

Oil of Ambergris . 




. fX E 

1*368 

— 

Salt (sat. sol.) 




. fx E 

1*375 

— 

Fluor Spar .... 




. fXJ) 

1*4338 

97*3 

Diatom Silex 




. fX B 

1*434 

— 

Spermaceti .... 




. fX B 

1*503 

— 

Bees-wax .... 




. fX B 

1*553 

— 

Oil of Olives (sp. gr. 0*913) * 




. fX B 

1*470 

54*7 

Borax ..... 




. fX B 

1*515 

60*6 

Naphtha .... 




. fX E 

1*475 

— 

Oil of Turpentine (sp. gr. *885) 




. fX B 

1*474 

46*5 

Oil of Linseed (sp. gr. *932) . 




. fX B 

1*485 

— 

Castor Oil .... 




. fX-D 

1*490 

— 

Chloride of Tin . 





1*503 

— 

Oil of Cinnamon . 




. fxT> 

1*619 

14*3 

Oil of Cedar .... 




. /X B 

1*510 

— 

Gum Arabic .... 




. fX E 

1*512 

— 

Dammar .... 




. fXD 

1*520 

— 

Oil of Cloves 




. B 

1*533 

— 

Sugar ..... 




. ^X B 

1*535 

— 

Felspar .... 




. M D 

1*764 

— 

•Cedrene .... 




. fX B 

1*539 

— 

Canada Balsam . 




. fX B 

1*526 

41*5 

Oil of Fennel 




. fX B 

1*544 

— 

Rock Crystal 




. /X B 

1*545 

70*0 

Rock Salt (sp. gr. 2*143) 




. U B 

1*555 

— 

Nitro-benzene 




. H B 

1*558 

— 

Styrax 


• 


. fx B 

1*582 

__ 

Meta-cinnamene . 




. fX B 

1*597 

29*8 

•Quinidine .... 


• 


. ^X B 

1*602 

24*1 

Benzylaniline 




. fX B 

1*611 

— 

Methyldiphenylamine . 




. fX B 

1*616 

— 

Balsam of Tolu . 




. /X E 

1 618 

— 

Bisulphide of Carbon . 




. fX B 

1*630 

18*3 

Oil of Cassia 




. fX B 

1*578 

17*0 

Quinoline .... 




. fX B 

1*633 

— 

Tourmalin (ordinary ray) 


• 


. tX B 

1*668 

— 

Kreasote .... 


• 


. fX B 

1*538 

29*9 

Petroleum .... 




. M B 

1*457 

15*3 

Phenyl-thiocarbimide . 


• 


• M D 

1*654 

18*7 

Iceland Spar (ordinary ray) . 


• 


• fX D 

1*657 

49*0 
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Substance 

Refractive Index 


Monobromonaphthalene .... 

/u l> 

1*658 

1^9 

Piperine and Balsam 

At D 

1*657 

— 

Naphthyl-phenyl-ketone .... 

At D 

1*669 

17*6 

Bromide of Antimony . . (approximately 

At D 

1*680 

— 

Piperine 

At D 

1*681 

9*88 

Methylene di-iodide 

At D 

1*743 

21*2 

Sulphur in methylene di-iodide . 

At D 

1*778 

— 

Zircon 

Atn 

1*950 

— 

Carbonate of Lead 

At D 

1*81 to 2 08 

— 

Borate of Lead 

At A 

1-86G 

— 

Phosphorus in methylene di-iodide (equal weights 

At D 

1*944 

17*1 

Sulphur (melted) 

At E 

2*148 

— 

Phosphorus ....... 

At D 

2 224 

— 

Diamond (sp. gr. 3*4) 

At D 

2*47 

— 

Chromate of Lead 

At I) 

2*50 to 2*97 

— 

Realgar (artificial) 

fX E 

2*549 

— 


Glass 

jii— t 

Substance Refractive Index 


Crown . . . • • 

. fx r> 

1-51 to 

1*56 

59 0 to 46*0 

Plate 

. tx D 

1*516 


— 

Extra Light Flint . • • 

. fX D 

1*541 


49*2 

Light Flint .... 

. A^D 

1*574 


41*0 

Dense Flint . . . • 

. fX-D 

1*622 


36*5 

Extra Dense Fluid 

. A^D 

1*650 


34*2 

Double Extra Dense Flint 

. A*D 

1*710 


30*0 


Boro-silicate Crown 

. IX D 

1*51 


64*0 

m 

Phosphate Crown 

. AtB 

1*51 to 

1*56 

70*0 to 67*0 


Barium Silicate Crown 

. A* I> 

1*54 „ 

1*60 

59*0 „ 55*0 

3 - 

Boro-silicate Flint 

. IX D 

1*55 „ 

1*57 

49*0 „ 47 0 

c3 

S3 

Borate Flint 

. IX D 

1*55 „ 

1*68 

55*0 „ 33*0 

O 

Hs 

Barium Phosphate Crown 

. IX D 

1*58 


65*2 


Wery heavy Silicate Flint 

. IX 1> 

1*963 


19*7 

Glass of Antimony 

. A* » 

2*216 


— 


The extraordinary dispersion of the alkaloid Piperine will be noticed. Its 
refractive index is less than that of Chance’s Double Extra Dense Flint, yet 
Piperine has three times its dispersion. 
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APPENDIX 0 

TABLE OF ENGLISH MEASUEE8 AND WEIGHTS, WITH THE Hi 
METRICAL EQUIVALENTS 

The following are calculated from the values of the metre, determined 
in 1896, and the kilogramme in 1883, by the order of the Board of Trade. 

Length 

Inch 

Poot = 12 inches 

Yard = 3 feet 

Fathom = 2 yards 

Pole = 5 J yards 

Chain = 4 poles 

Furlong = 10 chains 

Statute Mile = 8 furlongs = 6,280 feet 
Oeographical Mile = 6,087*23 feet . 

Knot = 6,080 feet 

Superficies 

Square Inch = 6*45159 Square Centimetres. 

= *00645 Milliare. 

„ Foot == 144 Sq. Inches - *92903 „ 

„ Yard = 9 „ Feet = 8*36126 Milliares. 

= *83613 Centiare. 

Perch = 30 j „ Yards = 2*52928 Deciares. 

Eood = 40 Perches . = 10*11712 Ares. 

Acre = 4 Koods . . = 40*46849 „ 

Square Mile - 258*99836 Hectares. 

Volume 

Cubic Inch = 16*387 Cubic Centimetres. 

„ Foot . . = 1728 Cubicinches = 2*83168 Centisteres. 

„ Yard . . = 27 „ Feet = 7*64553 Decisteres. 

Capacity 

Apothecaries* 

Minim, 711 .. . = *05919 Cubic Centimetre or Millilitre. 

Drachm, f 5 = 60 111 = 3*5515 „ Centimetres or Millilitres. 

Ounce, f 3 =8f5 - 28*4123 „ „ = 2*84123 Centilitres. 

Pint, 0 . = 20 f 5 = 568*246 „ „ = 5*68245 Decilitres. 

Gallon, C = 8 0 = 4*54596 „ Decimetres, Millisteres, or Litres. 

Imperial 

Gill = 142*061 Cubic Centimetres = 1*42061 Decilitre. 

Pint . = 4 gills = 568*245 „ „ = 6*68245 Decilitres. 

Quart . = 2 pints = 1*13649 „ Decimetre, Millistere, or Litre. 

Gallon. =4 quarts = 4*54596 „ Decimetres, Millisteres, or Litres. 

Peck . = 2 gallons = 9*09193 „ „ „ „ 

Bushel = 4 pecks = 3*63677 Decalitres. 

Quarter = 8 bushels = 2*90942 Hectolitres. 


= 2*539998 Centimetres. 
= 3*047997 Decimetres. 
= *914399 Metre. 

= 1*828798 „ 

= 5*029196 Metres. 

= 2*011678 Decametres. 
= 2*011678 Hectometres. 
= 1*609343 Kilometre. 

= 1*855386 
= 1*853182 „ 
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nil 


Weight 

Apothecaries' 


Grain, gr = 6*479892 Centigrammes. 

Scruple, 3 = 20 gr. = 1*29598 Gramme. 

Drachm, 5 • • • = 3 3 = 60 gr. = 3*88794 Grammes. 

Ounce, 5 . . . =85 = 480 gr. = 3*11035 Decagrammes. 

Avoirdupois 

Grain, gr = 6*479892 Centigrammes. 

Drachm, dr =27*34375 gr. = 1*77185 Gramme. 

Ounce, oz. . . . = 16 dr. = 437*5 gr. = 2*83495 Decagrammes. 

Pound, lb. . . . =16 oz. = 7000 gr. = 4*5359243 Hectogrammes. 

Stone, st. ... = 14 lb = 6*35029 Kilogrammes. 

Quarter, qr. . . = 28 lb = 12*70059 ,, 

Hundredweight, cwt. = 4 qr = 50*80235 = *50802 Quintal. 

Ton =20 cwt = 1*01605 Tonne. 


1 lb. Avoirdupois = *822857 lb. Troy or Apothecaries’. 
1 lb. Troy or Apothecaries = 1*21527 lb. Avoirdupois. 


TABLE OF METBIG MEASURES AND WEIGHTS, WITH THEIR 
ENGLISH EQUIVALENTS 

The metre was originally intended to be the iTjtrxjVmJ oth part of the 
distance from the pole of the earth to the equator, measured along a 
certain meridian, but owing to an error its length is too short. The 
metre is therefore the length of a definite standard in Paris. 

Length 


Micron, i.e. (.u . = Millimetre . . = *00008937 Inch. 

Millimetre . . = ^ Centimetre . = *03937 ,, 

Centimetre . . = tV Decimetre . . = *39370 „ 

Decimetre . . = Metre . . . = 3*93701 Inches. 

Metre . . . = Unit == 3*28084 Feet. 

= 1*093614 Yard. 

Decametre . . =10 Metres ....=■ 1*98839 Pole. 

Hectometre . = 10 Decametres . . = 4*97097 Chains. 

Kilometre . . = 10 Hectometres . . =4*97097 Furlongs. 


= *6213716 Statute Mile. 

= *5389714 Geographical Mile. 
= *5396124 Knot. 

Superficies 

Milliare . . = 10 Sq. Decimetres = 1*07639 Sq. Ft. = 155*0006 Sq. In. 

Centiare . . = 1 „ Metre = 1*19599 Square Yard. 

Declare . . =10 „ Metres = 11*05992 ,, Yards. 

Are = Unit . = 1 ,, Decametre =119*59921 „ ,, 

Hectare . . = 1 ,, Hectometre = 2*47106 Acres. 


Volume 


Millistere . . 

= 1 

Cubic Decimetre = 

61*0239 Cubic Inches. 

Centistere . . 

= 10 

11 

Decimetres = 

610*239 

»» 

Decistere . . 

= 100 


»» ~ 

3*531476 „ 

Feet. 

Stere = Unit . 

= 1 


Metre = 

1*30795 „ 

Yard. 

Decastere . • 

= 10 

» 

Metres = 

13*07954 „ 

Yards. 

Hectostere . . 

r= 10 

Decasteres = 

130*7954 „ 

I* 



II 12 


APPENDICES AND TABLES 


Capacity 


Millilitre = Cubic Centimetre — *007039 Tmpr. Gill. 

Centilitre ^ 10 Cubic Centimetres = *07039 ,, ,, 

Decilitre - 100 „ „ = *7039 ,, ,, 

Litre . =Millistere =1*7598 „ Pint. 

Decalitre = 10 Litres =2*19975 ,, Gals. 

Hectolitre = 10 Decalitres 2*74969 „ Bush. 


Kilolitre = 10 Hectolitres = 1 Store = 1 Cubic Metre = 3*43712 „ Qrs. 


Weight 


Milligramme = 3 ^ Centigramme 
Centigramme = Decigramme 
Decigramme =^*0 Gramme 
Gramme . . = Unit 

Decagramme = 10 Grammes 
Hectogramme = 10 Decagrammes 
Kilogramme - 10 Hectogrammes 
Mj^riagramme = 10 Kilogrammes 
Quintal . . =10 Myriagrammes 

Tonneau . = 10 Quintals 


Avoirdupois 
= *01543 Grain. 

= *15432 „ 

= 1*54324 „ 

= 15*432356 Grains. 
= 5*64383 dr. 

= 3*5274 oz. 

= 2*204622 lb. 

= 22*04622 „ 

= 1*96841 cwt. 

= *98421 ton. 


The legal equivalent of the metre is 39*37079 inches, and of the kilo- 
gramme 15432*34874 grains, in the above tables the values obtained in 
1883 and 1890 by the order of the Board of Trade have been adopted as 
being the more accurate. In 1893 the metre was measured by Eogers, 
who found it equal to 39*370155 inches. 

Weights can be more accurately compared than either lengths or 
capacities. The actual weight of the standard kilogramme in Paris is 
16432*35639 grains, and the English avoirdupois pound is equal to 
463*5924277 grammes. 
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CONVVIBSION OF BRITISH AND METRIC MEASURES 

Computed by Mr. E. M. Nelson from the New Coefficient obtained by Order of 
the Board of Trade in 1896, 

Lineal. 

Metric into British, 


h 

ms. 

mm. 

ins. 

mm. 

ilia. 

1 

•000039 

1 

•039370 

51 

2-007876 

2 

•000079 

2 

•078740 

52 

2-047246 

3 

•000118 

3 

•118110 

53 

2-086616 

4 

•000167 

4 

•157480 

54 

2-125986 

S 

•000197 

5 

•196861 

55 

2-166366 

e 

•000236 

6 

•236221 

56 

2-204726 

7 

•000276 

7 

•276691 

57 

2-244096 

s 

•000315 

8 

•314961 

58 

2-283467 

9 

•000354 

9 

•364331 

59 

2-322887 

10 

•000394 

10 

•393701 

60 

2*862207 

11 

•000433 

11 

•433071 

61 

2-401677 

12 

•000472 

12 

•472441 

62 

2-440947 

13 

■000612 

13 

•611811 

63 

2-480317 

X4 

•000561 

14 

•561182 

64 

2-619687 

13 

•000691 

15 

•590552 

65 

2-669067 

13 

•000630 

16 

•G29922 

66 

2*698427 

17 

•000669 

17 

•669292 

67 

2-637798 

18 

•000709 

18 

•708662 

68 

2*677168 

19 

•000748 

19 

•748032 

69 

2-716538 

20 

•000787 

20 

•787402 

70 

2-765908 

21 

•000827 

21 

•826772 

71 

2-795278 

22 

•000866 

22 

866142 

72 

2-834648 

23 

•000906 

23 

•905513 

73 

2-874018 

24 

•000945 

24 

•944883 

74 

2-913388 

26 

•000984 

25 

•984263 

75 

2-962758 

20 

•001024 

26 

1-023623 

76 

2-992129 

27 

•001063 

27 

1 062993 

77 

3-031499 

28 

•001102 

28 

1-102363 

78 

3-070869 

29 

•001142 

29 

1-141738 

79 

3-110239 

30 

•001181 

30 

1 181103 

80 

3*149609 

31 

•001220 

31 

1-220478 

81 

3-188979 

32 

•001260 

32 

1-259844 

82 

3-228349 

33 

•001299 

33 

1 299214 

83 

3-267719 

34 

•001339 

34 

1-338584 

84 

3-307089 

35 

•001378 

35 

1-377954 

85 

3-346460 

36 

•001417 

36 

1-417324 

86 

8-386830 

37 

•001457 

37 

1-456694 

87 

3-426200 

38 

•001496 1 

38 

1-496064 

88 

3-464670 

39 

•001635 

39 

1-635434 

89 

3 503940 

40 

•001676 j 

40 

1-574806 

90 

3-543310 

41 

•001614 

41 

1*614175 

91 

3-682680 

42 

•001664 

42 

1*653546 

92 

3-622050 

43 

•001693 

43 

1-692915 

93 

3-661420 

44 

•001732 

44 

1-732285 

94 

8-700791 

45 

•001772 

45 

1-771655 

95 

3-740161 

46 

•001811 

46 

1-811025 

96 

8*779681 

47 

•001850 

47 

1-850395 

97 

3*818901 

48 

•001890 

48 

1-889765 

98 

3*858271 

49 

•001929 

49 

1-929136 

99 

3-897641 

60 

•001969 

1 

60 

1-968506 



60 

•002362 





70 

•002766 


decim. 

ins. 


80 

•003160 1 


1 

8-9370113 


90 

•003543 


2 

7-8740226 


100 

•003937 


3 

11-8110389 


200 

•007874 


4 

16-7480452 


300 

•011811 


5 

19-6860666 


400 

•016748 


6 

23-6220678 


500 

•019685 


7 

27*5690791 


600 

•023622 


8 

Sl-4960904 


700 

•027569 


9 

35-433101T 


800 

•031496 





900 

•036433 


1 metre 

3-2808428 ft. 


XOOO 

( = 1 mm.) 



109361425 yd. 
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British into Metric^ 


ill. 

mm. 

1 

25*399978 

2 

50*799956 

3 

76*199934 

4 

101*599912 

5 

126*999890 

6 

152*399868 

7 

177*799846 

8 

203*199824 

9 

228*599802 

10 

253*999780 

11 

279*399758 

1 ft. 

304*799736 

1 ycl. 

914*399208 

111. 

lum. 

1 

2 

12*699989 


8*466659 

2 

3 

16*933319 

A 

4 

6*349994 

.i 

4 

19*049983 

i 

5*079996 

1 

10*159991 

15*239987 

4 

20*319982 

1 

4*233330 

IS 

21*166648 

Y 

3*628568 

3*174997 

3 

I 

9*524992 

15*874986 

7 

22*224980 

1 

2*822220 

a 

lo 

2*539998 

3 

10 

7*619993 

7 

To 

17*779985 

0 

lo 

22*859980 


in. 



25 


- 1 _ 

45 

4 


G? 


mm. 

2*309089 

2*116665 

10*583324 

14*816654 

23*283313 

1*953844 

1*814284 

1*693332 

1*587499 

4*762496 

7*937493 

11*112490 

14*287487 

17*462485 

20*637482 

23*812479 

1*494116 

1*411110 

1*336841 

1*269999 

1*209523 

1*154544 

1*104347 

1*058332 

1*015999 

*846666 

•725714 

‘634999 

*564444 

*508000 

*461818 

*423333 

•390769 

*362857 

*338666 

*317500 


in. 

% 

95 


Too 


300 

355 

?|5 

loo 

ft 

600 

1 

650 

?o5 

Y55 

8J0 

850 

1 

900 

950 


io5o 


*298823 

*282222 

*267368 

*254000 

*169333 

•127000 

*101600 

•084667 

*072571 

*063500 

*056444 

•050800 

*046182 

*042333 

*039077 

*036286 

*033867 

*031750 

*029882 

•028222 

*026737 


25*399978 

12*699989 

8*466659 

6*349994 

5*079996 

4*233330 

3*628568 

3*174997 

2*822220 

2*539998 

1*693332 

1*269999 

1*015999 
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TABLE FOB THE CONVEBSION OF FBACTIONAL PABT8 OF AN 
ENGLISH INCH INTO MBTBICAL LINEAB ME ABUSE. 


1 -T- 

mm. 

1 -f- 

Micra. 

1 -r 

Micra. j 

I 

1 

Micra. 

2 

12-70 

33 

770 i 

66 

385 

99 

256 

3 

8-47 

34 

747 

67 

379 

100 

254 

4 

6-35 

35 

726 

68 

374 

105 

242 

5 

5-08 

36 

706 

69 

368 

110 

231 

6 

4-23 

37 

686 

70 

363 

115 

221 

7 

3-63 

38 

668 

71 

358 

120 

212 

8 

3-17 

39 

651 

72 

353 

125 

203 

9 

2-82 

40 

635 

73 

348 

130 

195 

10 

2-54 

41 

619 

74 

343 

135 

188 

11 

2-31 

42 

605 

75 

339 

140 

181 

12 

212 

43 

591 

76 

334 

145 

175 

13 

1-95 

44 

577 

77 

330 

150 

169 

14 

1'81 

45 

664 

78 

326 

155 

164 

15 

1-69 

46 

552 

79 

321 

160 

159 

16 

1-59 

47 

540 

80 

317 

165 

154 

17 

1-49 

48 

529 

81 

314 

170 

149 

18 

1‘41 

49 

518 

82 

310 

175 

145 

19 

1-34 

50 

508 

83 

306 

180 

141 

20 

1-27 

51 

498 

84 

302 

185 

137 

21 

1-21 

52 

488 

85 

299 

190 

134 

22 

1-15 

53 

479 

86 

295 

195 

130 

23 

110 

54 

470 

87 

292 

200 

127 

24 

1*06 

65 

462 

88 

289 

205 

124 

25 

102 

56 

454 

89 

285 

210 

121 



57 

445 

90 

282 

215 

118 


Miora. 

58 

438 

91 

279 

220 

115 

26 

977 

59 

430 

92 

276 

225 

113 

27 

941 

60 

423 

93 

273 

230 

110 

28 

907 

61 

416 

94 

270 

235 

108 

29 

876 

, 62 

410 

95 

267 

240 

106 

30 

847 

63 

403 

96 

265 

245 

104 

31 

819 

64 

397 

97 

262 

250 

102 

32 

794 

66 

391 

98 

259 
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Lines 

Lines 

Lines 

Lines 

Fractions 


per inch 

in mm. 

per inch 

in mm. 

of an inch 


5,000 

197 

200,000 

7,874 

1-5, 000th 

6-08 

10,000 

394 

210,000 

8,268 

10,000 

2-64 

15,000 

691 

220,000 

8,661 

20,000 

1-27 

20,000 

787 

230,000 

9,066 

30,000 

•847 

25,000 

984 

240,000 

9,449 

40,000 

•636 

30,000 

1,181 

250,000 

9,843 

60,000 

•508 

36,000 

1,378 

260,000 

10,236 

60,000 

•423 

40,000 

1,575 

270,000 

10.630 

70,000 

•363 

45,000 

1,772 

280,000 

11,024 

80,000 

•317 

60,000 

1,968 

290,000 

11,417 

90,000 

•282 

66,000 

2,165 

300,000 

11,811 

100,000 

•264 

60,000 

2,362 

360,000 

13,780 

110,000 

•231 

66,000 

2,669 

400,000 

15,748 

120,000 

•212 

70,000 

2,766 

450,000 

17,717 

130,000 

•195 

76,000 

2,953 

600,000 

19,685 

140,000 

•181 

80,000 1 

3,160 

26,399-98 

60,800 

76,200 

101,600 

127,000 

Lines in ju, 

150,000 

•169 

86,000 

3,346 

1 

o 

160,000 

•159 

90,000 

3,643 

z 

Q 

170,000 

•149 

96,000 

3,740 

o 

A 

180,000 

•141 

100,000 

3,937 

4 

6 

190,000 

•134 

110,000 

4,331 

152,400 

177,800 

203,200 

228,600 

254,000 

6 

200,000 

260,000 

•127 

120,000 

4,724 

•1016 

130,000 

6,118 

7 

8 

Q 

300,000 

•0847 

140,000 

6,512 

360,000 

•0726 

160,000 

6,906 

y 

10 

400,000 

•0635 

160,000 

6,299 


450,000 

•0664 

170,000 

6,693 



600,000 

•0508 

180,000 

7,087 





190,000 

7,480 
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It is often necessary in the examination of a photo-micrograph of 
diatomic or other periodic structures to determine at what rate per inch 
or per mm. the structure is in the original object, the amplification of the 
photo-micrograph being known. 

Example; In a photo-micrograph of a diatom amplified 735 diams. 
12 dots can be counted in *3 of an inch. At what rate per inch is the 
structure in the diatom ? 

magnifying power x number counted . 

space counted * 

= 29,400 per inch. 

*3 inch 

(2) If the answer is required in rate per mm., the space in which 
the number is counted being in inches as before, then, because 1 inch 
= 25*4 mm. 


735 ^12 
•3 inch X 25*4 


= 11.57*5 per mm. 


(3) Suppose a rule divided in mni. is used to determine the space in 
which the number on the photo-micrograph is counted, and the rate per 
inch is required ; if twelve dots can be counted in 7 mm., then, because 
1 inch = 25*4 mm. 


735 X 12 X 25*4 i 

w ^ 32,004 per mch. 

7 mm. 
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APPENDIX D 

COMPARISON OF THE SCALES OF FAHBENHEIT8, THE 
CENTIGRADE, AND REAUMUR’S THERMOMETERS 

These three thermometers are graduated so that the range of temperature 
between the freezing and boiling points of water is divided by Fahrenheit’s 
scale into 180° (from 32° to 212°), by the Centigrade into 100° (from 0° to 
100°), and by that of Keaumur into 80° (from 0° to 80°) portions or degrees. 
Hence we derive the following equivalents : — 

A degree of Fahrenheit is equal to *5 of the Centigrade, or to *4 of 
Reaumur’s ; a degree of the Centigrade is equal to 1*8 of Fahrenheit’s, or 
to *8 of Reaumur’s; and a degree of Reaumur's is equal to 2*25 of 
Fahrenheit’s, or to 1*25 of the Centi^ade. 

To convert degrees of Fahrenheit into the Centigrade or Reaumur’s, 
subtract 32 and multiply the remainder by f for the Centigrade, or ^ for 
Reaumur’s. 

To convert degrees of the Centigrade or Reaumur’s into Fahrenheit’s, 
multiply the Centigrade by f, or Reaumur’s by f, as the case may be, 
and add 32 to the product. 


Example 


Let F, C, and R = the number of degrees Fahrenheit, Centigrade, and 
Reaumur respectively. Then 


F = ®— + 32; 

5 

F-?^ + 32; 
4 

^ 5(F-32). 

^ 9 ’ 

P 5 R 

c=_. 

„_4 (F-32). 

9 ’ 

B-_, 

F = C + R + 32. 


This last formula is of use, because in England thermometers are 
usually graduated in Fahrenheit and Centigrade. Reaumur may be found 
by inspection by subtracting the Centigrade from the Fahrenheit and 
taking 32 from the remainder. On the Continent thermometers are 
generally graduated in Reaumur and Centigrade. Fahrenheit can be found 
by adding Reaumur and Centigrade and 32. — Example : If the thermometer 
reads 8 Reaumur and 10 Centigrade, the Fahrenheit will be 

8 + 10 + 32 = 50 F. 
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APPENDIX E 

OPTICAL FOBMUL.^ 

To fin^ C, the optical centre of a lens : Let A and B be the vertices, let 
the radius of the curve A = r, and that of B = s, t = thickness of the lens 
and fi the refractive index. Then 


Example explaining the method of treating the signs : First, it should 
be particularly noticed that all curves which are convex to the left hand 
have positive radii, and those turned the other way negative radii. 

In a biconvex let r = 2, 5 = - 3, and t = l; then by (i) 

.p 2x1 _ 2 __2. -3x1 _ _3 

2^(-3) 2~+3 5’ 2-(-3) 2 + 3 5* 

The point C is measured, therefore, to the right hand from A, and to 
the left from B. In a plano-concave let r *= — 2, s = go , and ^ = 1 ; then 

AO = — =0; BC= =-^2-= -1 . . (i) 

-. 2 - 00 ’ -2-00 -00 ^ ^ 

c is therefore coincident with A. 

The principal points D and E may be found thus : 


fi r-s 

Example ; In a meniscus r 
facing the left hand. 


B E - A . -Ll. .... 

/X r — 5 

— 3 , 5 - — 2 , t = and = ; 


concavities 


AD = -o 


4 

-3-(-2) 


3 

2 '"’4 

3 • -3+2 


D is measured } inch to the right from A. 

o 1 1 


BE = 5 


-3-(-2) 


2 ^ 

3 ■ -3+2 


E is measured ^ inch to the right from B. 

If the meniscus is turned round so that its convexities face the left 
hand, r = 2, s = 3, ^ = 


Similarly BE— — Both are therefore measured to the left. Tho- 
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formulfie (ii) are approximations, sufiBiciently accurate for general practical 
purposes, but in cases of importance the following, longer but more 
accurate, formulae should be used : 



Plano-convex Lens. — Let /=the principal focal point and ^^the 
semi- aperture ; then if parallel rays are incident on A, the plane side of 
the lens, r = oo, and by (ii) B E = 0. The principal point is therefore at 
the vertex B, and the focal length 


e/=b/. 

^-1 

The spherical aberration 

■' 2 Vu-1/ / 


Thus when 

2 


8/= -4-5 ^ 


If the parallel rays are incident on the convex side A, 5 = oo , 
B E = — - (ii), and the focal length 


(Vi). E/=-^ 

fX-1 /X fl-1 

The spherical ^ aberration 

8 /= - +2 


When II = 1'516 (plate glass) 


2m(m-1)* / 


8/= -1-1^ (viii) 

When /X = 1*62 (flint glass) 

8/= --8042^ (viii) 

To find the radius of a plano-convex lens, the ref. index and focus 
E / being given : 

-.(vii) 

To find the radius of a plano-convex lens, the ref. index, the thickness, 

and the focus B/ being given : 

r- (»‘-l)(*‘/+^) (vi) 

A plano-concave lens follows a plano-convex; / will be negative, 

which shows that the focus is virtual. Concaves being thin, t is usually 
neglected. 

Equi-convex and equi-concave generally : 


2(/x-l) 


. . . (ix) 


Equi-convex more accurately : 


1 Heath’s Geo7netrical OjpticSt 1887. 
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Equi-convex more accurately : 

• • W 

Spherical ^ aberration 

(«) 

In an equi-convex lens when fi=^l 516 

8/ = -1-618^' (xi) 

To find the radius of either an equi-convex or equi-concave lens, 
generally, the ref. index and the focus B/ being given : 

r = 2(/Lt-l)/ (ix) 

To find the radius of an equi-convex lens, the ref. index, the thickness, 
and the focus B / being given : 

.= (^ri)J¥/+i) (.) 

IfX 

Bi -convex and bi-concave, generally : 

E/= ^ . - (Ml) 

fj.— l s ~r 

Correction for thickness : 

(xih. 

fir- 

Bi-concave t may be neglected B/=E/ practically. 

Bi-con vex more accurately, and converging and diverging menisci : 

B/= L. 1 ' (Xiv> 

(f* - i)i (^-1) H 

I flj 

When the light is travelling from right to left 

A/ L a. U- (xiv> 

I fi, J 

Spherical aberration : 

Example : Let r = 2, s = - 3, f = 1, and ft = ; then by (xiv) 


* Heath’s Geometrtcal Optics, lb 87 . 
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B/ = 


Bj'l 

K2 Is ^ 


.2-2^ 


2 ^ 

V2 

3 J 


a-‘). 


li 

f 1 

2+3-i , 
< 2 

1) 


t 2-1 





- 3x - 


3 


Similarly 
By (xii) and (xiii) 




1 
2 

A/ - -2, 
1 


14 

3 3 

2 
7* 

1 144 

4"" 25 


7-^- 


3 A 

- x" 4 


12^^- 9 ^ 

' 5 25 " 25 


This is larp^er by inch than the result obtained by (xiv). 
4’lu' following is an example worthy of note. Suppose 


Thus let 


r — ft<t and — 1)— • 

»• = 5 s ^ 5, « = 1 , = |. 


(xiv) 


(xivi 


5(1 -il) -15? 

Then by (xiv) B/ = -f- = -310- 

2(2” 8/ 12 

It will be observed that, although this meniscus is thickest in the 
middle, it has, however, a large negative focus. 

The principal points of a sphere are at its centre. 

The focus of a sphere, measured from the centre : 

E / = (xvi) 

2 (^- 1 ) 

The focus of a sphere measured from its surface : 

<"'> 

The focus of a hemisphere measured from the plane surface, the light 

being incident on the convex surface : 

B/== (Vi) 

/i (fl — 1) 

But when the light is incident on the plane surface, the lens being 
turned round ; 



(iv) 


When fjL = 1-5 the focus of a sphere measured from the surface = J the 
radius. 

The focus of a hemisphere measured from the plane side = the 
radius, and when measured from the convex side the focus ^ 2 radii. 

In a cylindrical lens the principal points cross over. 

To find the radii r and s of a crossed lens of minimum aberration for 
parallel rays ; 
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20 .-1) (M + 2) . 


8/= 


(XV) 


.... (xvii) 

For boro-silicate glass /x-- 1’51 ; ?•= *0898/; and s - - d-7()9 / ; (xvii) 

- 1-042 t. 

/ 

For flint glass /x = 1*02 ; ?• = *653/; and s = — 12*06/ ; (xvii) 

V=-- 7<J8^ (XV) 

Critical angle. — Let 6 be the critical angle for a ray passing out of a 
denser medium into a rarer one. 


Then 


1 


sin ^ (xviii) 

/i 

When /. = 1-338, 6 = 48° 3C3' ; ^ = 41° 48) ; = 1-52 = 41° 8^' ; 

^ = 1-62, 6 = 38° 7'. 

Let /be the principal focus, and ^.4 - the distance from the object to 
the optical centre of the lens, = the distance from the optical centre of 
the lens to the conjujjate image. 

Then 1’=" -y/; f=-^-, (six) 

v-.f P -f v*r> 

Let V be the distance from the object to /, and be the distance from 
f on the other side of the lens to the conjugate imago. 

Then 


fi 

/; 10 = 1 /- f\ p' = iv+f; and vw=f‘^; v=''- 

w 

,=r _ _ . _ _ 


V 


(XX) 


If 0 be the size of the object and i the size of its conjugate image 


^ / 

iv 


P v-f f 
if ^^P ^ if -_i(.P -/) ■ 

W p' p'-f f ’ 
<>2>' ^fii + o) . ,,^._ip_f(i+o) , 

— > yj — - 


o f 
V ~ •f : 


if r 

w=^-;f= 

O ^ + O ^ -i- 0 


O O 

ij) _ op' 


(xxi) 


Examples : AVith an objective of .J-inch focus it is recpiired to project 
an image of a diatom *03 long, so that it may be 1*5 inch on the screen, 
what must be the distance of the screen from the optical centre of the lens ? 

nr ^ = ' 5 ( 1*0 ' 03 ) ^ - 

^ ' o' *03 

Therefore = 25 i inches, the distance required (xxi) 

2 

Conversely, if the image of a diatom projected by a objective 

measures 2 inches on the screen at 40j inches from the optic centre 
w hat is the size of the diatom ? 

2x ^ 

if ^ 4 _ 1 . 

'80' 

4 4 

the size of the diatom required. 

4 <’ 2 


o = — , 
V 


-f 40I-I 


-0123 


(xxi) 
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The last formula of (xxi) is very convenient for finding the focus of 
an objective ; w must, of course, be large in proportion to the focus ; 
o may be a stage micrometer. 

As the posterior focus, /, is in ordinary microscope objectives of 
1-inoh focus and upwards, near the back lens, the distance w may be 
measured from there. 

Example : The image of *01 inch on a stage micrometer projected by 
an objective is 2*4 inches on a screen, distant feet from the back lens ; 
required the focus of the objective. 


o *01 X 60 

^ T 2^ 


;6 ^1 
2-4 4 


(xxi) 


To find F, the equivalent focus of two lenses in contact : 
F= f ^ 


(xxii) 


/+/ 

where / is the focus of one lens and f that of the second. 

Example ; It is required to make a combination of two plano-convex 
lenses, the focus of one lens,/, being twice /', that of the other, and whose 

q 

combined focus F = ‘6, fiwd their radii (see figs. 4, 6, 8, and 9). 

Then/ =‘2/. 

2// 

2 /+/ nf '3 ’ 


/ = ^^ = ^ 2 ^ = -9; and/ =.2/.»l-8 . . . 

r = ((j = 1) /= — 1^ 1’8 = ’9 ; similarly r' = "45 . 

The focus for three lenses follows that for two, thus : 

F- f/T 


(xxil) 

(vil) 


which may be written 


ff+ff'^rr 
i = 2 


(xxii) 


To find F, the equivalent focus of two lenses, not in contact, generally, 
F to be measured from the last principal point (E') of the second lens ; 
Let d=^the distance between the lenses : 


f*f-d 


. (xxiii) 


More accurately, let D E be the principal points of the first lens and 
D^E' those of the second, AB and A' B' being the respective vortices, 
d - the distance from E to D' ; then G and G', the principal points of 
tlie combination, are : 


and 


F= ff 
f^f-d • 


(xxiv) 

(xxv) 

(xxvi) 


F is measured from one of the principal points of the combination. An 
example will be of interest. Let parallel rays fall on the convex face of 
the field lens of a Huyghenian eyepiece ; find their focus. 

Let /, the focus of the field lens = 3, and that of the eye lens /' = 1 ; 



USEFUL TO THE MICROSCOPIST 


1125 


(j = -, and the distance between the surfaces, that is B A', = 1-8 ; t the 

2i 

3 3 

thickness of the field lens = ; and t' that of the eye lens = ; A D = 0 

10 20 

(ii) ; B E = - 1 = --2 (ii). Similarly A' D'=0; B' E' = = - ^ (ii) ; 

P f* 10 

d = EB + BA'-.-2 + l-8 = 2. Now 



F = ^ ^ (xxvi) 

3+1-22 ‘ ‘ ^ ^ 

We see, therefore, that the equivalent focus is 1{, inch, but the 
principal point G', from which the focus is measured, is 1 inch to the left 
from E' ; therefore the focal point is J inch to the right from E'. Now as 
E' 18 inch to the left of B, the plane surface of the eye lens, it follows 
that F, the focal point, is ^ inch to the right of the plane surface of the 
eye lens. If this problem is worked by the simpler formula (xxiii), the 
answer will be *44 from the plane surface of the eye lens ; this is only an 
error of *04 in excess. 

This explains ‘ the microscope objective of 10-ft. focus.’ 

The equivalent focus of the objective was 10 ft., but the principal point 
G' from which that focus was measured was 9 ft. 11^ inches from the 
objective, which would give ^ inch as the working distance of the lens. 
The objective in question has a double convex back lens and a plano- 
concave front ; a small decrease in the distance between the lenses, such 
as a inch, has the effect of causing the principal point G' to recede 
many feet, and of causing a great increase m the equivalent focus. 

With regard to the tube length, which is equal to d in (xxvi), the 
position of the principal points of a combination plays an important part. 
Suppose the Huyghenian eyepiece, in the preceding example, were 
mounted as an objective ; the tube length would have to be measured 
from the first principal point of the eyepiece, wherever that might be, to the 
second principal point of the objective, which in the example before us is 


G = D+ =D + 3 (xxiv) 

G is therefore measured 3 inches to the right from the point D ; D is, 
as we have seen, coincident with A, the convex vertex of the field lens. 
So anyone measuring the tube length from the field lens, which is the 
posterior lens of our supposed objective, or from the middle of the 
combination, would be 1^ or 3 inches in error. The correct point fi:om 
which the measurement should be made lies one inch in front of the eye 
lens, which is the front lens of our supposed objective. 

The importance of this cannot be over-estimated, as the optical tube 
length has a direct bearing on the power. If Q = the distance of vision 
(say 10 inches), M = the magnifying power, F = the equivalent focus of the 
eyepiece, F' = the equivalent focus of the objective, O = Prof. Abba’s 
‘ Optical Tube length,* viz. the denominator in the fraction in formula 
(xxvi) ; then 

M = ^ (xxvii) 

Jb li 


If </) = the focal length of the entire microscope, N.A. = the numerical 
aperture, and e = the diameter of the eye-spot, then 


<#> = 


Q_FF^ 
M O 


(xxviii) ‘ 


^ Journal Ii.M.8* 
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f = 2 (N.A.) 0 ; N.A. = 


2<t> 


(xxix) ' 


If X = the number of waves per inch of light of a given colour, L the 
limit of resolving power of any objective with an illuminating beam of 
maximum obliquity is 

L = 2 X (N.A.) (xxx) 

But with a solid •{ axial cone and white light the resolving limit is 
equal to the N.A. multiplied by 70,000. When Gifford’s screen is used, or 
photography employed, the limit is raised to the N.A. multiplied by 80,000. 

The aberration for non-parallel rays . — It is a little more troublesome 
to find the aberration of rays other than parallel, but if the following 
instructions are carefully attended to the problem merely becomes the 
simplification of a vulgar fraction. Let P and P' be the distances of the 
point and its image from the lens. First find a, by either (xxxi) or 
(xxxii) : 

« = (xxxi); a = . . 

Next find x by (xxxiii) or (xxxiv) : • 

. . (xxxiii); . = 

r s 

Then find o) by (xxxv) : 

1 


. (xxxii) 
(xxxiv) 


Mm -1)/' 


/ + 4(^ -)- \)a X+ (8/>i + 2) (/x - 1) a^ + "I (xxxv) 

L/x-1 II -IJ 

(xxxvi) 


t 


+ +a.r 


w/X-i II 

1 ^1 
P' / 

The aberration 5 P' = — o P' ^ . . . (xxxvii) 

To find the aberration of two lenses in contact. Let Q and Q' be the 
object and its conjugate at the second lens,/' be the focus of the second 
lens, and F the focus of the combination ; then P' = — Q. 

P' / P‘ ■ ■ ■ Q' /'“"q 

111 


for the first lens, p, - ^ ~ p + w 2/’ • • 

for the second lens, ^ ^ ^ + w' y- . 

for both lenses, i ^ p + (« + 

Therefore, for n lenses, = 


. (xix) 
(xxxvi) 
. (xxxvi) 
(xxxviii) 

(xxxviii) 

(xxxix) 


The aberration 5 Q' = — 2 « Q'y and S F - — 2 o> Fy 

Example : Two plano-convex lenses of equal foci have their convex 
surfaces in contact (fig. 7) ; find the aberration for parallel rays. Then 




/ 

2 


(xxii) 


For the first lensr^oo ; therefore x~ —1 (xxxiii) ; P = oo ; therefore 
9 


— 1 (xxxi) ; and w 


2/“ 


. (xxxv) 


For the second lens s - oo ; therefore « = 1 (xxxiv) ; J. = ; there- 

^ f 


1 Journal B.M.S. 
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» 8 (xxxi) ; o)' 


^ ’ 6/3 

90 

/■a 2 F (xxii) : therefore 2 to - — — - ; 

J \ 24F3’ 

20Fy_ 5 2/" 

“ 24F^“ “6- P 

This is half the aberration of an equi-convex lens (fig. 1) of the same 
focal length as the combination where 



If the front lens of the combination be turned round so that its convex 
surface faces the incident light the aberration is 

(xxxix) 

or half what it was before (fig. 6). 

This is nearly a third of the aberration of a plano-convex in the best 
position (fig. 2), which is 

(viii) 

The following figures pictorially illustrate spherical aberration in 
single lenses and in various combinations of two plano-convex lenses, all 
having the same focus F, the same aperture, and the same refractive 
index |. The dot nearer the lens is the focal point for the marginal, and 
that farther away the focal point for the central rays; the distance 
between the dots is the spherical aberration 5 F. 


(xxxv) ; 


therefore 2 to ^ 


8F- 


(xxxix) 


(xxxix) 


Fig. 1. An equi-convex, r = F ; 

SF= -1-6C= -'ITS (xi) 

F 

F 

Fig. 2. A plano-convex, = 

-1-16^-= --121 (viii) 

F 

7 7 

Fig. 3. A crossed convex, r = _-F; s= (xvii) 

aF= -1*07^' - -Til (xv) 

Fig. 7. A combination of two pianos with their convex faces in con- 
tact, The focus / of the first lens being equal to /, that of the second. 

The focus of the combination F = ^ (xxii) 

6F= - *833^ = -*087 (xxxix) 

F 

Fig. 4. The same, only 2/=/ ; 

dF- -1-611^- --168 (xxxix) 
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Fig. 6. The same, only/=2/'; 

8F= — "052 (xxxix) 

Jb 

Fig. 5. The first lens inverted, f=f ' ; 

8F= --4161*= --043 (xxxix) 

Fig. 8. The same, only 2/=/' ; 

dF= --6231^= --065 (xxxix) 

Fig. 9. The same, only/ =2/'; 

SF -3761’ -039 (xxxix) 


M 


I 1 


Fig. 4. 


I 


Fig. 7. 



Fig. 8. Fig. 9, 


We see, therefore, that with the same focal length F the aberration of 
fig. 1 is the greatest, and that of fig. 9 the least. We also see in the com- 
binations that by decreasing up to a certain point the focus of the first 
lens the aberration is increased, and vice versa. The best form of a 
combination of plate glass, ^ = 1*516, for parallel rays similar in arrange- 
5 / 

ment to fig. 9 is when /= 

o 


The Aplanatic Meniscus . — A spherical refracting surface has two 
aplanatic foci, such that if converging rays, which have their focus at P', 
meet a convex spherical refracting surface, whose centre of curvature 
is r, and if the distance between the points P' and r* = p, r, then those 
rays will be refracted aplanatically to some other point, say P, which will 
lie on the same side of the surface as P'. This fact is of great service, 
because it enables an aplanatic meniscus to be constructed ; thus, if we 
make r the radius of the curve A, we can make «, the radius of the curve 
B, a radius from the point P. If, then, P is a radiant, the light travelling 
from left to right will pass through the curve B without refi:action, because 
P is the centre of the curve B. The light will then pass on unchanged 
to the curve A, and will by it be refracted aplanatically, as if it had come 
Irom P'. P will be negative and P' positive. 

The formulae for finding r and P' when P is given are : 




P'= ~/xP 


and those for finding r and P when P' is given are ; 


(xl) 


P' 



p 


. . (xli) 



USEFUL TO THE MICKOSCOPIST 


1129 


An excellent combination, suitable for a bull’s-eye, can be made of 
boro-silicate glass, refractive index 1*51, i/ = 64*0 

1st lens’ crossed r= + 2*359)^. _ . ^ 

s= + 15-078 

2nd lens' meniscus r= + 1;280 j 

Distance between lenses, *05 ; equivalent focus, 2*0 ; back focus, 1*55 ; 
total aberration, - *108 ; clear aperture, 2*0 ; angle, 62®. 

This combination is eminently suitable for photo-micrography, and for 
those cases where a bull’s-eye is necessary. 

A simpler form of bull’s-eye can be made of two pianos, using the 
same glass ; see fig. 9, p. 1128. 

1st lens, radius + 3*0, diameter 2T 
2nd „ „ -i-1-8 „ 1*9 

Distance between lenses, *05 ; equivalent focus, 2J. 

To find the radii r and s of a lens which will refract light from a point 
jj to point p' with minimum aberration. 


/= iliL • 


p = 


p-f 


2(m + 2)j) 


fji (2/^ + 1) K -4 ifx + l) 


(xix) ; K 
(xliii) ; s 


^ ^ r 

p-rK 


. (xlii) 
. (xliv) 


Let /3 be the coefi&cient of ^ in formulae v, viii, xi, and xv, then for 


parallel rays in each particular case the lateral aberration ^ . 


4/^ 


• (xiv) 
(xlvi) 
(xlvii) 


1 

Diameter of least circle of aberration ^ * 

Distance of least circle of aberration from focus = 

When the rays are not parallel 
(x1v) = q)^' 2^^ (xlvi) = (xlvii) = 

It is interesting to note ~2 — (xlviii) 


Therefore, when fi - 


^ // ' = / 

2’ / • 

To find m, the magnifying power of simple lenses or magnifying 
glasses. Let d be the least distance of distinct vision apart from the lens, 
and / be the principal or solar focus of the lens. Then, when the eye is 
held close to the lens, 

m = 1 + ^ (xlix) 

When the eye is held at the back principal focus of the lens, subtract 
one from this quantity. For real images projected upon a screen, the 
distance of the screen being d, subtract two. 

It may be of interest to note that formula (xix) on this page may be used 
to determine the focus of spectacles required to bring the abnormal focus 

1 In this formula the convention used with regard to the signs is that of manu- 
facturing opticians, and not that employed in the rest of the appendix. 



1 130 


APPENDICES AND TABLES 


of either a presbyopic or myopic person to a normal focus. Make jp the 
abnormal, and jp' the normal focus ; then /will be the focus of the spectacles 
required. 

In both cases ^ is a negative quantity, because it is on the same side 
of the lens as p ' ; it is usual to make p' 10 or 12 inches. 


Achromatism 

Let /i be the refractive index of a mean ray (D line nearly) for a 
certain material, that for a blue ray, and fir that for a red ray ; the dis- 
persive power of the material is ; this is usually written , or w. 

The formula for achromatism is 


Ail 1 + 


JLt ^ = 0 - 


that is. 


/V 


-0 


a> 


The foci of the two lenses are therefore directly as their dispersive 
powers, and the focus of one will be negative. 

An achromatic effect, which is not achromatism in the strict mean- 
ing of the term, can be obtained with two lenses of the same kind of glass 
by making d the distance between the lenses : 

d=^jz±4:) ui) 

2i>-/ 

Ifjp is large, / in the denominator may be neglected ; this will make 
d half the sum of the foci, which is the formula for both the Huyghenian 
and Eamsden eyepieces ; but when p- d is the sum of the foci. 


Formulce relating to Spherical Mirrors 


Let 2 ? = one focus, 2 / = its conjugate, / = principal focus, and r 
= radius of curvature ; then in concave mirrors 


p r 


2p- 


JP/ . 
P-f 


PP' . 

p-^p'"'^ 2’ 


r-g/; P -P- f 
P*P'’ ’ P’ f 


(six). 


To find^ interchange ® and^'. 

If o is the size of an object, and i the size of its image, and v the dis- 
tance of the image from the principal focal point, then 


op 


.^f 


(xxi) 


In convex mirrors prefix a negative sign, thus: r= -2/, and so on 
with the other formulae. 

The formulae for mirrors may be derived from those of lenses by sub- 
stituting — 1 for fi\ thusr« — 2/(vii). 

Let y = the semi-aperture ; then the spherical aberration 



A mirror to be aplanatic for parallel rays must have a parabolic curve. 

A mirror to reflect rays diverging from a point p^ so that they may 
converge aplanatically to another point jp', must be elliptical, having p 
and p' for its foci. 
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FormulcB relating to Prisms 

Lot t the refracting angle of the prism, the angle of incidence on 
the first surface, the angle of refraction at the first surface, yj/ the angle 
of incidence in the prism at the second surface, and the angle of re- 
fraction on emergence ; then the total deviation 

D = (/) + yl/' -i; = t (lii> 

When the ray passes through the prism symmetrically the deviation 
is at a minimum : </> = 'vp' ',<#)' = 'I' = L and 

fa 


by whicli formula the refractive indices of media can be found, because 
both I and D are capable of accurate measurement. 


Formulce relating to Conic Sections 
Ellipse. — Let A = major axis; a- = minor axis. Then 

Focus = .... 

£4 


Parabola. — Let A = height \ ^ base. Then 


Hyperbola.— Let A = major axis ; a = minor axis. Then 
Focus — 

fa 


Works consulted:— Coddington,Camb. 1830; Parkinson, Camb.; ‘Ency- 
clopaedia Britannica’ ; ‘ Journal R.M.S.* ; Heath, Camb. 1887, &c. It will be 
seen that several of the formulae have been entirely reset, while some 
appear now for the first time. 
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APPENDIX F 


EXAMPLES USEFUL TO THE MICB0SC0PI8T 


Square ^ inch . . . = 10‘08061 square millimetres. 

» A . . . = 6*45169 „ 

,, A » . . . = 4*48027 ,, „ 

»> riTT >» . . . = *06452 ,, „ 

= 64515*9 „ fjL 

>5 jj . . . = 645*159 ,, ,, 

Square centimetre ^ 15*50006 square inch. 

millimetre =15*50006 „ „ 


100/. =15*50006 „ tAh » 

10 fx = *15500 „ „ „ 

M = *00155 ,, „ „ 


Multiples of the above may be found by multiplying the values given 
by the square of the multiplier. 

Thus, square inch = tV x 4 ; the square of4 = 4x4 = 16, and 6*45159 
X 16 = 103*2254 square millimetres, the answer required. 


Cubic ^ inch . . . . = 32*00589 cubic millimetres. 

„ A „ . . . . = 16*38702 „ 

» A „ .... - 9*48323 „ 

It .... = *01639 „ ,, 

It To^iy If ....== 16387*02 „ /. 

Cubic centimetre - 61*0239 cubic ^ inch. 

„ millimetre = 61*0239 „ 

ff 100 /X = 61*0239 ,, xtjVtt >i 

„ 10 /X - *061023 „ „ „ 

„ /X = *000061023 „ „ „ 


Multiples of the above may be found by multiplying the values given 
by the cube of the multiplier. 

Thus, 2 cubic millimetres : 2 cubed = 2x2x2 = 8, and 61*0239 x 8 
= 488*1912 cubic yj^r inch, the answer required. 



Areas of Circles 



i inch diameter = 1*22718 

sq. y*jy inch = 

7*91726 

sq. millimetres 

At if 

„ = *78539816 

if 5 > ~ 

6*06706 

if >> 

A tf 

„ = *545415 

if fi ff ~ 

3*51879 

if n 

»» 

„ = *78540 

if if ~ 

*05067 

ii a 



= 

60670*6 

it P 

if 

„ = *78540 

»>TTjVxr fi ~ 

506*7 



1 millimetre diam. = *78539816 sq. mm. = 12*17372 sq. inch. 

100 /X ... . 7854*0 „ ,x = 12*17372 „ y^^ „ 

10 /i « 78*54 „ „ = *12174 „ „ „ 

fi « -7854 „ „ = *0012174 „ „ 
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Multiples of any of the above may be obtained in the same manner as 
in the preceding example. 

Thus, if the diameter of the circle = inch, then the square of 3 being 

9 and *7854 x 9 = 7*0686 sq. inch and *05067 x 9 = *45603 sq. millimetre, 
is the area required. 

Volumes of Spheres 

^ in. diameter . = 1*02266 cubic ^ inch= 16*75835 cubic millimetres. 
iV „ M • = *52360 „ „ = 8*58024 „ 

= *30301 „ „ = 4*96543 „ 

ihTj „ „ . = *52360 „ - = *00858 „ 

175^17 >> »» • = *52360 ,, xijVt) ’’ =8580*24 ,, ft 

1 mm. diain. . . . = *52360 cubic mm. = 31*952 cubic xiiy inch. 

100 ft „ ... =523600*0 „ ft =31*952 „ „ 

10 ft „ . . . = 523*60 „ „ = *03195,, „ „ 

„ . . . = *52360 „ „ = *00003195 „ 

Multiples of any of the above follow the preceding example of cubic 
measures. Thus, if the diameter of the sphere = 30 ft, then the cube of 3 
being 27 and 523*6 x 27 = 14137*2 cubic ft and *03195 x 27 = *86265 cubic xtAjtj 
inch, is the volume required. 
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APPENDIX G 

USEFUL NUMBERS AND FORMULA 

Paris line = -088818788 inch. 

Cubic foot of water weighs 62*2786 lb. avoirdupois at 62° Fahr. 

Cubic inch of water weighs 252*286 grs. at 62° Fahr. 

Gallon of water weighs 10 lb. avoirdupois at 62° Fahr. 

1 gallon = 277*27884 cubic inches. 

Cubic foot of sea water weighs 63*96 lb. 

Weight of sea water = 1*027 weight of fresh water. 

1 inch of rainfall = 100 tons per acre. 

Pressure of water in lb. per sq. inch = *483 head of water. 

Expansion of water between 32° Fahr. and 212° Fahr. = -04775. 

Dip of horizon (including refraction) in nautical miles = 1*16 Vheight. 

Marks on hand lead-line for sea soundings 1, 2, and 3 fathoms, 1, 2, 
and 3 tags of leather respectively ; 5 and 15 fathoms white rag ; 7 and 
17 fathoms red rag ; 10 fatiioms leather with hole in it ; 13 fathoms blue 
rag ; 20 fathoms 2 knots : 30 fathoms 3 knots, &c. A small knot is placed 
at intermediate 5 fathoms after 20 fathoms — viz. at 25, 85, 45, &c. 

Pressure of wind in lb. per sq. foot = 0-002288 (velocity in feet per 
second)*^. 


Areas and Volumes 

Area of triangle = base x ^ perpendicular. 

Volume of wedge = area of base x ^ perpendicular height. 

Volume of cone or pyramid = area of base x ^ perpendicular height. 
Surface of side of cone = circumference of base x J length of side. 
Area of parabola = base x ^ height. 

Velocity of light = 186,377 statute miles per second.^ 

Wave-length of yellow lights- ^ inch. 

Number of vibrations per second 508,961,293,000,000. 


Falling Bodies 

S, space fallen in feet ; V, velocity in feet per second ; g = 32-2 ; time 
in seconds. 

S ■= ; V = -/2>. .v/S = 8-025 v/S. 

2 


Arithmetical Progression 

A, first term ; B, last term ; S, sum ; d^ difference between terms ; n, 
number of terms. 


^ Latest determination by Prof. Newcomb, of Washington. 
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A = B-d(w-l). 15-A + d(«-l). S-={A + B)?. 

2 


Geometrical Frof/rcstiimi 
m, multiplier or divisor. 

A = f . B = A (M <"-1). S = ® 

m-1 


Properties of Circles and Spheres dc. 


77 = 3-141592653589793 + 


tt" = 9-8696 
-,, = •10132 


Vn-’ = 1-77245 


1 

- = -56419 


5 = -5286 -x/2 = 1-4)421 

6 


log 7r = 0-4971498727 
^ = -31831 

77 

- - -785398 
4 

x/2g - 8-02496 


Circumference, (-. .Vrea, A. Kadins, r. Diameter, d. Yolume, V. 
Surface, S. 

C = 27rr«7r<?. A = 7rr^. S^tt^C. V = ^^. d~^ . 

6 77 


Area of sector of circle = ai-c_=iwea of .circle 

360 

Length of arc - number of degrees x -017453 r. 

Unit of circular measure = 57*^*29578. 

Side of square of equal area to a circle ^ r a/tt. 

Side of inscribed square -- r \/2. 

Area of ellipse = h major axis x h minor axis x 77, 

Volume of spheroid = polar axis x (equatorial axis)- x 

6 


Number of ThreaAs pter inch in Whitworth' s Standard Screws 


Sizes A . 

. No. of threads 

150 

Sizes 

1 

4 


No. of tlireads 20 

1 

1 (T • 

• 55 

80 


1 <» • 



.i 

?? 3 2* 

• 55 

60 


j 

s 


„ 16 

” * 

• 55 

40 

)» 

i\ • 
i. 


„ 14 

3 2 • 

• 55 

32 i 



„ 1‘2 

• 

• 55 

24 


h » 


11 


Convenient Approxi mat ions for rajrid Calculations 


6 knots 7 miles, more correctly 13 knots = 15 miles. 

8 kilometres =5 ,, „ „ 50 kilometres = 31 „ 

1 metre -- 3 ft. 3^ in. „ „ 32 metres - 35 yards. 

5 centimetres ~ 2 inches „ „ 33 centimetres ~ 13 inches. 

3 millimetres - inch „ „ 5 millimetres = J inch. 

1 pole = 5 metres ; 1 furlong = 2 hectometres. 

•V = -JifoTT inch ; ^ inch = i mm. ; xxnftnjTT nich - \ /i. 

2 are - 239 sq. yds ; 1 rood =- 10 are ; 2 acres - 81 are ; 100 hectare 
- 247 acres ; 3 cubic yards - 23 decisteres ; 1 decastere = 13 cubic yards ; 
2 decilitres = 7/3 (ounces) ; 4 litres == 7 pints ; 2 grammes 31 grains ; 
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4 grammes = 15 (drachm) (apothecaries’) ; 7 grammes = 4 dr. (drachms) 
(avoirdupois). 

5 kilogrammes = 11 lb. (avoirdupois). 

50 kilogrammes 1 cwt. 


NoherVs 19 Band Test Plate 


Band 

Lines per inch 

Band 

Lines per inch 

1 

11259*5 

15 

90076*1 

5 

38778*5 

19 

112595*1 

10 

61927*3 




Difference between each band = 5629*75. 


NoherVs last 20 Band Test Plate 


Band 

Lines per inch 

Band 

Lines per inch 

1 

11259*5 

15 

168892*7 

5 

56297*6 

20 

225190*3 

10 

112595*1 




Difference between each band = 11259'5. 


Convenient Formula for Lantern Projection or Enlargement and 
Beduction. 


Let D be the distance of the screen, and d the distance of the object 
from the optical centre of the lens, F the equivalent focus of the lens, M 
the magnifying power or ‘ number of times ’ for enlargement or reduction, 
then — 




D 

M + 1' 


M 


.D-F. 
■ F * 


Example : It is required to project by a lens of 6 inches equivalent 
focus a slide having a B-inch mask so that it may give a 10-ft. disc, what 
must be the distance of the screen ? Here M the magnification will be 
40 times. D = F (M + 1) = 6 (40 + 1) = 246 inches = 20^ feet. 

Note, in a double combination the optical centre may be assumed to 
be half way between the lenses. To reduce, interchange the object and the 
screen. 


Boyal Microscopical Society's Canges 


Substage 
Eyepieces, No. 1 


1*527 inch = 38*786 mm. 
*9173 „ =23*300 „ 

1*04 „ ^26*416 „ 

1*27 „ =32*258 „ 

1*41 „ =35*814 „ 


For the screw of the objective and nose-piece the Society supply, at 
cost price, a sizing die and plug, also screw chasers. They do not, how- 
ever, supply standard screw gauges. Full particulars regarding the 
screw will be found in the ‘ R.M.S. Journal,’ 1896, p. 389. 
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Acldi/dj zoilspores of, 564; oospores of, 
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— prolffera, 563 and note, 563 
Achnanthece, characters of, 615 
Achnantlies, frustules of, 588, 615; stipe 

of, 588, 615 ; ‘ stauros ’ of, 616 ; struc- 
ture of frustule, 615 
Achnanthes lomjipes, 615 
Acliromat.c, comparison of, with chro- 
matic and apochromatic lenses, 368 

— condenser, Abbe’s, 260, 308-312, 314 ; 
Powell and Ticaland’s, 301, 311 ; for ob- 
servation of pycnogonids, 959 

— doublet, Fraunhofer’s, 148 ; meniscus, 
376 

— lenses, Charles’s, 148 ; Marzoli’s, 358 ; 
Selhgue’s, 354 

— objectives, 19, 32 ; Tully’s, 354 ; Wen- 
ham’s, 361, 362 ; cover slips for use 
with, 439 

— oil condenser, Powell and Lealand’s, 
310, 811 

Achromatism, 17, 19, 150 ; in photo- 
micrograxihy, 84 ; rise of, 147 ; in- 
augurated, 365 ; imperfect, causing 
yellowness, 417 
Acineta, 783 

‘ Acmetiform young ’ of Ciliata, 782 note 
Acinetina, 783; food of, 788 
‘Acorn’ monad, 769 
‘ Acorn-shells,’ 967 

AcHnia, reproduction from fragments, 
863 

- — Candida, thread-cells of, 879 

— crassicorjiis, thread-cells of, 879 
Artinocijclus, 588, 610, 620 
AcHnomma inerme, 850, 851 
Actinophrys, 816 

— form of Mierogronxia, 736 

— sol, 737-742 
Actinoptychus, 588, 610, 611 

4 D 



INDEX 


1138 


ACT 

Actinosphcerium Eicliornii^ 741 
Actinotrochay 950 
Actinozoa, 863, 877-883 
Actius, on myopy, 118 
Actuorius, on myopy, 118 
Adams’ variable microscope, 142; non- 
achromatic microscope, 148 
* Adder’s tongue ’ fern, 679 ; sporanges of, 
675 

Adipose substance, 1045 
Adjusting objectives, Ross’s, 357, 360 
Adjustment, coarse, 159-162 ; Swift’s 
diagonal rack, 161 ; Nelson’s stepped 
rack, 161 ; Wale’s, 224-226 

— fine, 162-175 

Ross’s, 153, 155, 175 ; to Pritchard s 

microscope, 153 ; Watson’s long 
lever, 162, 172, 175; ‘Continental’ 
type, 162 ; Swift’s vertical side 
lever, 162, 173, 174; Campbell’s 
differential screw, 164, 165, 175, 
236; Zeiss’s, 166, 175; Reichert’s 
new lever, 171, 175 ; Powell’s, 174 ; 
short side lever, 174 ; speeds of, 
175 ; to the sub-stage, Nelson’s, 
185 ; for Powell and Lealaiid’s sub- 
stage, 186 

— screw collar, 860 

-®cidi 08 pore generation of Piiccmiay 
637 

JEcAdiiim berberidis, relation to Piic- 
cinitty 637 

— tiissilaginiSy 638 

JEthalium septiciimy plasmode of, 634 
Agaric uSy 647 

— campestriH, 648 
Agate, 1095 

AgavCy leaf of, 686 ; raphides of, 696 
Agrioriy 987 

— pulchellumy wing of, as test for defi- 
nition, 426 

— puelUiy jjupa of, 994 ; wing of, 994 
Air-angle, 50, 78 

Air-bubbles, microscopic appearance of, 
429, 430 

Air-chamber of leaves, 716 
Alts of Surirella, 606 
^ Alar prolongations ’ in Fiisulina, 826 ; 
in Nummulites, 827, 831; of Galca- 
rinay 830 
Albite, 1080 

Albuminous substances, tests for, 516, 
517 

Alburnum, 704, 708 

Alcohol, as solvent for resins, &c., 517; 

as hardening agent, 484 
Alcyonariay 877, 879; spines of, imi- 
tated, 1101 

Alcyonian, resembled by polyzoan, 908 
Alcyofddiurriy 908 ; polyzoary of, 909 

— gelatinosuniy calcareous spicules in, 
908 Twte 

Alcyonimn digitaturriy 879 ; spicules of, 
880 

Alder, on branchial sac of Corelloy 912 
note 

Alexander, on myopy and presbyopy, 118 


ANA 

Alg^k, preparation of, 514 ; included 
under general term of ‘ thallophytes,’ 
640 ; symbiotic in radiolarians, 848 

— lime secreting, 1084 

Algal constituents of lichens, 650 
Alkaloids, micro-chemical examination of, 
1103 

Allman’s experiments on luminosity of 
Noctihicay 769 

Allman, on Polyzoa, 909 ; on the'‘ Haus ’ 
of Appendicularitty 918; on Myno- 
thehiy 863 7iote 
AloOy raphides of, 696 
Alternation of generations in Batracho- 
sperinuniy 575 ; in Fimgi, 034 ; in ferns, 
680; in Medasce, 877 
Althcea roscay pollen-grains, 721 
Alveolhiay 804 ; resembled by Loftusuiy 
818; resembled by Fusulma, 825 
AmaranthacecPy pollen-grains, 721 
Amaranthus hi/ 2 )ocho'ndriacuSyBeedii of, 
724 

Amaroiiciimi proliferum, as example of 
compound ascidian, 912 
Amici suggests oil for immersion lenses, 
29 

Amici’s invention of immersion system, 
27 ; horizontal microscope, 148 ; camera 
lucida, 279 ; objectives, 355 ; triple- 
back objectives, 361 ; water-immersion 
objectives, 862; oil-immersion objec- 
tives, 364 
AmtnodiscuSy 814 
A^nmothea pycnogonoideSy 958 
Amcebay 733, 742-747, 1018 
^Imceia-phase of MonaSy 756 
Ainceba proteuSy 742 

— radiosay experiments on, 743 
AmoebcPy cells of sponges resembling, 

855 

Amoeboid phase of TetramitiiSy 761 
Amphibians, plates in skin of, 1026 
A?n 2 )hioxuSy affinities with ascidians, 917 
note 

A^nphijdeuro with oblique 

illumination, 59, 75 ; resolution of, 85 ; 
markings measured, 274 ; markings 
on, 592 

Amphisteginay 827 ; internal cast of, 
841 

AinphitetraSy 614 

Amphiumay red blood-corpuscle of, 1036 
AniphomjXy haustellium of, 992 
Amplification, 88-90 

— linear, 26, 39 ; of images, 45 
Ampullaceous sacs of sponges, 856, 857 
Anabcenay 548 

AnachariSy 528 

— alsinastrurriy cyclosis in, 689 ; habitat, 
690 

AnagalliSy raphides of, 696; seeds of, 
724 

— arvensisy petals of, 719 
Anal plate of Antedony 903 
Aimlgesincey 1013, 1014 
Analyser, 818 
Analysing nose-piece, 294 
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Analysis, micro-chemical, 1102 ; method 
of, 1102 

A naraphidecCy 599 
Anchor-like plates of Synapta^ 895 
Andalusite, 1077 
Androspore of CEdogoniitniy 572 
Anemones, 808. See Actinozoa 
Anemophilous flowers, 722 
A?iethu)n graveolenSy seeds of, 724 
Angle, extinction, 1079 

— of incidence, 3; of refraction, 8; 
of aperture, 01 

Angles of aperture, air, balsam, oil, 
water, 83-87 

Angstrom’s law for the absorption of 
light rays, 323 
Anguilliila acetic 945 

— fluvta tills y 945 

— glutinisy 945 
AnguillulcPy 945 
Angular aperture, 395 

of dry objective, 391 ; of oil immer- 
sion, 391 

ot aperture, resolution dependent 

on, 44 

of water immersion, 391 

Angular distribution of rays, 50 ; grip, 
61 ; semi-aperture, 77 
AnguliferiCy characters of, 013 
Animal kingdom, two divisions of, 727 
Animalcule cage, 340 
Animalcules, 753. See Rotifera, hifii- 
soridy Rhizopoda, &c. 

Animals and plants, differences between, 
530 

Anisochehe of sponges, 800 
Anisonetnay 705 
Annual layers in trees, 704 
Annular cell, Weber’s, 350 

— ducts of Phanerogams, 698 

- illumination and false images, 419 

— illumination for examining perforated 
membrane of diatom, 419 

Annulata (Annelids), larvte of, collecting, 
529 ; marine, 947 ; appendages of, 949 ; 
jaws of, 949 ; development of, 949 ; 
eggs of, 950 ,’ fresh-water, 955 ; lumi- 
nosity of, 955 ; bibliography, 950 ; 
‘ liver ’ of, 1047 

Annulus of sporange of fern, 076 
Anodoriy pearls in, 923 ; glochidia of, 
933 ; for observation of ciliary motion, 
940 

Anomiay prismatic layer 111 , 924 
Anopla (Nemertines), 951 
Anoplophrya circulanSy 11^ 

Anorthite, 1080 

Antedon, food of, 771 ; pentacrinoid 
larva of, 900-902 ; pseudembryo of, 903 
Antennae of insects, 987 ; preparation of, 
988, 989 note 

Antherid of Vaucheria, 668 ; of Chai’Oy 
577, 578 ; of Fiicacecej 627, 028 ; of 
FloridecBy 631 ; of PeronosporecPy 638 ; 
of Marchantiay 666, 667 ; of mosses, 
070 ; of SphagnacecCy 673 ; of ferns, 
4)77 ; tapetal cells in, 678 


Antherozoids, 636, 640 ; of VolvoXy 555 ; 
of Vimcheridy 563 ; of Sphceropleay 
572; of (EdogoniurUy 672; of Batra- 
chospermumy 574; of Cliaray 679; of 
Phceosporecey 627; of FucaceiCy 628; 
of ferns, 678 ; of Bhizocdrpecey 681 
Anthers, 719 

Anthony (Dr.), on pseudo-trachea? of fly’s 
proboscis, 990 note 
' AnthophysUy 705 

Antirrhinum rnajiiSy seed of, 724 
Apertometer, 195, 390 ; Abbe’s, 307, 394 ; 

I Tolies’, 890 ; use of, 394 
' Aperture, in microscopic objectives, 33, 
42-50, 00 ; how obtained, 45 ; Abbe on 
‘ definition of, 45, 48 note 
j — angular, 49 notCy 53, 395 
' — numerical, theoretical maximum of, 
I 30 

— luimeiical, 49 notCy 53, 70, 890; for 
dry objective, 60 ; for oil immersion, 
50 ; for water immersion, 50 

— - numerical, of Zeiss’s apochromatic 
series of objectives, 371 

i — of objective, 390 
I - relation of, to power, 82, 83, 303 ; as- 
I certained by vertical illumination, 338 
I — table, Royston-Pigott’s, 30 

— • numerical, table of, 84-87 
Apertures, relative, 49 

I AphanizomenoUy 548 
Aplianocapsay 547 

AphuleSy wings of, 998, 999 ; agamic re- 
production m, 1006 
] Aphodins, aiitenme of, 988 
ApulcPy 987 

! Apis mellijicdy month-parts of, 990 
j Aplanatic system, 20,23 

— objective use of, 21 
' — cone, 307 

' — aperture, 309, 315 
, — foci, Lister’s discovery, 355 
I Apochromatic objectives, 19, 30, 33, 

35, 80, 258 ; advantages of, 33, 34 ; 

I objective, Zeiss’s, 305-371 ; dry, 368 ; 

I comparison of, with cliromatic and 
achromatic lenses, 368 ; liomogeneous 
' objectives, value of, in study of 
monads, 702 ; objective, use with 
various test scales, 970 

— condenser, Powell and Lealand’s, 302 

' A})ochromatism, 866, 369 

! ApocyiidceiEy laticiferous tissue of, 

095 

, Apogamy in ferns, 680 

, Apospory m ferns, 680 

Apotheces of lichens, 660, 651 
; Apiiarent creation of structure, 68 

Appendlcularkiy 911, 917; pharyngeal 
sac of, 917 ; tail of, 917 ; notochord, 918 ; 
‘ Haus ’ of, 918 

Apple, raphides in bark of, 090 
' Apposition, growth by, 533 

' — mode of growth of starch, 695 
I ApiiSy 959, 962 ; parthenogenesis of, 964 
I note 

I — cancrifornuSf carapace of, 902 

4 I) 2 
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AQIJ 

Aquarium microscopes, 266-269 ; J. W. 
Stephenson’s, 267-268 ; Rousselet’s, 
268-269 

Aquatic microscope, 147 
Arachnida, 1008 

- eggs of, 1005 ; related to Pycnogonida^ 
959 note ; reproductive organs of, 1011 

Arachnoidiscus^ 588, 612 
Araclinos'pluBra ohligacantha^ 850, 852 
Aragonite, 1095 

- in shell of Pholas, 924 

Aralia 2nipyrife7'ai parenchyme of, 687 
AmneidUf io08 
Arcella, 746 

Archegoneaof Vaucheria of Cliara^ 
577, 578; of MarchunhcijiHj^, 668; of 
mosses, 670, 671 ; of Sphcignacecr., 
673; of ferns, 677, 678; of Lyco- 
podiece, 681 ; of Bliizocarpece^ 681 
Archer, on amoebiform phase of Stepha- 
nosphcera^ 557 note ; on desmids, 579 
note\ classification of, 585; on 
Clathriihna, 742 note 
Arche rina Bottom, 730 
Arctium, stem of, 709 
Arcyria flava, sporanges of, 035 
Arenacea, 810-814 

Arenaceous character of Texfuhtrm'ue, 
823 

— For aininif era, ydiXYxwg size of particles 
in test of, 818 

— test of Foraniinifera, 810 
Aremcola , 948 

Areolae of frustule of Coscinodiscus, 591 
Areolar connective tissue, 1040, 1045 
Argas, bite of, 1012 
Argasidce, 1012 
Argonauta, 929 
Argosina, 1008 
Argulus fohaceus, 966 
Anstolochia, stem of, 709 
‘ Aristotle’s lantern ’ of echini ds, 890 
Aristotle on myopy and presbyopy, 118 
Arsenic, micro-chemical analysis of, 1103 
Artemia, 962 

— salina, movement of, 960 ; habitat of, 
963 

Arteries, 1056 
AHhrodesnius incus, 568 
Arthropoda, 957-1016 ; smallest of, 1008 ; 
eye of, 983 

— limbs of Pedalion compared with 
those of, 792 

Arthrosiiorous Bacteria, 657 
Artificial light, 417 
‘ Artificial lightning,’ 682 
Ascaris lumhricoides, 944 
Asci of Ascomycetea, 642 ; of lichens, 650 
Ascidians, diatoms in stomach of, 614, 
623 ; sohtary, 911 ; branchial sac of, 
912, 913, 915 ; circulation in, 912, 915 ; 
compound, 912 ; cloaca of , 913 ; stolons 
of, 914; bibliography of, 914 note’, 
social, 914 ; general structure of, 916 ; 
development of, 916 ; tadpole of, 917 ; 
affinities with Ampihioxus, 917 note 
Aaclejiiadece, pollinium of, 722 


Ascogone of Aacomy cedes, 643 ; of lichens,. 
651 

Ascomycetea, 642-646 ; as fungus-con- 
stituents of lichens, 651 
A^copores of Ascomycetea, 642; of 
lichens, 650 

Asellua aquaticus, ciliated parasite in 
blood of, 774 
Asilns, eye of, 987 
Aspergillus, fermentation by, 647 
Asphalte for cells, 446 

— varnish, 443 

Aspidiaca, a phase in development of 
Trichoda, 781 

Aspidium, indusium of, 675 ; sori of, 675 
Aaplanchna, in confinement, 528 
Astasia, 545 ; mouth in, 765 
Asteroidea , skeleton of, 891 ; spines of, 
891 ; larva of, 897 
Astrrolampra, 595, 610 
Aateromphalus, 610 
u^stromma, 849 
Astrophyton, spines of, 891 
Astrorinza, 811, 815 
Astrorhizida , 812 
Athecata, 868 

Athifrinm Filix-fannina, apospory in, 
680 

Atrium of Noctiluca, 766 
Auditory vesicles of Molluaca, 941 
Audouin, on ‘ muscardine,’ 645 
Augite, 1072 ; zonal structure in, 1073 
Aulacodiaeus, 612 

— Kittonii, markings on, 591 

— Bturtii, markings on, 592 
Autofission of diatoms, 594 
Auxospore, 594-601 
Avanturine, 1095 
Avicularia of Polyzoa, 910, 911 
‘ Awns ’ of Chcetoeercce, 614 
Axile body of tactile papilla, 1053 
Ax inella paradox a, 858 

Axis cylinders of nerve-tube, 1051, 1052 


B 

BacillaHacece of Kiitzing, 587 

Bacillaria varndoxa, movements of, 
602, 606 

Bacilli, form of, 653 

Bacillus, ‘ granular spheres ’ of, 660 note 

— anthracis, 656; spores live in abso- 
lute alcohol, 660 

— megaterium, 655 

— of anthrax, 1037 note 

— of tuberculosis, modes of staining, 
515, 516 

— suhtilis, 656, 657, 658 ; spores of, 660 

‘ Bacon-beetle,’ 980 

Bacon (Roger), inventor of simple micro- 
scope, 126 

Bacteria, use of large and small cones in 
examining, 421 ; photo -micrographs, 
423; as test for definition, 426; staining, 
514-516; (see Schizomycetea), 661; 
affinities to Algm, 651 ; to Flagellata,. 



INDEX 


II4I 


BAC 

BSl ; to Nostocacece, G62 ; movements 
of, 652 ; mode of multiplication, 652 ; 
forms of, 653 ; classification of, 655 ; 
nutrition of, 658 ; flagella of, 659 ; 
germinating power of, 660 ; spores of, 
660 

Bacteriastrum furcatum^ 614 
Bacteriology, 662 

Bacterium lineola^ compared with 
Cercomonas^ 651 

— liueola, 658 

— termo, flagellum of, 72, 658; move- 
ment of, 658 ; zoljgloea of, 659 ; germi- 
nation of, 660 

Bailey, on internal casts of Bo ramif li- 
fe ra, 828 note 

Bailey’s method of isolating diatoms, 
()24 

Baker, on Cuff’s microscope, 142 
Baker’s microscopes, 202, 218-221, 230, 
246, 251 ; mechanical stage, 181 ; sub- 
stage, 188, 189 ; achromatic condenser, 
8()() ; fitting for condenser, 312 

— lamp, 407 
Bala n idee y 967 

Balanus halanoides^ 967 ; disc of, 968 
Balsam angle, 50, 78 

— - refractive index of, 77 
Banksia, stomates of, 716 
Barbadoes earth, 846, 849 
Bark, 700, 702, 708 

Barker’s Gregorian telescope, 145 
Bar movement, 262 

‘ Barlow lens ’ applied to a microscope, 
149 

Barnacles, 967. See Cirripedia 
Basals of Antedou, 901 
Basidio my cedes, 647 ; as fungus consti- 
tuent of lichens, 651 
Basidiospores of Basidiomycetes, 647 ; 

of Hymenomycetes, 647 
Basids of Piiccinia, 637 ; of Basidiomij- 
cetes, 647 
Bast, 710 

Bat, parasite of, 1012; hair of, 1030; 

cartilage in ear of, 1046 
^ Bathybiusf 747 

Batracliia, red blood-corpuscles, 1035; 

lungs of, 1063 
Batrachospermece, 574 
Batrachospei'mnm moniUformc, 575 
- protoneme of, 575 
‘ Battledore scale ’ of LycaniidtE, 975 
Bausch and Lomb’s microscopes, 212-214, 
222, 239, 247, 252 ; mechanical stage, 
183, 184 ; sub-stage, 212 ; chemical 
microscope, 263; camera lucida, 285; 
objectives, 375 

Bdella, maxillary palps of, 1010 
Bdcllidce, 1013 
Bdclloida, 791 
Bead-moulds, 645 

Beale’s camera, 279, 288 ; glycerin method 
of preserving, 520 
Beale, on organic structure, 1017 
Beck’s microscopes, 228, 233 ; mechani- 
cal stage, 184 ; rotatory nose-piece, 291 ; 


BIK 

condensers, 304, 305 ; side reflector, 
333 ; vertical illuminator, 337 ; disc- 
holder, 339 ; compressor, 347 ; rings 
for locking coarse adjustment, 352 ; 
objectives, 375 ; lamp, 405-407 ; achro- 
matic binocular magnifier, 456 note ; 
disc-holder for examination of Fora- 
mimfei’a, 845 

Beck (R.), on markings of Podura scale, 
978 

Bee, hairs of, 980 ; head of, 982 ; wing of, 
994, 998 ; sting of, 1003 
Beeldsnyder’s achromatic objective, 147 
Beetles. Hee Coleoptera 
Beygiatoa, form of, 652, 653 

— alha, 653-655 
Begonia, seeds of, 724 

Behrens’ method of analysing minerals, 
1083 ; of micro-chemical analysis, 1102 
Bell (Jeffrey), on tlie spines of Cidaris, 
889 

Bell’s cements, 443, 479 
Beneden (Ed. Van), on Grcgarina gi- 
gantca, 749 note’, on movement of 
gregarines, 750 
Benzol, uses of, 517 
Bergli, on Flagellata, 764 
‘ Bergmehl,’ 622 
Bcrkeleija, 002 
Bermuda earth, 608, 611 
Beroe, collecting, 529 

— For ska In, 881, 882 

- ovatas, Elmer on, 882 note 
BiccUaria ciliata, 910 
Biconvex lens, formuhe relating to, 21 
Biddulphia, 612 

— cyclosis in, 587 ; chains of, 588, 596; 
structure of frustule, 590 note 

Btddulphiece, character of, 612 
Biflagellate monad, 759 
Bignoma, seed of, 724 
Bignomacea, winged seeds, 724 
BUocuhna, 802 

Binary subdivision of cell, 535, 536 
Binocular eye-piece, Tolies’, 101 ; Abbe’s, 
102 

Binocular magnifier. Beck’s achromatic, 
456 note 

Binocular microscope, 61, 97 
Riddell’s, 96 ; Nachet’s, 98 ; stereo- 
scopic, Wenham’s, 98 ; Stephenson’s, 
100 ; Stephenson’s erecting, 100 ; 
stereoscopic, for study of ojiaque ob- 
jects, 103 ; non-stereoscopic, 105 ; 
Powell and Lealand’s high-power, 105, 
106 ; Rousselet’s portable, 245 ; Ste- 
phenson’s for dissection, 248, 401, 456 ; 
spectrum microscope, 327 
Biology, 530 

‘ Bipinnaria,’ resemblance of Acti^io- 
trocha to, 950 
Bipinnaria asterigera, 897 
Birch, pollen-grams of, 722 
Bird, parasite of, 1012, 1014 : lacunee in 
bone of, 1022; epidermic appendages 
of, 1029 ; red blood-corpuscles of, 1084, 
1035 ; lungs of, 1064 
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Bird’s egg, concretions on shell imitated, 
1102 

‘ Bird’s head processes,’ see Avinclaria^ 
910 

Bismarck brown, 489 

Bivalves, structure of ligament in, 1010 

‘ Black dot,’ Nelson’s, 277 

‘ Bladderwrack,’ 627 

Blanchard (R.), on Sporozoa, 749 note 

BlattOy anteniifle of, 988 

— orientalis, eggs of, 1005 
Blenny, scales of, 1027 

Blood, colourless corpuscles, 1018; method 
of mounting, 1038 ; circulation of, 1054 ; 
flow of, 1055 ; micro-chemical examina- 
tion, 1103 

— of insects, circulation of, 993, 994 ; 
of Vertehrata, 1034 

Blood-corpuscle, relation of size to that 
of bone lacunae, 1022 
Blood-corpuscles of Vertehi'ata, 1034 
Blowfly’s maxillary palpus, hairs on, 
examination of, 422 

Blowfly, proboscis of, examination with 
apochromatic, 371 ; hairs on, as test 
for definition, 426 

— development of, 1007 ; ‘ imaginal discs ’ 
of, 1007 

‘ Blue mould,’ 643 
Bodo^ 545 

Body of the microscope, 157 
‘ Bog-mosses,’ 673 
Boletus^ 647 
Bojuhyxy 987 

— mori^ eggs of, 1005 

Bonannus’s microscope, 132; his hori- 
zontal microscope, 188, 134 ; his com- 
pound condensers, 298, 299 
Bone, 1020 ; structure of, 1020-1023 ; 
preparation of, 1028; matrix of, 1039 ; 
decalcification of, 512 
Bones, fossilised, 1090-1092 
‘ Bony pike,’ scale of, 1022 
Borax carmine, 490 

Bordered pits in the tracheYdes of coni- 
fers, 698, 703 

Boscovich, on chromatic dispersion, 42 
Botryllians, 914 
Botrijllus violaceuSj 915 
BotryocyshSj 545 
Boirytis hassiana, 645 
Botterill’s growing slides, 340 ; his 
zoophyte trough, 848 
Bouguet, on uniform radiation, 51 
Bowerbank, on sponge spicules, 869 7tote ; 
on structure of molluscan shells, 921, 
928 

Bowerhanklcij gizzard of, 905; stem of, 
908 ; polyzoaries of, 909 
‘ Box-mite,' 1012 
BrachinuSy antennae of, 988 
Brachimiua riibenSy 787-790, 791 ; male 
of, 790 

Brachiopoda, shells of, 919, 926-927 ; 
relation of shell to mantle, 926 ; affini- 
ties to Pohjzoay 927 
Brachyurous decapods, young of, 969 


BUT 

Brady (H. B.), on 810 ; on 

arenaceous Forammiferay 811 ; on 
affinity of Gaipenteritty 823 
Brady and Carpenter, on fossil Lifuolce,, 
817 

‘ Brake-fern,’ 675. See Aspidiinti 
Bran, 726 

Branchiee of annelids, 048, 949 
Branchiopodciy 959 ; divisions of, 961 
Brancldpnsy movement of, 960 

— stagualisy 962, 963 
Branchiitray 965 notOy 966 

Brandt (K.), on artificial division of 
ActinosphceriuiUy 741 7\ote ; on 
zodxaiithellae, 848 
Braun, on Pediastrumy 567 
Brewster, his hand magnifier, 37 ; on 
modification of stereoscope, 91 ; on 
Mens ’ from Sargon’s palace, 119 ; his 
‘ Treatise on the Microscope,’ 120 ; on 
achromatic condensers, 299, 300 
Bright-line spectro-micrometer, 825 
Brightwell, on Triceratiuniy (518 note ; 

on Chcetocerecey 614 note 
Brilliancy of image, 382 
‘ Brimstone moth,’ eggs of, 1005 
Brine shrimp, 960, 963 
‘Brittle stars,’ 891. See Oj)hi u routea 
Brooke’s nose-piece, 291 
Brownian movement, experiments, 431, 
432 

Browning’s bright-line spectro-micro- 
meter, 325 
Briicke lens, 88 

Brunswick black as a black ‘ground,’ 
444 ; for cells, 446 
BinjacecPy 673 
Bryohiuy 1013 

Bryony, cells of pollen-chambers, 720 
Bryozoa, 904. See Polyzoa 
Bryum i^itemiedinmiy peristome of, 
672 

Bubbles in cavities of crystals, 1074 
Bncxhmniy 937 

— undatum, palate of, 980, 932, 933 ; 
nidainentum of, 934 

Buchner’s exiieriment on spores of 
Bacte^'ia, 660 
Buckthorn, stem of, 703 
Bug, mounting medium for, 973 
Bugiduy polyzoary of, 909 

— aviciilaria, 910, 911 
Built-up ‘ cells,’ 449 
Bulbils of Nitella, 577 

Bulloch’s modification of Zentmayer’s 
microscope, 204 

Bull’s-eye, 300 ; use of, 829-333, 407- 
420 ; with high power, 331 ; for use in 
study of saprophytic organisms, 833 ; 
Powell and Lealand’s, 333 
Bull’s-eye stand, 248 
Bundle-sheath, 711 
Burdock, stem of, 709 
Biitschli, on mouth oi Astasia, 765; on 
Voriicellepy 773 note 

— and Engelmann, on conjugating vorti- 
cellids, 782 
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Butterflies, wing of, 994 
Butterfly. See LepidoiJtera 


C 

Cabbage-butterfly, eye of, 983 ; number 
of facets in, 983 ; eggs of, 1005 
Caherea Boryi^ vibracula of, 907 7iott; 
Cabinet for slides, 523 ; arrangement of, 
523 

Cactus, cells of pollen-chambers, 720 
Cactus send IS, raphides of, (>9G ; brittle- 
ness of, 690 

Caciimaria crocca, development of, 900 
note 

Calamites, 1084 
Calathus, antennse of, 988 
Calcarina , 825, 830 ; compared with 
Eozoon, 838 

Calcispongicc, spicules of, 859 
Calcite in shells, 924 
Calco-globuline, 1101 
CalUthnmnion, 630 

(■alosanthes indica, winged seed of, 724 
Calotte diaphragms, 297 
(Jnlycanthus, bark of, 709 
Calycine monad, 760 
Calycles of hydroids, 868 
Calypter of mosses, 671 
Calyx of Flagellata, 761 
Cambium, 710 
- ill Exogens, 697 

— layer, 708 

Cambridge rocking microtome, 469 
Camera lucida, 277 ; Soemmering’s, 278 ; 
Wollaston’s, 278; Aniici’s, 279; Nel- 
son’s, 279, 280 ; Beale’s, 279, 288 ; 
Cooke’s, 280, 281 ; Abbe’s, 281-284 ; 
Swift’s modification of Abbe’s, 284 ; 
Bausch and Lomb’s modification of 
Abbe’s, 285 ; Schroder’s, 285, 286 
Campani’s microscope, 128 ; eye-piece, 376 
Campanula, pollen-gram of, 721 
C amp annl aria, 870 

— gelatlnosa, 865 

Campanulariida, 870; zoiiphytic stage 
of, 877 

Campbell’s differential screw, 162, 164, 
165, 174, 202, 230 

Canipylodiscus, 587, 588, 595 ; move- 
ments of, 602; structure of frustule, 
606 

— clypeus, 607 

— sj)iralis, cyclosis in, 587 
Canada balsam, 443 

capped jars for, 477 ; as mounting 

medium, 480, 521 ; as a preserv- 
ative medium, 518 ; mode of pre- 
paration, 518 ; refractive index, 521 ; 
for mounting insects, 973 
Canal system of Calcarina, 825 ; of 
Polystoynella, 827; of Nunwiiilites, 
827 

Canaliculi of bone, 1019, 1021 
Cancellated structure of bone, 1020 
Cancer pagurus, skeleton of, 968 


Canna, starch-grains of, 695 
Cannocchiale, 125 
Capacity of object-glass, 382 
Capillaries, 1056, 1062 
Capillitium of Myxomycetes, 636 
Capsule, central, of Badiolaria, 847 

— of mosses, 670 ; of Purpura, 934 

— silicious, of Clathndina, 742 
Carapace of Copepoda, 960 ; of Clado- 

I ccra, 961 

i Carbon bisulphide as a solvent for oils, 
&c., 517 

Carboniferous epoch, vegetation of, 681 

— - limestone, 1090 
Carchcsiuni, collecting, 527 
Carclnus mamas, metamorphosis of, 

970 

Carnation, parenchyme of, 688 
Carnivora, arrangement of enamel in, 
1025 

Carp, scales of, 1027 
Carpenter (H. P.), on crinoids, 903 note 
Carjienter ( W. B.), on stereoscopic vision, 
90-93 ; on classification of Fora^n i ni- 
fera, 799 ; on EozoOn, 838 ; on alter- 
nation of generation in Med user, 877 ; 
on the so-called excretory pores of 
Ctcno'phora, 882 note ; on development 
of Antedon, 903 note ; on structure of 
molluscan shells, 921 
Garpenteria, 822 ; mode of growth com- 
I3ared with Eozoon, 838 
-- rha/plddodendron, 823 
Carpogone of Floridew, 632 ; of Asconiy- 
cetes, 643 

Carpospores of Floridece, 632 
Carrot, seeds of, 724 

Carter (H. J.), on affinity of Caipenteruiy 
823 

Cartilage, 1046 ; mounting, 1047 
Carum car id, seeds of, 724 
Caryophyllia; lamellin of, 878 
— Smithii, thread-cell of, 879 
Cascardla, raphides of, 696 
Cassowary, egg-shell of, 1101 
Castracane, on beaded structure of di- 
atoms, 593 ; on Pfitzer’s auxospores, 
595 ; on sporangial frustules of 
diatoms, 595 ; on reproduction of di- 
atoms, 597 ; on diatoms, 598 
Cat, Pacinian corpuscles of, 1053 
Caterpillars, ‘ pro-legs ’ of, 1002 ; feet of, 
1002 

Cathcart’s freezing microtome, 474, 475 
Catoiitric form of microscope, 145, 146 
Caiderpa, 563 

Cauterisation by focussing the sun’s rays 
(Pliny), 117 
Cedar, stem of, 705 

Cell, contents of, 533-535 ; binary sub- 
division of, 535 

Cell-division and nucleus, 1018, 1019 and 
note 

j ‘ Cell ’ of Polyzoa, 904 

Celloidin imbedding method, 503-506 

— staining and mounting, sections, 506 
Cell- sap, 534 
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^ Celia ’ for examining Infusoria^ &c., 
349 ; for dry mounting, 445 ; of cement, 
446 ; paraffin, 446 ; paper, 446 ; ring- 
cells, 446 ; of plate-glass, for zoo- 
phytes, &c., 448 ; built up, 449 ; sunk, 
449; mounting in, 482-484; of bone, 
483 ; of tin, 483 

Cells of plants, 632 ; multi-nucleated, 534 ; 

primordial, 536 ; of vertebrates, 1018 
Cell-structure, Strasburger on, 587 
Cellular cartilage, 1046 

— parenchyme, 688 
Cellulose, 633 

— tests for, 616, 517 ; envelope of des- 
mids, 680; in Dbiojiagellata^ 770; in 
zodcytium of Oplirydium^ 778 

Cell- wall, 533 ; mode of growth of, 533 ; 

apposition, 533 ; intussusception, 533 
Cell-wall of Phanerogams, 692 
Cement-cells, 446 

Cements, 442; liquid, 442; Bell’s, 443, 
479 ; japanner’s gold size, 448 ; Bruns- 
wick black, 444 ; glue and honey, 444 ; 
shellac, 444 ; Hollis’s liquid glue, 444, 
479; Venice turpentine, 444; marine 
glue, 445 ; Heller’s porcelain, 521 
Cementum of teeth, 1025, 1026 
Centipedes. See Mrjrioimda 
Central capsule of Badiolaria, 734 
Centring, 382, 389 

Centring nose-piece, 293; as sub-stage, 
230 

Centro-dorsal plate of Antedon^ 902 
Cephalolithis sy Ivina., 847 
Cephalophorous mollusca, palates of, 
930-933 

Cephalopoda, 929 

— organs of hearing in, 941 ; chrumato- 
phores of, 942 

CeramiacecBy 680 
Ceramium., 630 
Ceraiium, 771 

— furca, 771 

— trijws, 771 
Ceratodtis, 1091 

Cercomonas typ)ica^ compared with Bac- 
teria ^ 661 

Cereals, seeds of, starch in, 694 
Gerura vinula, eggs of, 1005 
Cestoid, 943 

Cetonia, antennae of, 988 
CkcetocerecB, affinities of, 614 

— - ‘ awns ’ of, 614 

— occurrence in marine animals, 614 
Chcctoceroa Wighamii^ 614 
Ghat^horacecCj 578 

* Chaffiscales,’ silex in, 715 
Chalk, microscopic constituents of, 1085, 
1087 ; resemblance to Globigerina 
ooze, 1087 ; mode of preparation for 
examination, 1088 
Chama^ prismatic layer in, 924 
Chamberlets in Foraminifera, 798, 803, 
804 ; of Parkeria^ 817 ; in Fuaulinaj 
826 ; of C^locly;peti8, 836 
ChamidcBf Foraimnifera attached to 
shells of, 846 


I Changes of form of white corpuscles, 1037 
I Chantransia and Batrachospermuniy 676 
Ohara., 576, 669 ; antherozoids of, 667 
CharacecB, 576-579 
Charles’s achromatic lenses, 148 
I Cheese-mite, 1008, 1013 

Cheilostomata, characters of, 909 ; ex- 
amples of, 910 
, Cheirocephalits, 962, 963 
, Chemical tests for biological work, 616, 
617 

I Cherry-stone, section of, 693 
, Chert, 1089 

I Ch6rubin d’Orleans, his binocular micro- 
I scope, 130, 131 ; his compound micro- 
scope, 180 

I Chevalior, on Charles’s achromatic 
I lenses, 148 

Chevalier’s combination of lenses, 38; 

[ achromatic microscope, 148, 150; mo- 
j difications of Selligue’s lenses, 854 ; 
objectives. Lister’s note on, 364, 855 
Cheyleti, 1013 

I CheyletidiP, trachefe of, 1011 
1 Cheyletus, hairs of, 1010 ; legs of, 1010 ; 

I mouth parts of, 1010 
j duckweed, petals of, 719 
1 Chicory, adulteration of, 725 note 
I Chilodoii, mouth of, 774 
I — cucullulus, binary division of, 777, 779 
I Chilognatha, 981 

j Chirodota. violacea, ‘ wheels ’ of, 896 
I Chitin, in test of Arcella, 746 ; of insects’ 
skin, 974 

Chitinous substances, mounting, 481 
; Chiton, shell structure, 928; eyes on 
shells of, 941 
j Chlaniydontonas, 645 
j Chlamydomyxa, affinity with Monero- 
zoa, 727 

1 Chlamydospore.s, of Mncorini, 641 ; of 
! gregarines, 750 

I Chloral hydrate as a preservative me- 
j dium, 519 
' Chloroform, uses of, 517 
, Chlorophyll corpuscles, 584, 535 
Ohlorosporece, 625 
CiioKDATA, 911. See Vertebrata 
C horoid coat of eye, pigment-cells in, 
1042 

Chromatic, comparison of, with achro- 
matic and apochromatic lenses, 868 

— aberration, 16, 17, 31 

— condenser, Abbe’s, 308, 809 ; 811, 812 ; 
386 

— Powell and Lealand’s, 301-303 

— correction, test for, 388 
dispersion, diminished by Huyghens’ 
objective, 42 

Chrumatophores of Peridinium, 770 ; of 
Cephalopods, 942 
Chromatoplasm, 637 
Chrodcoccacece, characters of, 647 
Chroticoccus, 647 ; as gonid of lichen, 661 
Chroiilepm, as gonid of lichen, 661 
Chrysaora, 874, 870; development of, 
876 
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Chyle, corpuscles in, 1037 
Chytridiaceccj 686 
<Jica(lcBf wings of, 998, 999 
CichoriacecB, pollen-grains of, 721 
Cicindela^ 987 
CidariSj spine of, 885, 888 

— met ulariaf mode of formation of spines 
in, 889 

Cienkowski, on decaying cells of Nitella^ 
579 7iotc\ on parasitic plasmode in 
Nitella, 579 note ; on reproduction of 
Noctilitcaj 769 

Cilia, 582, 1044 ; of Infusoria^ 771 ; use 
of, in Giliata,^ll^ \ of Tirrhellarm, 946 
Ciliary action, 772 

— motion on gills of Moll u sea j 940 

— movement in protophyes, 585 

771-788 ; ciliary action of, 772, 
774 ; ‘ shield ’ of, 778 ; lorica of, 778 ; 
myophan-layer, 778 ; trichocysts of, 
778 ; ento-parasitic forms, 774 ; moutli 
of, 774; foot-stalk in, 774 , iiniu-ession- 
able organs of, 775 ; ‘ eye-spots ’ of, 
775 ; food of, 775 ; artificial feeding, 
776; contractile vesicles of, 776; mul- 
tiplication of, 777 ; conjugation of, 777, 
782 ; encystment of, 778-782 ; disper- 
sion of, 781 ; desiccation of, 781 ; Stem 
on acmetiform young of, 782 note 
Ciliate Infusoria, general structure of, 
754 

Ciliated epithelium, 1044 
Ciliobrachiate zoiJphytes, 905 
Cilio-ftagellafa, 770 
Cilium of Noctdiica, 766 note 
Cintex lertularius, eggs of, 1005 
Cinchona, raphides of, 696 
Cinclidium a^'cAicum, peristome of, 672 
Cineraria, pollen-grams of, 722 
Cineritious matter, 1052 
Circulation in ascidians, 912, 915 

— of blood, 1054 

Circumambient chamber in Orhitolites, 
806 

Cirrlii of Cirri 2 )edla, 968 
Cirripedia, 967 
Cladocera, 961 
Cladocorcus viminalis, 851 
Cladonia f areata, 650 
Cladophora glomerata, 574 ; cell division 
of, 569, 574 

Cladorhiza inversa, 860 
Clapar^de and Laclimann, on Lieber- 
kuelinia, 781; on ‘rolling’ movement 
of Amoeba, 744 

Clark (James), on Flagellata, 764 
Clastic rocks, 1075 
Clathruhna elegans, 742 
Clausius on emission of light, 54 
ClavelmidcB, gemmation of, 911 ; stolons 
of, 914 

Clavieepa purpurea, 644 
Clavicornia, antennae of, 987 
Claws, 1029, 1038 
Clay, 1092 

Cleanliness, importance of, 522 
Clematis, stem of, 702 


COL 

' * Closed ’ bundles, 710 
j Closterium, cyclosis in, 581 ; ‘ swarming 
I of granules ' in, 581 ; binary division 
j in, 582 ; two zygospores in, 584 note ; 
zygospore of, 684 ; form of cell, 585 
Clostridia, form of, 658 
' ‘ Clothes-moth,’ 999 
Clove-pink, seed of, 728 
‘Club-mosses,’ 681 
Clijpeaster, spines of, 889 
Coal, ‘ bituminous,’ 1084 
Coal-plants, 1088 

Coarse adjustment, 159 ; ‘ stepped ’ rack- 
work for, 161 ; arrangements for ‘ lock- 
ing,’ 852 

Cobcea, testa of seeds of, 726 

— Hcandcns, pollen-grams of, 721 
Coecidia, 752 

Coccidiidce, 749 

Coce/idium omforme, 752 

Coccoliths, 747-749 ; in chalk, 1084, 1088 

Cocconeidecp, characters of, 614 

Cocconeis, 615 

Cocconema, 602, 616 

— fusidium, 621 

Coccospheres, 747-749 ; in chalk, 1088 
Cockchafer, antennae of, 974. See Melo- 
lontlia 

‘ Cockle ’ m wheat, 945 
Cockroach. See Blatta 
Cocoa-nut, 725 
shell of, 698 
Cocos-wood, 704 
(k)ddington lens, 87 
Codium, 568 

(U)donclla, silicious shell of, 778 
Codosiga umbellata, fission of, 764; 

arborescent colonies of, 765 
CiELENTEKATA, 862-888 ; bibliography of, 
888; permanent gastrula- stage of, 726 
— See Zoophytes 
' Coeloplana, 888 

Ccenosarc, of hydroids, 867, 870 
Goenurua, 944 

Cohn, on sexual generation of Volvox, 
555 ; on movements in Oscillatoria, 548 ; 
on reproduction of Sphicroplea, 570 
CoIeoeJuefaceee, 575; zoospores of, 575; 

trichogyne of, 575 
Coleochcete, 675 

Coleoptera, 973 ; dermo- skeleton of, 974 ; 
scales of, 975 ; elytra of, 981 ; eyes of 
983, 987 ; antenine of, 987, 988 ; mouth- 
parts of, 989 ; wings of, 999 ; leg of, 
1000 

Coleps, food of, 776 
Collar correction, 858 
Collared cells of sponges, 866 
‘Collars’ of Flagellata, 764 
‘ Collateral ’ bundles, 710 
Collection of microscopic objects, appara- 
tus for, 626-529 
Collembola, 977 
Collet onema, 602 

Collins’s condenser with rotating sub- 
stage, 886 

Gollomia testa of seeds of, 725 
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Collomia graniliflora^ spiral fibres in 
seeds of, 693 
Collozoa, 852 
Colonial Acinetina^ 784 
Colonies, in Codosiaa, 764; of Radiola- 
rians, 849; of Poiyzoa^ 924 
Columel of Sphagnarrcr^ 674 
Comatula^ 900, 901 ; nerves of, 1052 
‘ Comb-bearers,’ 881. See Gtenophora 
Commensalism, in lichens, 650 
Compensating eye-pieces, 34, 273, 378 
Compositce, laticiferous tissue of, 695 
Compound condenser, sub-stage, 134 

— microscope, construction of, 39; in- 
vention of, Govi on, 120 

Compression of light rays, 57 
Compressor, Rousselet’s, 346 ; Davis’s, 
347 ; Beck’s, 347 
Compressorium, 346 
‘ Concentric ’ bundles, 710 
Conceptacles of Fncacece, 627 ; of Mar- 
chantia, 666 
Co7ichifera, shell of, 919 
Concretionary spheroids, 1100 
Condensers, 190, 298-316 

— Kellner eye-piece used as, 196 ; 

Gillett’s, 204, 300 ; Hartsoeker’s, 298 ; 
Bonannus’s compound, 298, 299 ; 

Powell and Lealand’s, 301, 302, 310; 
apochromatic, 802 ; Swift’s, 302, 305 ; 
immersion, 303, 305 ; Watson’s, 303, 
304; Beck’s, 304, 305; Zeiss’s, 305, 
308, 309; Baker’s, 306; Webster’s, 
308; Abbe’s, 308, 309; fittings for, 
312-814 ; Swift’s, for use with polari- 
scope, 314 

— total aperture of, 307 

— tabular list of, 315 

— achromatic, 300, 304, 305, 306, 311 ; 
Brewster on, 299 

- chromatic, 308, 809, 311 

— compound, 134 

— cone of light with, 190 
Conferva^ 557 

Confervacece^ 569, 570 ; binary division 
of, 569 ; zoospores of, 570 ; resemblance 
of Melosirccp to, 608 
Confervce, 945, 960 
Conical epithelium, 1044 
Conids, of Ascomycetffi, 643 ; of Basidio- 
mycetes, 647 

Coniferce^ 684 ; woody cells of, 697 
Coniferous wood fossilised, 705, 1083 
Conjugatce, affinities of, 549 
Conjugate foci, 13 ; focus, 24 ; image, 24 
Conjugating cells, 540 
Conjugation, a sexual act, 537 
Conjugation of M^socarpus, 549; of 
Spirogyra, 549 ; of Ulothrix, 557 ; of 
HydrodictyoUf 565; of DesmidiacecB, 
684 ; of diatoms, 599 ; of Phcrospore^, 
627 ; of Myx&fnycetpH, 634 ; of Arrella, 
746 ; (zygosis) of Gregarince^ 751 ; of 
HeteromitUf 760; of Tetramitus^ 761; 
of Noctiluca, 769; of Gleiiodinium, 
770; of Podophrijay 785; of Ciliata^ 
782; of VoHtcellci,l^‘l 


Connective tissue, 1019 ; fibrous, 1038 ; 

corpuscles of, 1089, 1040 ; areolar, 104(> 
Contact metamorphism, 1077 
Continental correctional collar, 859 

— microscopes, objections to, 162 

— model, 254-261 ; criticism on, 259 
Continuity of protoplasm, 538; in Flori- 

decCy 630 

Contractile vacuole in Volvox, 552 

— vesicle, of Artinophrys, 737 ; of 
Mir/rogroynidy 737; of Amoeha, 743; 
of Infusoria, function of, 754 ; in 
Flagenata,164 ; of V(iramevnim,,llQ', 
of Cdiata, 776 ; of Steutor, 777 ; of 
Botifcra, 789 

Convergence of light, 18 
Convergent light in petrology, 1070, 1078 
Conversion of relief in spectroscope, 92 
laticiferous tissue of, 695 
Convolvulus, pollen-grains, 721' 

Copypoda, 960; classification of, 965 yiota 
Co'peus cerherus, 791 
Copper sulphate, crystallisation of, 1096 
Coquilla-nui, 72.5 

— section of, 692 

Coralline crag, microscopic constituents. 

of, 1089 
Corallines, 9(50 

— conceptacles of, 632 ; ostiole of, 632 
-- (sertularids), 870 

Corals, section of hard and soft parts,. 
510 

— red, 877 ; stony, 878 ; mushroom, 878 
Corella parulUdogrannna, branchial sac 

of, 912 

Coreopsis fincforia, seeds of, 724 
Cork, 708 

Corky layer of bark, 708 
Cormophytic type, 668 
Cormorant, parasite of, 1010 
Corneules of arthropod eyes, 983 
Corn-grains, husk of, 725 
Cornusphn , 801, 803 
‘ Corpuscle ’ of gymnosperms, 685 
Corpuscles, white, 1037 ; change of form 
of, 1038 ; of connective tissue, 1039,. 
1041; of blood, flow of, 1056 
Corrected lenses, 382 
Correction collar, 21, 30, 50, 274 ; English^ 
357; Continental, 359 
Corroded crystals, 1071 
Corrosive sublimate, as a fixative, 484 
Corynactis AUmanni, thread-cell of, 87^ 
Coseinodiscecp, characters of, 608 
Cosctuodiscus, 588, 620 

— cyclosis in, 687 ; frustules of, 589, 590 ; 
markings on frustule of, 591 ; areolae 
of, 591 

— asterom 2 )hali(s, 591 ; for testing lenses, 
389 

— oculuH iridis, 609 

— punctntus, fossil, with embryonal 
form, 698 

Cosynariiwi, division of, 582; form of 
cell, 585 

, — hotnjtisy zygospore of, 684 
I Cosmic dust, 1098 
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Costae of Cam/pylodiscus^ 007 
Cotyledons, 685 
Cover-glass, 439 

— consequence of using, 19 ; as section 
lifter, 478 

-tester, 440; Zeiss’s, 440; Ross’s, 440; 
Smitli’s (J. Ciceri), 441 

- varying thicknesses of, 439 ; with 
achromatic objectives, 489; cleaning 
them, 442 

Cox (J. D.), on structure of frustule in 
IstJnnia, 590 note 

Crab, 957 ; metamorphosis, 969 ; blood- 
corpuscles of, 1038 ; ‘ hver ’ of, 1047 
(Uufhro, leg of, 974 
Crane-fly. See Tipula 
Crateriutn jJurifornie, 1009 
Crayfish, 957 ; young of, 969 
Creation of structure by diaphragms, CH 
(U'il)riJiii(i 906 

Cricket, gizzard of, 993 ; wings of, 999 ; 
sound-producing ajjjiaratus, 999. See 
Acheta 

('rnwidea, skeleton of, 892; larva of, 
898 

(U isia, 909 

Crisp (F.), on ‘aperture,’ 44; on radia- 
tion, 57 ; on collection of microscopes, 
117 

Cnsfatella, 90‘.1 
(Insfellarta, shell of, 798, 819 
Critical angle, 6, 7 ; image, 30, 299 ; 
images, 287 ; mode of obtaining, 409, 
410 

Crocus, pollen-grains of, 722 
Crouch’s adapter for parabolic speculum, 
333 

‘ Crow silk,’ 569 

Crown glass, refractive index of, 5 ; com- 
position of, 32 

(h-usta petrosa of teeth, 1025, 1026 
Crustacea, 957-971 

larvae of, collecting, 529 
Crustacea, suctorial, 965 

— collecting, 970 ; preserving, 971 ; com- 
pound eyes of, 982 ; pigment-cells of, 
1043 ; ‘ liver ’ of, 1047 ; concretionary, 
spheroids in shells of, 1100 

Cryptogamia, 530-683 

- preparation of, 514 ; structure of, 532- 
535 ; reproduction of, 535-549 ; litera- 
ture, ()83 ; passage to Phanerogamia, 
684 and itote 

Crji 2 )toraphide(r, 599 
Crystalline forms, list of, for microscope, 
1099 

Crystallisation, microscopic examination 
of, 1095-1098 

- effect of temperature on, 1096 

- preservation of sjDecimens of, 1098 
Oystallisation, process of, 1096 
Crystallites, 1072, 1096 

in glass cavities, 1074 
Crystalloids, 1096 

(h-ystals, corroded, 1071 ; in lava, 1071 ; 
zonal markings in, 1073 ; cavities in, 
1073 ; inclusions in, 1074, 1075 ; inicro- 


OYP 

scopical structure of, 1075 ; optical pro- 
perties and chemical constitution, 
1078, 1079 ; as microscoihc objects, 
1094 ; of snow, 1095 ; as objects for 
polariscope, 1097 

Crystals, their homogeneous structure* 
1094 

— — types of structure, 1094 

— — optical properties, 1094 

variations in symmetry, 1094 

Ctemirui ctenophora, 877 note 
Ctenoid scales, 1028 

Ctouyphora, 877, 881, 883; excretory- 
pores of, 882 note 
Gtenostoinata, characters of, 909 
Gucnrhitaccic , pollen-grams of, 721 
Cuff’s micrometer, 142 ; microscope, 142 
G uhc id (c ^ ixwtenniv: of, 988; larva?, blood 
of, 994 

Gurcnlio^ antemue of, 988 

— nnjjeriahs, scales of, 975; elytra of, 
981 

Gurculionid(e,'dH\\ foot of, 1000; suckers 
on foot of, 1002 

Currant, parenchyme of fruit, 685 ; pollen- 
tubes of, 723 

Curvature of the field, 388 
‘ Cushion-star,’ 891. See Goniaster 
Cuticle, 1041, 1042 
-- of leaves, 713 ; of Gdiata, 773 
Cutin, 713 
Cutis vera, 1041 
Ciitlena, conjugation of, 627 
Cuttle-fish. 929, 942. See Sepia 

‘ sepiostaire ’ of, structure, 929 ; imi- 
tated, 1102 

‘ Cuttle-fish bone,’ structure of, 929 
Gyancca capiUata, ephyrae of, 874,875; 

scyphistoma of, 875 ; strobila, 875 
Gyanthus minor, seed of, 724 
Cyatholiths, 748, 749; artificially pro- 
duced, 1101 
Gijradeic, 684 
GycaSy raphides of, 696 
Gijcianimnui ranceJlatu, Hl(y, 818 
Cyclical mode of growth in shell of 
Fora min if era, 798 
GyrlocJypeiis, 829 ; shell of, 798 

— compared with Orhitolites, 801, 835 
Cvcloid scales, 1028 

Cyclops, eye of, 960 ; larva, 968 

— (fuadriconiis, 961 ; number of off- 
spring of, 964 

Cyclosis, 534 ; in Char a, 576 ; in des- 
mids, 581 ; in Diatomacece, 687 ; in 
Phanerogam cells, 688 ; in plant hairs, 
690; in Lieberknchnia, 732; in Acine- 
tina, 783 

Cifclostomata (Polyzoa), characters of, 
*909 

Cydippe, collecting, 629 

— p ileus, 882 
Cymbella, 602 
Cynibelleie, affinities of, 616 
Gympidce, ovipositor of, 1003 
Cy 2 )r(ca, shell of, 928 
Cypids, 960 
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Cyst, of Protococciis, 544, 551 ; of Proto- 
mfjxttj 728; of Clathrulina, 742; of 
gregarines, 751 ; of Dallingeria^ 759 ; 
of Polytoma, 760 

Cystic Entozoa, relation to cestoids, 944 
Cijstlcercusy relation to cestoids, 944 
Cystids of Hi/rnenomyceteSy 648 
Cystocarp of Floridecey of Batra- 
ch()spe7-mumy 574 
Cyst opus candid us, 640 
Cythere, 960, 961 

Cytherina, shells of, in chalk, 1087 
Cytodes, contrasted with plastid, 727 
Cytoplasm, 537 


D 

Dallinger and Drysdale’s moist stage, 
341 ; tripod, 402 ; on life-history of 
monads, 756-763 ; on effects of tempe- 
rature on monads, 761 
Dallinger (W. H.), on Navicula, &:c., as 
test objects, 600 note ; on nucleus of 
monads, 762 

Ballinger’s thermo-static stage, 844-346 
Dallinger la Drysdah, life-history and j 
structure of, 758 ; nucleus of, 762 
Dalyell (J. G.), on Hydra tuba, 874 
Damceus geniculatus, proven triculus of, 
1011 

Dammar, as a preservative medium, 518 ; 

as a mounting medium, 521 
Dandelion, laticiferous tissue of, 695 ; 

. pollen-grains of, 721 

Daphnia, eye of, 960 ; eggs of, 964 ; 

ephippial eggs of, 964 
Daphnia pulex, 962 
Darwin (Charles^ on Girrq)edia,^^l 
Datura, seeds of, 724 
Davis, on desiccation of Pot if era, 791 
note 

Dawson (W.), on foraminiferal nature of 
Eozodn, 837 

‘ Day-fly.’ See Ephemera. 

* Dead-man’s toes,’ 879. Alcyoniiim 
Dean’s medium for mounting insects, 
978 

De Bary, on fungi, &c., 634 note', on 
potato-disease, 640; on alternation of 
generations in ferns, 680 
Decalcification, 512 ; of echinoderms, 
512 ; of bones, 512 ; of teeth, 512 ; of 
Foraminifera, 518 ; of Eozodn, 518 
Decapoda, 957 ; exoskeleton of, 968 ; 

niacrurous, 969 ; brachyurous, 969 
Decomposition, produced by Bacteria, 
661 

— of rock-masses, 1076 
Defining power, 425 ; tests for, 420 
Definition of image, 882 
Degeneration in T unicat a, 911 
Dehydration, 487 
Dellebarre’s microscope, 144 
Delphinium, seeds of, 724 
,^emodex, legs of, 1010 
-- folliculoru/m, 1014 


De Monconys, his compound microscope, 
128 

Dendritina, a varietal form of Peneroplis, 
808 

Dendrodus, teeth of, 1091 
Dendrosoma , 784 
Dentine, 1019, 1023-1026 

— resemblance of cuticle of crabs to, 
969 ; in placoid scales, 1028 

Deparia, indusium of, 675 

— 2 )rolifera, 676 

Depth of focus, 83, 89 ; of vision, 88, 89, 
90 ; perception of, 94, 95 
Dermal skeleton of Vertehrata, 1026 
Dermaleichi, 1008, 1014 
Dermanyssus, 1012 

— larva of, 1009 
J)er))iestes, hair of larva, 980 
Descartes’ simple microscope with refle<*- 

tion, 126 

Desiccation of rotifers, 791 
Desiderata in a microscope, 261-263 
Desilicification, 513 

Desmtdiace.^:, 549, 579-587 ; connection 
with Pediastrecp, 566; sutural line of, 
580 ; cellulose envelope, 580 ; mucila- 
ginous sheath, 580; primordial utricle, 
580 ; endochroire, 580 ; movements of, 
580 ; cyclosis in, 581 ; binary division of, 
582 ; sexual reproduction, 584 ; classi- 
fication of, 585 ; habitat of, 586 ; mode 
of collecting, 586 

— Hiintzsch’s glycerin method of pre- 
serving, 520 

Desmuhece, 945 

— conjugation of, 584 ; zygospore of, 584 
Desmidimn, binary division, 582 ; fila- 
ments of, 583 

Desmids. See Desmidiacece 
Deutovium of Acarina, 1008 
Deutzia scahra, stellate hairs of, 714 ; 
epiderm of, 715 

Development of Hydra, 866, 867 ; of hy- 
droids, 868 ; of embryo in Gastropoda, 
919; of molluscs, 933; of Annelida, 
949 ; of Tomopteris, 953 ; of insects, 
1007 

Deviation, 9 
‘ Diamond Beetle,’ 975 
Dianthus, seed of, 723 

— carifopliyll(E\is, parenchyme of, 688 
Diaphragm, 261, 297, 306, 308, 310, 312, 

813, 314 

— with two openings for double illumina- 
tion, 104 

~ Zeiss’s iris, 297 ; calotte, 297 ; in eye- 
pieces, 876-879, 881 ; for use in test- 
ing object-glasses, 385, 386 

— in Tully’s microscope, 149 
Diatoma, 588 ; frustules of, 588, 605 

— vulgare, chains of, 605 
Diatomace-e, 549, 587-625 

— perforated membrane of, examined 
with annular illumination, 419 ; mode 
of examination of, 419 ; mounting, 481 ; 
silicious coat, refractive index of, 521 ; 
stipes of, 688 ; beaded appearance, 692 ; 
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markings of, 508 ; binary division I 
of, 504-597 ; reproduction of, 594-BOl ; 
placochromatic, 508; coccochromatic, | 
598 ; conjugation of, 599 ; zygospores 
of, 599 ; gonids of, 509 ; movements of, 
601 ; classification of, 602 ; habits of, 
619 ; habitats of, 620 ; distribution of, 
621 ; fossil forms of, 622 ; used as 
food, 622 ; collecting, 622 ; cleaning, 
628, 624 note ; mounting, 624 ; as food 
of Ciliata^ 775 ; in mud of Levant, 
1085 

Diatom-frustules in ooze, 1086 
Diatomin, 587 

Diatoms in stomach of ascidians, Holo- 
thtirtcBj (fee., 614, 623 
Diatoms. See Diatomace^i*: 

Dichroism, 1098. See Pleockroism: 
DicMecij 602 

Dicotyledonous stems, fossilised, 1088 
Dicotyledons, 700 ; stem of medullary 
rays of, 702 ; epiderm of, 712 
Dietyoealfjx piinuceiiH^ 861 
Dictyocliija fibufa, 620 
l)u‘ft/oeysta, silicious shell of, 778 
Dietyoloma winged seed, 

724 

JDietyospyris elathrus, 847 
Dirtyota, odspheres of, 627 
Didemnians, 914 

Vidyrnium seipula^ plasmode of, 635 
Differential screw, CariipbeU’s fine ad- 
justment, 162, 164, 165, 174, 202, 230 
Differential staining, 408 
Differentiation of ceil, 533 
Dipitgia, 746; test of, 746 
Diffracition, 62 

■ Abbe’s theory of, and homogeneous 
immersion, 863 

— Fraunhofer’s law, 57 

— rays are image-forming, 59 

— spectra, 28, 67 ; phenomena, 62, 64 ; 
image, 64, 72 ; experiments, (>6-70 ; fan 
of isolated corpuscles, 72 ; problem, 78 ; 
pencil, 74, 75 ; hypothesis of Abbe, 74 ; 
fan, 75 ; theory, application of, 76, 78 ; 
bands, 277 ; phenomena, Abbe’s experi- 
ments, 484 ; ghost, 435 

Digestive vesicles of Ciliafa, 776 
Digitalis y seeds of, 724 
Dimorphism \\\ Forominifera, 802 
Dlnohryon^ 765 
Denofiagellata, 770 
DinomastigopJwray 770 note 
Dioptric investigations by Gauss, 106- 
110 

Dioptrical image, 30, 72 
Diorite, fluid inclusions in, 1074 
Dipping tubes, 850 

Diptera^ 978 ; eyes of, 987 ; antennae of, 
988 ; mouth-parts of, 990 ; wings of, 
998 ; ovipositor of, 1003 ; imaginal discs 
of, 1007 

Direct division of nucleus, 586 » 

‘ Directive vesicles ’ of egg of Furpiiraj 
987 

Disc-holder, Beck’s, 889 
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DisciiJa, 849 

Discoliths, 748, 749 ; artificially produced, 
1101 

DLseorhina, 824 
- globulariSy 798 

Disintegration of rock-masses, 1076 
Dispersion, 9, 17 ; in glass, 81 

— and desiccation of encysted C that ay 
781 

Dispersive power, 2, 9, 18 ; of flint glass, 
10 

Dissecting apparatus, 455 

— microscope, Greenough’s binocular, 
248 ; Stephenson’s binocular, 248 
Huxley’s, 251 ; Zeiss’s, 251, 253 
Bauscli and Ijomb’s, 252 

Distance of projection of image, 26, 27 
Distinct vision, 26 
j Distonia, life-history of, 94(5 
I - Uepatiea niy 945 
I Divergence of light, 18 
i Divini’s compound microscope, 129 
I Division, binary, of cells, 585 ; of desmids, 

I 582 

— artificial, of ActuiosjdiceriuDi, 741 note 
■ ~ of naiads, 955 

Dobie’s line, 1049 
Dog-fish, scales of, 1028 
D’Orbigny, on plan of growth of Fora- 
min if era, 799 

Dorisy spicules in mantle, 928, 929 ; nida- 
meiitum of, 934 ; eggs of, 942 ; spines 
of, iinitateci, 1101 

— bilamellata, development of, 935- 
937 

— pilosay palate of, 931 

— tubereulatay jialate of, 931 

Double illumination, Stephenson's me- 
thod, 105 

Doublet, Wollaston's, 86, 153 
Dragmata, of sponges, 860 
Dragon-flies, wings of, 998 
I Dragon-fly, facets in eyes of, 983 
— See Libelhda 
Draparnahlia, glomeratay 574 
Draw-tube of microscope, 157 
j Drebbel’s modification of Keplerian 
telescope, 121 
Dredge, 528 

DrepanuHum ranaruniy 752 
Drone-fly. See Eristalis. 
Dropping-bottle, 476 ; German, 477 ; ex- 
pansion, 477 

Droseray glands of, 714 ; seeds of, 724 
Dry-mounting, Smith’s ‘ cells ’ for, 446 
Ducts of Phanerogams, 698 
Diidresnayay fertilisation in, 632 ; ferti- 
lising tubes, 632 
Dujardm, on ‘ sarcode,’ 530 note 

— separates Ainceba from Infusoriay 
738 

Dunning’s zoophyte trough, 348 
Duramen, 704 

Dwarf-male of CEdogoniuniy 572 
DytiscuSy eye of, 987 ; antennas of, 988 ; 
spiracle of, 996 ; trachea of, 996 ; focA 
of, 1001, 1002 , 
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E 

Earth-stresses, 1077 
Earwig. See Forficula 
Eccremocarpus scaber, winged seeds of, 
724 

Echinoderm larvoe, collecting, 900 ; 
preparing, 900 ; mounting, 900 

— skeletons in mud of Levant, 1085 
Echinodermata, larvoe of, collecting, 

529 

— 884-903 ; skeleton of, 884, 891, 892, 
894 ; spines of, 885-889, 891 ; pedi- 
cellarioB of, 889 ; teeth in, 890, 892 ; 
preparation of skeleton spines, Arc., 
892 ; internal skeleton, 894 ; larvoe ot, 
896 

Echinoderms, decalcification of, 512 
Echinoulea^ skeleton of, 884 ; spines of, 
885 ; pedicellarioe of, 889 ; larva of, 
898 ; direct development in, 900 note 
E china met ra, spine of, 886, 892 ; colour 
of spines, 888 

EchinuSj shell of, 885, 886 ; spines of, 
885 ; teeth of, 890 

— lividus, coloured spines of, 887 
Ectocarpaceccy 626 

Ectocarpas silicuIosuSf conjugation of, 
627 

Ectoderm, 726 
Ectoplasm, 535 
Ectoprocta, 909 

Ectosarc, 534 ; in Ehizopoda^ 733 ; 

experiments on, 743; of Ciliata^ 773 
Edentata, cement in teeth of, 1026 
Edible crab, metamorphosis of, 970 
Edwards (A. M.), on supposed ‘ swarm- 
spores ’ of Amoeba, 744 
Eel, scales of, 1027 

Egg without shell,’ concretionary sphe- 
roids in, 1100 

Egg-capsule of Cyclopa, 961 
Egg-sacs of Lerncea, 966 
Egg-shell membrane, 1038 
Eggs of Sepiola, Darin, 942 ; of Acanna, 
1005 ; of insects, 1005 
Ehrenberg, on eye-spot in Pratococcns, 
548 ; on Volvax, 551 ; on structure of 
frustules, 590; on rapidity of repro- 
duction of Parameciitm, 111 ; on 
internal casts of Faraminifera, H2,l 
7iote\ on fossil Badiolaria, 854 note 
Elceagnus, raphides in pith of, 696 ; 

peltate scales of, 714 
Elastic ligament of bivalves, structure of, 
1040 

Elater, antennae of, 988 
Elaters of Marchantia, 668 ; of Equi- 
setacece, 680 
Elatiney seeds of, 724 
Elder, pith of, 687 
Ellis’s aquatic microscope, 147 
Elm, raphides of, 696 
Elodea ca^mdensisy cyclosis in, 689 
Elytra of Coleopteray 981, 999 
Embryo of Phanerogams, 723 

— cell of fern, development of, 679 


Embryo- sac, 685 

— of ovule in Phanerogams, 534 ; free- 
cell formation in, 536 

Emission of light, power of, 51, 54 ; 
unequal, 52 

Emitted light, unequal intensity of, 51 
Empusa rnuscce, 642 
Enamel of teeth, 1025 

— of teeth of Echinus, 891 

— on ganoid scales, 1028 
Encephalartos, raphides of, 69(5 
EncHnltes, 892 

End-bulbs, 1053 

Endochrome, 533; of Palmoglaea, 541; 
of Spiragyra, 560 ; of Volvax, 551, 
552, 554 ; of desmids, 580 
Endoderm, 726 

Endogenous spores of Mucorini, (540 
- stems, 700-712 
Endogens, spiral vessels of, 698 
E ndoncma, 602 
Endophloeum, 708 
Endoplasm, 533 

Endosarc, 533; in Rhizopoda, 733; of 
Ciliata, 773 
Endosperm, 685 

Endospores t'f mosses, 672 ; in ferns, (577 ; 
of KoZyox’, 556 ; of Hymenouujcetes, 
648 

Endosporous Bacteria, 655 
I Enoch’s metallic ring for mounting, 482 
I Entomophilous flowers, 722 
Entomophthorcie, 642 
Entomostraca, 967, 959-965 ; desicca- 
tion of, 963 ; agamic reproduction of, 
963 ; eggs of, 964 ; development of, 

I 965; eye of, 982; non -sexual repro- 

I duction, 1006 

I — collecting, 529 
I — Botifera upon, 787 

Entomostracan eggs as food of C/liata, 
775 

Entoprocta, 909 
Entospluerida, 850 
Entozoa, 943 

EoliSy nidamentum of, 934 
Eozoiin, 837 ; mounting, 481 ; mode of 
growth of, compared with that of 
Polytrema, 824; canal system com- 
pared with Calcarina, 825 ; affinities 
of, 838; intermediate skeleton, 839; 
nummuline layer, 839 ; internal cast 
of, 840 ; asbestiform layer, 841 ; pseu- 
dopodia of, 841 ; young of, 842 

— canadense, 837 

— decalcification, 613 

Epeira, foot of, 1015 ; silk threads of, 
1016 

Ephemera, branchiae of larva, 997 

— marginaia, larva of, 973 ; circulation 
of blood in larva of, 994 

Ephippial eggs of Botifera, 790 
Ephyrte of Cyancea, 815 ; of Chrysaora, 
876 

Epiblast, 726 note 
Epiderm of leaves, 712 
Epidermic appendages, 1029 



INDEX 


IISI 


EPI 

^Ipidermis, 1041, 1042 ; method of ex- 
amining, 1048 
Epidote, 1076 

Epilobium^ emission of pollen-tubes, 722 
EpipacMs, pollen-tubes of, 723 
Epiphloeum, 708 
Epispore of Mucorlni, 042 
Epiatome of Polyzoa^ 909; of Actino- 
trocha, 950 

Epistylis, collecting, 527 
Epithelium, 1043, 1044 
Epithemia, conjugation of, 599; zygo- 
spores of, 599 

— turgida, 604 
Equiconcave lens, 22 
Equilucent zones of light, 308 
Equisetacece, 680 ; in coal, 1084 
Eqmsetum,^ spores and elaters of, 081 ; 

epiderm of, 715 ; silex in, 715 
Eqmtant leaves of Iris, &c., 717 
Erecting binocular, Stephenson’s, 100 

— prism, Stephenson’s, 101 
Ergot, 644 

Erica, seeds of, 724 

Eristalis, eye of, 987 ; antennai of, 988 
Error of centring, 389 
Erytliropsvi agilis, eye-spot of, 775 
Eschara, calcareous polyzoaries of, 909 ; 

extension of perivisceral cavity, 927 
Ether as a solvent, 517 
Ether-freezing microtome, Hayes’s, 472 ; 
Cathcart’s, 474 

Ethinosplicera siphonophora, 850, 851 
Eucalypttra vulgaris, 60)9 
Eucopepoda, 965 }iote 
Eucyrtidmm elegans, 847, 852 

— Mongolfieri, 847 

— tuhulus, 847 

Eudorina, sexual process of, 557 
Euglena, 545, 765 

Euglypha alveolata, reproduction of, 
740 

Euler’s microscope, 148 

Euler on achromatic microscopes, 147 

Emwtia, 604 

Eunotiece, characters of, 004 
Eupliorhiacece, laticiferous tissue of, 095 
Euphrasia, micropyle of, 723 
Euplectella aspergillum, 800 note 
Eupodiscece, characters of, 012 
Eurotiurn repcns, 048 
Evening primrose, emission of pollen- 
tubes, 722 

‘ Exclamation markings ’ on scales, 978 
Excretory organ of Rotifera, 789, 790 
Exner (S.), on the image in eye of 
Lampyris, 984 
Exogenous stems, 700 

— stem, structure of, 708 

— and endogenous stems contrasted, 709, 
710 

Exogens, fibro-vascular bundles, 697, 
698 ; medullary sheath of, 698 ; spiral 
vessels in, 698 

Exoskeleton of decapods, 968 
Exospores of mosses, 672 ; of ferns, 677 ; 
of Hymenomycetes, 648 
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Extinction, straight, 1079 

angle, measurement of, 1079 

Extine of pollen-grains, 720 ; markings 
on, 720 

Eye, accommodation of, 88 

— of Pecten,9AQ', of Onchidium, 941; 
of slug, 941 ; of snail, 941 ; of arthro- 
pod, structure of, 983 

Eye-glass of compound microscope, 36, 
39 

Eye-lens, 870 

Eye-piece, 375-381 ; Abbe’s comiiensa- 
tion, 40, 378 ; Huyghenian, 40 ; Kell- 
ner’s, 42, 870 ; Ramsden’s, 43, 378 ; 
Camjiani’B, 370 ; Huyghens’, 870 ; Nel- 
son’s new Huyghenian, 377 ; Watson’s 
Holoscopic, 379 

— binocular, Tolies’, 101 ; Abbe’s, 102 

— Kellner’s, as condenser, 196 

— micrometer, 271-277, 380 ; orthoscopic, 
370 ; projection, 380, 381 ; index, 381 ; 
pointer in, 381 ; diaphragms in, 381 

— stereoscopic, Abbe’s, 102 

Eye-pieces, classification of, by Abbe, 81 ; 

compensating, 34, 35, 378 ; negative, 
376,377; positive, 377; solid, 378; 
searcher, working, projection, 378 

Eyes on Chiton sliells, 941 

— compound, of insects, 982, 983 

- compound, 982-987 ; simple, 982, 980 ; 
preparing, 5)86 ; mounting, 986 


; P 

Faber, inventor of the name microscope 
124, 125 

Falciform young of Coccidia, 752 
False images, 419 

Farrants’s medium, 478, 520 ; for mount- 
ing insects, 973 

Farre (A,), on structure of Polyzoa, 5)08 
note 

Farrella, polyzoaries of, 909 
Pat, 1045 

Fat-cells, 1018, 1040, 1042, 1045 ; capil- 
lary network around, 1002 
Fats, solvents for, 517 
Feathers, 1025), 1032 
‘ Feather- star,’ 900. See Antedon 
Feeding, mode of, in Actinophrys,!^^', 
in sponges, 856 

Feet of insects, 1000-1002 ; of spiders, 
1014 

Felspar, decomposition of, 1076, 1077 
Felspar rock, effect of dynamic meta- 
morphism on, 1077 
Felspars, zonal structure in, 1073 
‘Female’ plants of Polytnchu m, 671 
Fermentation of alcohol by yeast, 640; 

by PenieilUum, Mucor, &c., 647 
— putrefactive, 661 
Fermentative action of Fungi, 582 
Ferns (see Filices), 674 ; in coal, 1084 
Fertilisation of Phanerogams, 722 
Fertilisation-tubes of Peronosporece, 638 
Fertilising tube of Dudresnaya, 682 
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Fesiiica pratemis^ paleoe of, 715 
Fibres and cells of Vertebrates, 1018, 
1019 

Fibro-cartilage, 1019, 1046 
Fibro-vascular bundles, 697, 708, 710 

— of ferns, 674 ; in the ‘ veins ’ of leaves, 
697 ; of Exogens, 697, 698 ; of Phane- 
rogams, 700 

Fibrous tissues of Vertebrates, 1019 

— tissue, 1038 ; white, 1039, 1040 ; yellow, 
1040 

Field of oye-pieces, 379 
Field-glass, 40 

Field-lens, 876; applied to eye-lens by 
de Monconys, 128, 876 ; by Hooke, 128, 
376 

Filices, 674-680; stem, structure of, 
674 ; fructification of, 675 ; prothallium 
of, 677 ; antherids of, 677 ; archegones 
of, 677 ; development of, 679 ; apospory 
in, 680 ; apogamy in, 680 ; alternation j 
of generations in, 680 
‘ Filiferous capsules.’ Hrc Thread-cells 
Finder, 295 ; Maltwood’s, 296 
Fine adjustment, 162-175 

applied to the stage by Powell, 

155 ; by moving the whole body, 162 ; 
by simply moving the nose-piece, 162, 
173 ; continental, 162-164 ; Campbell’s 
differential screw, 164; Zeiss’s, 166; 
Reichert’s, 171; Watson’s lever, 172; 
Swift’s vertical side-lever, 173 ; 
Powell’s, 174 
Fire-fly, antennm of, 987 
‘ Fire-fly,’ 984, 988. See Lami^ijns 
Fish, circulation in tail of, 1057 ; on 
yolk-sac, 1057 
‘ Fish-louse,’ 966 
Fish-scales, concretions in, 1101 
Fishes, lacunae in bone of, 1022 ; dentine 
of, 1023 ; cement of teeth in, 1026 ; 
plates in skin of, 1026 ; red blood- 
corpuscles of, 1034, 1085 ; pigment- 
cells of, 1043 ; muscle fibre of, 1049 ; 
gills of, 1063 

Fission in LieherkueJiniOj 733; of 
Mofias, 756; of Monosiga^ 764; of 
Codosiga, 764 ; of planarians, 947 
Fi8Sipe7ine8j wings of, 999 
Fixation, 484-487 

Fixing agents: alcohol, 484; corrosive 
sublimate, 484 ; osmic acid, 485 ; picric 
acid, 485 

Flabella of Licmophora, 605 
Flagella, 532 ; of Bacteria, 652, 658, 659 
Flagellata, 755-771 

— experiments on, 761 ; nucleus in, 762 ; 
karyokinesis in, 763 ; colonial forms, 
764 

— collared, resembling cells of sponges, 
855 

Flagellate chambers of sponges, 856, 
857 

Flagellum of Noctiluca, 766 7iote 
Flat bottle for collecting, 527 
Flatness of field, 425 
Flea, presumed auditory organ of, 422 ; 


hairs on pygidium of, as a test, 421 
mounting medium for, 973 
‘ Flesh,’ 1048 
Flint, derivation of, 622 
-glass, refractive index of, 5; disper- 
sive power of, 10 ; composition of, 82 

— implements found with 07'hitoli7icey. 
824 

Flints, prejiaration of, 1089 

Floral envelope, 718 

FhrndecB, 630-632 ; affinities of, 630 

Flosciihu'iadte, 791 

Floscules in confinement, 528 

‘ Flowering fern,’ sporanges of, 676 

‘ Flowering plants,’ 684. See Phanero- 

OAMIA 

Flowers, 718-723 ; Inman’s method of 
preparation, 719 
‘ Flowers of tan,’ 634 
Fluid inclusions in crystals, 1074 
‘ Fluke,’ 945 

Fluorite lenses for apochromatic objec- 
tive, 35, 366 

Flustra, mode of growth in, 904 ; gem- 
mation in, 906 ; number of polypides, 
908 ; polyzoaries of, 909 ; extensions of 
perivisceral cavity in, 927 
Flu8t7'eUa concent rira, 847 
Fly, various instructive organs to be ob- 
tained from, 972 ; eye of, facets in, 
983 ; proboscis of, 989 ; circulation in 
wing of, 994 ; spiracle of, 996 ; areolto 
on wings of, 998 ; foot of, 1000 
Focal alteration and form of objects, 421 

— depth, 38 

— distances, by feeling, 177 

- length of a plano-convex lens, 15 
Focke on Navicula and SarirelJa, 602 
note 

Focus, virtual conjugate, 14, 25 ; princi- 
jial, 16; mean, 17; virtual, 22; conju- 
gate, 24 ; depth of, 83, 89 

— of lenses, 13, 21, 22 ; chromatic, 16 
Focussing arrangements, 159-175 
Fontinalis anti2)yrctira, 671 

Food of Hydra, 685 
Foraminifera, 733, 795-846 

— study of, by means of Beck’s disc- 
holder, 339 ; examination of, 423 ; 
wooden slides for mounting, 450 ; 
method for sectionising, 508 7iote ; de- 
calcification of, 513 ; structure of, 795 ; 
chamberlets in, 798, 803, 804, 806 ; 
cyclical mode of growth in, 798 ; plans 
of growth, 798, 804 ; porcellanous 
shells, 799 ; vitreous shells, 799 ; tubu- 
lation of shell in, 799, 800 ; rotalino 
type, 800 ; numinuline type, 800 ; in- 
termediate skeleton of, 801 ; canal sys- 
tem of, 801 ; Porcellaiiea, 801 ; fos- 
silised forms of, 801, 804, 812, 824, 837 ; 
dimorphism in, 802; secondary sejita 
in, 803 ; Arenacea, 810 ; sandy iso- 
morjihs, 814 ; nodosarine type, 815 ; 
Vitrea, 819 ; internal casts, 823, 827 
7iote ; numrauline series, 826 ; alar 
prolongations, 830, 831 ; interseptal 
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canals, 830 ; marginal cord in, 830, 834 ; 
collecting, 843 ; method of separating 
from sand .&c., 844 ; mounting, 845 ; 
tubuli of, compared with those of den- 
tine, 1020 ; in mud of Levant, 1085 ; 
in rocks, 1085 ; internal casts of, 1090 
Forbes, on reproduction of Sertulanida^ 
870 

Forceps, 851 

— slide, 458 

— stage, 389 

Forfidula, antennee of, 988 
ForJiculiclcBy wings of, 999 
Form of objects and focal alteration, 
421 

Formation of microscopic images, 43 
‘ Formed material,’ 1018 ; of fibrous 
tissue, 1019 ; of dentine, 1020 
Fossil coniferous wood, 705, 1083 

— crinoids, 892 ; echinids, 892 

— Gyj)rid(P^ 960 

— Foraminifera^ 801, 824-826 

— LituolcBy 816 

— Madiolaria, 846, 854 note 

— ISaccammina, 812 

— sponges, 1089 

— wood, 705, 700 

Fossilised Foraminifrm {Eozoon)^ 887 

— wood, sections of, 712 
Fragilaria^ 605 
Fragilariecey characters of, 605 
Fragmentation of nucleus, 538 
Fraunhofer’s law of diffraction, 57 

— achromatic doublet, 148 

— lines, 323-826 
Fredericella, collecting, 528 
Free-cell formation, 585, 719 

in embryo-sac, 534, 536 

Freezing apparatus for Thoma’s (Jung’s) 

microtome, 467 

— microtome, Hayes’s, 472 ; Catlicart’s, 
474 

— imbedding by, 505 

Fresnel, on Selligue and Adams’s micro- 
scope, 148 ; on range of magnification, 
149 

Freyana heteropus, legs of. 1010 
Fripp’s method of testing object-glasses, 
886 

Frog, blood- corpuscles of, 1034, 1035; 
muscle fibre of, 1049 ; papillie on tongue 
of, 1053 ; circulation in mesentery of, 
1056 ; circulation in tongue of, 1056 ; 
lung of, 1063 

Frog’s bladder, histology of, as seen with 
apochromatic, 372 

— foot, epithelium of web of, 1044 ; cir- j 
culation in web of, 1055 

Frond of Phceosporece, 626 
Fructification, gonidial, 541 ; sexual, 541 

— of thallophytes, 540 ; of Ascornycetes, 
642 ; of lichens, 649 ; of mosses, 670 ; 
of ferns, 675 ; of Equisetacece, 680 

Frustules of Diatomacece, 588; shapes 
of, 588, 589 ; structure of, 689, 690 
note ; girdle, 689 ; ostioles in, 690 ; 
markings on, 691 ; character of, as basis 


of classification, 602 ; of Coscinodiscus, 
609 

Fiicacece, 627 ; conceptacles of, 627 
Fuchsia, pollen-grains of, 722 
Fucus, 626 

Fucus platy carpus, 627, 628 

— vesicidosus, 629 
Fulgorifhe, wings of, 999 
Funaria hygroynetrica , 669 

— sporange of, 671 
Fungi, 540, 683-664 

— X^reparation of, 514 ; zymotic action of, 
532 ; alternation of generations in 
classification of, 634; parasitic on in- 
sects, 642 

Fungia, lamella; of, 878 

Fungiform i^apilloe, 1053 

Fungus-cellulose, 633 

Fusion in Dalluigeria, 759 

Fuss’s description of a microscope, 1 47 

Fusulina, 825, 826, 1090 

F’Ms?//i/ea-limestone, 826, 1085 


G 

Gabbro, 1095 

— fluid inclusions in, 1074 
Gad-fly, ovipositor of, 1004 

— See Tabanus 
GaiUonella prorera, 621 

— granulata, 621 

— biseriata, 621 

Galileo, inventor of the compound micro- 
scope, 120-125; Viviani’s life of, 120; 
his invention of compound microscoiie, 
Wodderborn on, 121 ; his occhiahno, 
121, 124; his orcJuale, 122, 124; his 
microscope, 127 
‘ Gall-flies,’ ovipositor of, 1008 
Galley-worms. See Myriopoda 
Gaynasida, legs of, 1010; integument of, 
1010 ; Mali>ighian vessel of, 1011 ; 
heart of, 1011; trachese of, 1011; cha- 
racters of, 1012; reproductive organs 
of, 1012 

Gatnasus terribilis, mandibles of, 1009 
Ganglion-globules (cells), 1051 
Ganglionic cells, 1054 
Ganoid scales, 1028 
Garlic, raphides of, 696 
Garnets, 1077 

Gas bubbles in glass cavities, 1074 
Gaseous inclusions in crystals, 1075 
Gastropoda, palates of, mounting, 481 ; 
palate of, 919 ; development of, 919 ; 
shell structure of, 928 ; embryonic 
development of, 934-940; organs of 
hearing in, 941 

Gaatrula, 726 ; -stage in Coslenterata, 
726 ; formation of, 726 note ; of zoo- 
phytes, 862 ; of Gastropoda, 936 ; of 
blowfly, 1007 

Gauss’s optical investigations, 106-110; 
his dioptric investigations, 106-110 ; his 
system, practical example of, 111-1 J 6 
Gelatinous nerve-fibres, 1052 
in sympathetic, 1054 
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X^emellariay polyzoary of, 909 1 

Gemma) of Marchantia, 666, 667; of 
Salpingceca^ 764 ; of SuctoTia^ 784 ; in I 
Foraminiferay 798 ; of Poluzoa, 906 j 
Gemmation and shape of shell in Fora- | 
minifera, 796 ; 

Gemmules of Noctiluca^ 769 ; of sponges, | 
867 

Oentianay seeds of, 724 
Geoditty spicules of, 859, 1086 
Gephyrean worm, 950 
Geraniurriy glandular hairs of, 714 ; cells 
of pollen-chambers, 720 ; pollen-grains, 
720 

Germ-cells of VolvoXy 556 ; of Marchan- 
tiay 668 ; of mosses, 671 ; of ferns, 679 ; 
of Phanerogams, 685 ; of sponges, 857 ; ! 
of Hijdray 866 i 

‘Germinal matter,’ 1018; of fibrous tis- 
sue, 1019 ; of dentine, 1020 
Gesneriay seeds of, 724 
Ghostly diffraction image, Nelson on, 72 
note 

Gibbes (Heneage , on staining Bacteria^ 
616 

Gifford’s screen, 821 

Gill (C. Haughton), on the ‘dots’ of 
Navicula, 598 
Gillett’s condenser, 204, 300 
Gills of tadpole, 1057, 1059 
Giraudidy conjugation of, 627 
Girvanellay 1084 
‘ Gizzard ’ of insects, 993 
Glanderft, 661 
Glands, structure of, 1047 
of Droseray 714 

Glass-cavities in crystals, 1074 ; gas 
bubbles in, 1074 
‘ Glass-crabs,’ 968 
Glass inclusions in crystals, 1074 

— rings for cells, 446-448 
Glaucimn luteumy cyclosis in, 691 
Qlenodiniam cinctaniy conjugation of, 

770 

Qlohigerina, shell of, 798 ; mud, 811 ; 
pseudopodia of, 821; mode of life of, 
821 ; Wyville Thomson’s views on, 821 ; 
Ca^enter’s views on, 822 
Glohigerina bulloideSy 820 ; in the ‘ ooze,’ 
1086 

— conglohatay 821 

— ooze, 820, 1085 ; resemblance to chalk, 
1087 

— rubray colour of, 799 
Globigerine shell, sandy isomorph of, 

814 

Globigeriniddy 820 
Globule of Chara, 677, 678 
Globulites, 1096 
Glochidia of Anodon, 988 
Glcsocapady 647 ; as gonid of lichen, 651 
Glow-worm, 984 ; antennae of, 988 
-Glue and honey cement, 444 
Gluten of grass seeds, 725 
Glycerin, as preservative medium, 618, 
620 ; Hantzsch’s method, 620 ; Beale’s 
method, 620 


Glycerin-jelly, Lawrence’s mounting in, 
480, 519 ; solvent for CaCOs, 620 ; for 
mounting insects, 978 ; for mounting 
cartilage, 1047 
Glyciphagus Krameriy 1013 

— nalmifery 1008 

— platygastery 1013 

— plumigeVy 1008 ; hairs of, 1010 
Gnathostoinata (Crustacean), 965 7iote 
Goadby’s solution for mounting cartilage, 

1047 

Goes (Dr.', on affinity of Carpenteridy 828 
Goette, on development of Antedoriy 903 
Gold size, 443 

G o77ip}wne ?na, Btipe of, 588, 616; move- 
ments of, 602; attacked by VaMpyrellay 
730 

— geminaitimy 616; stipe of, 616 

— graciUy 621 

Gotnphonemecey characters of, 616 
Gonzaster equestris, spines of, 891 
Gonidial cells, 541 
I — fructification, 541 

— layer of lichens, 649 
Gonidiophores of Perono 82 )horecey 689 
Gonids, or non-sexual spores of Crypto- 
gams, 541 note\ of VaucJieriay 562; 
of Podospheniay 597 ; of FloridecCy6Sl ; 
of Fungi, 633 ; of Peronosporecey 689 

Goniocidaris florigeray spine of, 888 
Goniura, 545 

Gonothecce of Caiipanulariida, 870 
Gonozoid of hydroids, 808 ; of Syncoryney 
869; of Tubularin, 869 
Gonozoids of Sertulariiddy 870 
Gordius, 944, 945 
Gorgouidy spicules m, 929 

— giittata, spicules of, 880 
GorgonicBy 877 ; spicules of, in mud of 

Levant, 1085 

Goring (Dr.), on magnification of objects, 
43 

‘Gory dew,’ due to PalmeUa cruentay 
558 

Govi, on invention of microscope by 
Galileo, 120 

Graduated rotary stage, 395 
Grammatophora, chains of, 688, 607 

— angulosa, 620 

— marina, 607 

Grammatojihora para UelUy 620 

— serpentina y 607 

— subtilissima, 607 
Granite, 1095 

-r- fluid inclusions in, 1074 
Grantia, 857, 861 ; spicule of, 1086 
Grasses, nodes of, 701 ; silex in epiderm 
of, 715 ; palesB of, 715 ; seed of, 725 
Grasshopper, gizzard of, 993 ; wings of, 
' 999 

Green glass for softening light, 821, 417 
Greensands, microscopic constituents of, 
1090 

Gregarinuy characters of, 749; move- 
j ment of, 760 

I — gigantea, in lobster, 749 note 
— Scenuridisy 761 



INDEX 


1155 


GRE HET 


Gregarinida^ 749 1 

Gregory (J. W.), on Eozobn^ 848 'note 
Gregory (W.), on species of diatoms, 600 
'note 

Greville, on Spatangidium^ 610; on 
TriceratiU'}n, 618 note 
Grey matter, 1052 
Griffith’s turn-table, 451 
GHjffithsiaj 630 

Grinding sections of hard substances, 
506 

Grindl’s microscope, 132 
Gro7nia, 734-786, 796 

— and Arcella^ pseudopodia of, con- 
trasted, 746 

Ground-mass of rocks, 1072 
Groundsel, pollen-grains of, 722 
Growing slides, Botterill’s, 340 ; Mad- | 
dox’s, 841; Lewis’s, 841 j 

Guard-cells, 715 
‘Gulf- weed,’ 630 

Gum and glycerin, 520 ; and syrup, as a | 
preservative medium, 519 I 

— imbedding for vegetable substances, | 
614 

— arabic, formula, 445 ; for freezing, 505 

— resins, latex of, 695 

— • styrax, as a mounting medium, 621 ; 

index of refraction, 521 
G'lyges^ 545 
G'ljmnochroa^ 868 

GymnolcBmata, 909 > 

Gymnosperms, fossilised, 1084 1 

— generative apparatus in, compared 1 

with Cryptogams, 684 ‘ 

Gypainay 824 


H 

Haddon,on budding in Polyzoa^^Ql note 
Haeckel (E.), on Badiolariay 846 ; on 
Hydrozodii affinity of Ctenophoray 877 
note 

— and Hertwig, on classification of 
radiolarians, 849 7iote 

Hcemarncehidce, 752 and note 
Hcematococcusy red phase of Proto- 
eoccuSf 643 

— sanguineusy 568 
Htematoxylin, solutions, 491, 492 
HcernionitiSy sori of, 675 
Hcemosporidia, 749 

Haime (Jules), on development of Tri- 
choday 780 
‘ Hair-moss,’ 671 
‘ Hair-worm,’ 944 

Hairs of leaves, 714 ; of insects, 980 ; of 
AcarinOy 1010; of mammals, 1029 
Halicaridcey 1018 
Haliom^na Humboldtiiy 851 

— hystriXy 848 
Haliotis (diatom), 618 

— (mollusc), shell structure of, 928 ; 
palate of, 931 

Haliphysemay 814 ; sponge -spicules in, 


Haller, on auditory organs of Acarina, 
1010 

Halteres of DipterUy 1000 
Hand-magnifier, Brewster's, 37 
Hansgirg, on movement of Oscillato- 
riacecBy 548 

Hantzsch’s glycerin method for desmids, 
tm 

JSaplophragmiu'my 814 
— glooigenniformey 818 
Hardening agents, 484-487; corrosive 
sublimate, 484 ; alcohol, 484 ; osmic 
acid, 485 ; picric acid, 485 
Hardy’s flat bottle for collecting, 527 
HarpaluSy antennae of, 988 
Harting, on Janssen’s microscope, 120 ; 
his experiments on formation of con- 
cretions, 1101 

Hartnack, on immersion system, 27 
Hartnack’s model, 266 
Hartsoeker’s simple microscope, 134 ; his 
condenser, 184, 298 

‘ Hart’s-tongue,’ 675. Bee Scolopen- 
drinrn 

‘ Harvest^ug,’ 1013 . 

‘ Haus ’ of Appendiculariay 918 
Haustellate mouth, 992 
Haustellium, 992 
Haversian canals in bone, 1021 
Haycraft (J. B.), on structure of striated 
muscle fibre, 1049 

Hayes’s ether freezing microtome, 472; 
minimum thickness of sections there- 
with, 473 

Hazel, peculiar stem of, 704 ; pollen- 
grains of, 722 

Hearing, organs of, in Gastropodoy 941 ; 

in Cephalopoday 941 
Heart of ascidians, 912 ; of Acarinay 1011 
Heartsease, pollen-tubes of, 723 
, ‘ Heart-wood,’ 704 
j Heating-bath, Mayer’s, 463 
! Heliopeltay bS^y 

. Heliozoay characters of, 784 ; examples 
of, 787-742 

Helix pomatiay teeth of, 980 
— horteusiRy palate of, 930 
Heller’s porcelain cement, 621 
Helmholtz on aperture, 47 
! Hemiaater cavernosuay development of, 
900 'note 

Hemipteray eyes of, 987 ; wings of, 999 ; 

suctorial mouth of, 1000 
Hensen’s stripe, 1049 
HepaticcBy 666; thalloid, 668; foliose, 
668 ; elaters of, compared with spiral 
cells, &c., of pollen-rchamber, 720 
Herhivoray arrangement of enamel in 
teeth of, 1026 ; cement in teeth of, 1026 
Herring, scales of, 1028 
Herschelan doublet, 809 
Hertel’s compound microscope, 137, 139 
Hertwig’s research on Microgromiay 785 
note ; on Actiniay 877 note 
1 Heterocentrotusy spine of, 886 
j — mafmnilUituay spine of, 887 
i Heterocysts of NoatoCy 649 
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Hetercmita uncinata, life-history of, 760 
Heterostegina, 834 

Heurck (Van), on markings of diatoms, 
693 

Hexarthra, 792 

Hicks, on aancebiform phase of VolvoXf 
656; on preparation of insect antennse, 
989 note ; on structure of halteres and 
elytra, 1000 
Hmiantidium, 604 
Hipparchia janira^ eggs of, 1005 
HtppopuSy 613 
Hippothoa, 909 
Holland's triplet, 87 
Hollis’s liquid glue, 444 
Hollyhock, pollen-grains of, 721, 722 
Holothuria hotellus, plates of, 805 
— • eduUsy plates of, 895 

— inhabit is, plates of, 895 

— vagahunda, plates of, 895 
Holothuricp, diatoms in stomach of, 614, 

623 

Holothnrioide a, skeleton of, 894 ; pharyn- 
geal skeleton of, 895 note ; plates in 
skin of, 895 ; preparation of calcareous 
plates, 896 ; abbreviated development 
in, 900 note 

Holteyiid Cmpenten, 861 
Homeocladia, 602 

Homogeneous, word first applied to 
lenses, 30 

— immersion, 364 ; Abbe’s combination, 
865 

— immersion lenses of Powell and Lea- 
land, 80 ; of Zeiss, 29 

— objectives, value of, in study of monads, 
762 

— system, 28 

Honwptera, wings of, 998, 999 
Hood of mosses, 671 
Hoofs, 1029, 1083 

— sections of, mounting, 481 ; for polari- 
scope, 48l 

Hooke’s adoption of field-lens to eye- 
lens, 128, 876 

— compound microscope, 128 
Hooked monad, 760 

Hooker (J. D.), on diatoms of antarctic 
circle, 621 

Hooklets on wings of Hymenoptera, 999 
Hoplothora, 1012 

— maxillae of, 1010 

Hormogones of OscillatoriacecB, 547 ; of 
Bivulariacece, 548 ; of Scytonemacece, 
648 ; of Nostoc, 549 
Hormosma glohuUfera, 813, 815 

— Carpenteri, 815 
Hornblende, 1077 

— corroded ory stals of, 1072 ; pleochroism 
in, 1078 

Hornet, wing of, 999 ; sting of, 1003 
Homs, 1029, 1083 

Homy substances, chemical treatment 
of, 617 

Horse-tails,' 680. See Equisetacece 
Hosts of iiarasitic plants, 582 
House-fly. See Musca 


HYP 

Hudson, on the functions of contractile 
vesicle of rotifers, 789 note 
Hudson and Gosse, on classification of 
rotifers, 790 

Human blood-corpuscles, 1034 

— hair, 1031 

Husk of corn-grains, 725 
Huxley, on the ectosarc of Amoeba, 743 
note', on coccoliths, 747 ; on Bathybius, 
747 ; on Collozoa, 853 note ; on struc- 
ture of molluBcan shells, 922; on pul- 
villus of cockroach, 1000 note ; on agamic 
reproduction of Aphis, 1006 
Huxley’s simple dissecting microscope, 
261, 252 

Huyghenian eye-piece and spherical 
aberration, 42 

Hyacinth, raphides of, 696 ; cells of 
pollen- chambers, 720 ; pollen-grains of, 
722 

Hyaline shells of Foraminifera, 799 
Hyalinia cellaria, palate of, 981 
Hyalodisctis S2ibtilis, 608 
Hyaloplasm, 537 

Hydra, collecting, 527 ; intracellular 
digestion in, 863 ; thread-cells of, 864 ; 
structure of, 864 ; reproduction of, 866 ; 

■ gemmation of, 866 

— fusca, 863, 865 

— viridis, 863, 867 

— vulgar is, 863 

‘Hydra tuba’ of Chrysaora, 874, 876 
Hydrachnid (C, 1008 ; mandible of, 1009 ; 
eyes of, 1011; reproductive organs 
of, 1012 ; characters of, 1013 
Hydrangea, number of stomates in, 716 ; 

seeds of, 724 
Hydrodictyon, 557, 566 

— rettcidatum, 565 

Hy droid a, classification of, 868 
Hy droids, comxxiund, 867 ; structure of, 
867 et seq . ; Med usee of, 868 ; planulee 
of, 868, 871; habitats of, 871; ex- 
amination of, 871 ; mounting, 871 ; 
polariscope with, 872 ; preservation of, 
872 

Hydrophitus, antennee of, 987, 988 
Hydrozoa, 863-877 
Hydrozoa and marine mites, 1013 
Hyla, nerves of, 1054 
Hyynenium oi Ascomy cedes, 642 ; oiBasi- 
diomycetes, 647 ; of Hymenomycetes, 
648 

Hymenomycetes, 647 ; pileus of, 648 ; 
stipe of, 648 

Hymenoptera, 973; eyes of, 987; mouth- 
parts of, 990 ; wings of, 998 ; sting of, 
1002, 1008; ovipositor of, 1002, 1003 
Hyosryamus, spiral cells of pollen- 
chambers of, 720 ; seeds of, 724 
Hypericum, seeds of, 724 
Hyphee of fungi, 633 
Hypnospore of Hydrodictyon, 665 
Hypnospores, meaning of, 541 note 
Hypoblast, 726 note 
Hypopial stage of Tyroglyphidce, 1013 
Hypopus, 1013 
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‘ Ice-plant,’ epiderm of, 714 
IchneumonidcBy ovipositor of, 1003 
Illuminating power, 426 

— power of objectives, 54; compared 
with penetrating power, 393 

Illumination for dissection, 401 

— for opaque objects, 149 

— oblique, 190, 191, 388 

— of objects. Boss on, 300 ; monochro- 
matic, 821-323; Gifford’s screen for, 
321 ; Meithe’s filter for, 322 ; Nelson’s 
apparatus for, 323 ; by reflection, 829- 
888 ; opaque, 329 ; from the open sky, 
412 ; % diffused daylight, 412 ; for 
dark ground, 413 ; experiments in, 414 ; 
monochromatic, means of obtaining, 
417, 418 ; annular, 419 ; colour, 423 ; 
double, objects for study with, 423 ; 
with small cones, as cause of errors in 
interpretation, 427 

Illuminator, oblique, 190 ; white cloud, 
194 ; parabolic, 310-317 ; Swift’s sub- 
stage, 319; Smith’s vertical, 336; 
Powell and Lealand’s, 337 ; Beck’s, 
837 ; for examination of metals, 337 
Image, real, 14 7iote ; virtual, 14 7iote^ 376 ; 
conjugate, 24 ; inverted conjugate, 24 ; 
absorption or dioptrical, 64 ; diffrac- 
tion, 64; negative, 64; positive, 64; 
solid, 95; real object, 375; definition 
of, 382 ; formed by compound eye, 984, 
985 

Iniages, by diffraction, dioptric and 
interference, 72 

Imaginal discs in larva of blowfly, 1007 
Imbedding processes, 495-506 ; paper 
trays for, 497 ; in paraffin, metal case 
for, 498 ; orienting bottle for, 499 

paraffin method, 409-503 ; in gum, 

476, 506, 506; celloidin method, 603- 
505 

— by coagulation or freezing, 505, 506 
Immersion lenses and vertical illumina- 
tors, 837, 338 

homogeneous, outcome of Abbe's 

theory of diffraction, 364 
water, Zeiss’s, 870 

— Amici’s, 862 ; Powell and Lea- 

land’s, 362, 364 ; Prazmowski and Hart- 
nack’s, 862 ; Tolies’, 862 

— objectives, 28 ; examination of, 387 

— system, 27-29 ; invented by Amici, 
27 

Imperfect achromatism, cause of yellow- 
ness, 417 

* Impressionable organs ’ in Giliata^ 775 

Incidence, angle of, 3 

Incident ray, 2 

Incus of Hotifera^ 788 

Index eye-piece, 881 

— of visibility, 521 

Indian com, epiderm of, 712 ; stomates 
of, 715 

Indirect division of nucleus, 588 
Indusium in ferns, 676 


Inflection of diverging rays, 62 
Infusoria^ 754-785 ; as food of Actino- 
phrya, 789 ; Ehrenberg’s work on, 753 ; 
ciliate, 754, 772 ; unicellular nature of, 
755 note ; character of, 772 
Infusdrial earth, 607, 608, 611, 618, 617, 
620-622 ; from Barbadoes, 846, 849 
Injected preparations, 1061 
InoceramuSy portions of shell of, in chalk, 
1087 

Insects, 972-1007 

— mounting media for, 973 ; integument 
of, 974; tegumentary appendages of, 
974 ; scales of, 976-980 ; hairs of, 980 ; 
parts of head, 982 ; eyes, 982-987 ; 
antennae of, 987 ; mouth-parts of, 989 ; 
circulation of blood, 993 ; alimentary 
canal, 993; wings of, 994, 998-1000; 
tracheae of, 994 ; stigmata of, 995 ; 
sound-producing apparatus, 999 ; organ 
of smell, 1000; organ of taste, 1000; 
feet of, 1000-1002 ; stings of, 1002, 
1003 ; ovipositors of, 1002, 1003 ; eggs 
of, 1004 ; agamic reproduction of, 1006 ; 
embryonic development of, 1007 ; 
‘liver’ of, 1047 

— > parasitic fungi in, 642, 645 

— parts of, wooden slides for mounting, 
450 

Insect work, dark-ground illumination 
for, 423 ; polarised light for, 423 
Integument of insects, 974 ; of Acarina^ 
1010 

Integuments of ovule, 685 
Intensity of light, necessaries for, 417 
Intercellular substance, 1019; in carti- 
lage, 1046 

Intercostal points, Stephenson on, 78 ; 

not revelation of real structure, 73 
Interference, 62 

— image, 72 

Intermediate skeleton in Foraminifera^ 
801 ; of Glohigenmday 820 ; of Galca- 
rina, 825; of Bofaiia, 825 ; of Nummu- 
lites. 826 ; of EozoOn^ 839 
Internal casts of Textularia^ 823; of 
Itotalia^ 824 ; of Eozodiiy 840 ; of wood, 
1083 ; of shells in greensand, 1090 
Interpretation, errors of, 427 
‘ Interseptal canals ’ of Calcarumy 830 
Intestine, cells of villi in, 1044 
Intine of pollen-grains, 720 
Intracellular digestion in zoophytes, 863 
Intussusception, 533 

— mode of growth of starch, 694 
Invagination, 726 

Invertebrata, blood corpuscles of, 1088 
Inverted conjugate image, 24 
Iodine, as a test for starch, &c., 516 
Ipomvea purpurea y pollen-grains of, 721 
Indescent scales of insects, 975 
Jm, epiderm of, 712 ; leaves of, 717 ; cells 
of pollen-chambers, 720 
Iris-maphragm, 297, 813 ; fitted to Abbe’s 
condenser, 812 

Iris germanicay epiderm and stomates of, 
715, 716 
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Irrationality of spectrum, 19, 365 
Isochelse of sponges, 860 
IsoetecCj 682 
Isotropism, 1079 

Isthmiaf chains and frustules of, 588, 612 ; 
structure of frustules, 590 note ; divi- 
sion of, 596 

— nervosUy 618 

— areolations in, 692 
Italian reed, stem of, 699 
‘Itch-mites,’ 1013 
Ivory, 1024 

Ixodes^ heart of, 1011 
Ixodidce^ 1008 ; integument of, 1010 ; 
. auditory organ, 1011 ; tracheae of, 1011 ; 
characters of, 1012 


J 

Jackson’s modification of Eo&s model, 
199 ; his eye-piece micrometer, 276 
Janssen (H. and J.), inventors of first 
microscope, 120 ; their compound 
microscope, 120 

Jars, capped, for Canada balsam, 477 
Jelly-fish. Acaleplim and Medusce 
Jones’s compound microscope, 144, 145 
Jungerrnannia^ 668 
Jung’s (Thoma’s) microtome, 461-460 


K 

Kaolin, 1076 

Karop, his fine adjustment to sub-stage, 
187 

Karop and Nelson on fine structure of 
diatoms, 591 note 
Karyokinesis in monads, 763 
Kellner’s eye-piece, 42, 376; as a con- 
denser, 196 

Kent (Saville), on contractile vacuoles of 
VolvoXy 652 note ; on Flagellata, 764 
Keplerian telescope, Drebbel’s modifica- 
tion as a microscope, 121 
Keramosplicera Murray 810 note 
Keratose network of sponges, 855 ; pre- 
paration of, 857 
Kidneys of Vertehrata^ 1047 
King-crab, 967 

Kirchner, on the oospores of Volvox^ 
566 

Klebahn, on formation of auxospores of 
diatoms, 601 

Klebs, on mucilaginous sheath of des- 
mids, 680 ; on movement of desmids, 
580 , 

— and Biitschli, on the ‘ cilia ’ of Dino^ 
Jiagellata^ 770 
Klein, on VolvoXy 566 7iote 
Knife, special, for microtome, 462 
Koch’s method of sectionising corals, 
878 

Kowalevsky, on development of ascidians, 
917 note 

Krukenberg,on digestion in sea-anemones, 
863 


LEQ 

KiitzingjOn Palmodictyon^ 569 ; on struc- 
ture of frustules of diatoms, 690 ; his 
classification of diatoms, 603 


L 

Labarraque’s fluid for bleaching vege- 
table substance, 614 
Labels, permanent, 528 
Labyrinthic structure of Cyclammhiay 
816 ; of Parkeriay 818 
LahyrintJiodoUy tooth of, 1091 
Lacunae and canaliculi of bone, misinter- 
pretation of, 428 

— of bone, 1019-1022 ; dimensions of, in 
various animals, 1022 

— relation of size to that of blood cor- 
puscle, 1022 

LagenUy 796, 819 
Lageniday 819 
Lagunculuy 906, 908, 950 

— stolon of, 904 ; polypides of, compared 
with Clavellinidce, 914 

— rejpenSy anatomy of, 904, 905 
‘ Lamellae ’ of corals, 878 

— of HymenomyceteSy 648 

La^nellihranchiatay shell of, 919 
LamelUccn'niay antennae of, 988 
Laminaruiy 626, 627 • 

LaminariacecBy 627 

Lamnoy tooth of, 1024 
Lamp, Nelson’s, 404 ; Beck’s 406 ; 
Baker’s, 407 

Lampyrisy antennae of, 988 

— s^endidnloy photograph through eye 
of, 984 

Land- crab, young of, 969 
Lankester (E. Kay), on Bacteria y 652 ; on 
movement of gregarines, 750 ; on 
Hceniamoehidcey 752 note'y on intra- 
cellular digestion in LirmiocodiiuHy 
863 

Lantern-flies, wings of, 999 
Lapis lazuli, 1095 

Larva of Echinodermatay 896 ; of .4s- 
teroidea, 898 ; of Echinoideay 898 ; of 
Ophiuroideay 898 ; of CrinoideOy 900 ; 
of ascidians, 916 ; of fly, 1007 ; of 
Acarinuy 1009 
Latex of Phanerogams, 696 
Lathrcea sqiianiariay embryo of, 723 
Laticiferous tubes, free-cell formation in, 
534 

— tissue of Phanerogams, 695 
Laurentian rocks, 837, 842 

‘ Laver,’ or green seaweed, 659 
Lawrence’s glycerin jelly, 619 
Leaves, epiderm of, 712 ; internal struc- 
ture of, 716 ; mode of preparation for 
examination of, 718 
Leech, 966 

Leeuwenhoek’s simple microscope, 182 
Legg’s method of selecting Forammiferay 
844 

Legs of insects, 1000, 1002 ; of Acarhuiy 
1008, 1010 
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Legwriiiiosce^ seeds of, 685 
Leiosoma palmacinctum^ 1008 ; hairs of, 
1010 

Leitz’s microscopes, 206, 227 

— bull’s eye, 830 

— objectives, 374 

Lens, spherical, 12; biconvex, 12, 13; 
plano-concave, 13; diverging meniscus, 
13 ; plano-convex, 18, 15, 22, 37 ; con- 
verging meniscus, 13 ; biconcave, 13 ; 
plano-convex, focal length of, 15 ; 
crossed biconcave, 16; crossed bicon- 
vex, 16 ; equiconvex, 16, 22 ; Stanhope, 
37 ; Coddmgton, 87 ; Briicke, 88 

— from Sargon’s palace, 119 

— invention of, 119, 120 

— achromatic, Charles’s, 148 ; Barlow’s, 
149 

Lenses, refraction by, 10, 25 

— homogeneous immersion, of Powell 
and Lealand, 80 ; of Zeiss, 29 

— fluorite ; for apochromatic objectives, 
85 

— combination of, 37 

— resolving power of, 64, 382 ; amplify- 
ing power of, 25, 26 

— testing by Diatoms, 389 
Lepadidce, 967 
Lepidiiun, seeds of, 724 
Lepidocyrtus curvicolhs, scales of, 979 
Lepidodendra, 1084 
Lepidoptera, scales of, 975, 976 ; wings 

of, 981, 999 ; scales of, mounting, 981, 
982 ; eyes of, 987 ; antennce of, 988 ; 
mouth-parts, 992 ; eggs of, 1005 
Lepidosteus, bony scale of, 1022, 1028 
Lepidostrohi, 682 

Lepuma saccharina, scales of, 976, 977 
Lepismidce, 979 

Lepralia, 909 ; mode of growth in, 904 ; 
extension of perivisceral cavity of, 
927 

Leptodisciis (ally of Noctiluca), 769 ?iote 
Leptogonium scotiniim, 649 
Leptothrix, form of, 653 
Leptus autamnalis, 1018 
Lem<xa, 965 note, 966 
Lessonia, 627 

Lettuce, laticiferous tissue, 695 
Leucite, mineral inclusions in, 1075; 
anomalies in, 1078 

Lever of contact, Ross’s, for testing 
covers, 440 

LihelUda, eye of, 983, 987; respiratory 
apparatus of larva, 997; wings of, 
998 

Liber, or inner bark, 708 
Lichens, 648-651 ; fungus-constituents 
of, 651 

Licmophora, stipe of, 588, 604 ; flabella 
oL 605 

— fiab^llaia, 588, 604 
Licnwphorece, 616 

— characters of, 604 ; vittse of, 604 
Lieberkuehnia, movement of, 732 
— jj^ludoaa, 738 

— Wagneri, 731 
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Lieberkiihn’s microscope, 139 ; his specu- 
lum, 334-336 

‘Ligamentum nuchas,’ structure of, 1040 
Light; refraction of, 2; recomposition 
of, by prisms, 18 ; convergence of, 18 ; 
path 01 , through compound microscope, 
40; quantity of, 60, 51, 54; emission, 
of, 51, 64 ; quantity of, and aperture, 
64 note ; cone of, 190 ; monochromatic, 
321, 417, 418 ; intensity of, necessaries 
for, 416 

— convergent, in petrology, 1070, 1078 
Lignified tissue, test for, 617 
Lignites, 1083 

Lignum vitce, wood of, 704 
Luac, pith of, 687 

Lilium, experiments with pollen-grains 
of, 721 

‘ Lily-stars,* 900. See Crinoidea 
Limax maximus, palate of, 930 

— shell of, imitated, 1102 

— rufus, shell structure of, 928 
Lime, raphides of, 696 

— secreting Algae, 1084 
Limestone, metamorphism of, 1077 

— rocks, 1084, 1085 

Limnceus stagnalia^ nidamentum of, 
984 ; velum of, 936 
Limnocaridce, characters of, 1013 
Limnocharis, seeds of, 724 
Limnocodium, intracellular digestion in, 
868 

Limpet. See Patella 
Limulus, 957 
Linaria, seeds of, 724 
Lister’s struts for support of body, 149 ; 
his influence on improvement of Eng- 
lish achromatic object-glasses, 160 ; 
his zoophyte trough, 348 ; his discovery 
of two aplanatic foci, 355 ; his note on 
Chevalier’s objectives, 355 ; his influ- 
ence on microscopical optics, 356 ; his 
triple-front combination, 860 
Listrophorus, 1008 
Lithasteriscus radiatus, 620 
Lithistid sponges, spicules of, 859 
Lithocyclia ocellus, 847 
Lithotnamnion, 1084 
Lituola, 814 

Lituolce, large fossil forms of, 816 

Lituolida, 814 

Live-box, 346 

Liver, 1047 

Liver-cells, 1048 

‘ Liverworts,’ 665. See Hepaticce 
Loboaa, characters of, 734 ; examples of, 
742-747 

Lobster, 967 ; metamorphosis of, 969 
‘Lob worm,* 948 
Loculi, of anthers, 720 
Locust, gizzard of, 993; ovipositors of, 
1004 

Loemta, eye of, 987 
Loftusia, 818 

Loligo, pigment-cells of, 942 
Lomas (J.), on calcareous spicules in 
Alcyonidium, 908 note 
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‘ London Pride,’ parenchyme of, 688 
Longicomiaj antennse of, 988 
Longulites, 1096 

Lophophore of Polyzoa, 905, 950 ; of 
fresh-water Polyzoa, 909 
Isophopm^ collecting, 528 
Ziophospermum emhescens^ winged seed 
of, 724 

Lophyropoda^ 959 

Lorica of Giliata, 773 ; of Acinetay 788 ; 

of Rotiferay 787 
Loup-holders, 248 

— for tank Work, Steinheil’s, 268 
Loups, Reichert’s, 38 ; Steinheil’sjSB, 878 ; 

Steinheil’s aplanatic, 248 ; Zeiss’s, 268 
Louse, mounting media for, 978 
Loven, on classificatory value of palates 
in Gastrovoday 932 
Loxosomay lophophore of, 909 
Lubbock, on Thysanuray 977 ; on Podura 
scale, 979 

LucanuSy eye of, 987 ; antennae of, 988 
Luminosity of Noctilncay 765; of Cteno- 
phoray 883 ; of annelids, 955 
Lungs, circulation in, 1056, 1062-1065 
Lychnis y seeds of, 724 
Lychnocamum falpiferumy 847 

— lucernay 847 

Lycoperdony 647 ; hymenium of, 647 

LycopodiacecBy 681 ; in coal, 1084 

Lycopodiecey 681 

Lymtnasy collecting, 527 

Lymph, corpuscles, 1087 

Lysigenous spaces in Phanerogams, 688 


M 

Maceration of vegetable tissues, 700 ; 

Schultz’s method, 700 
Machilis polypoda, scale of, 978 
Machines for cutting hard sections, 511, 
512 

Macrocystis, 627 

Macrospores of Polytoma, 760; of 
sponges, 857 

Macrurous Decapoda, young of, 969, 970 
Madder, cells of pollen-chambers, 720 
* Mskdrey* Acanthotnetray occurring in, 852 
Madrepores, 878 
Magma, 1078 
Magnetite, 1072 

Magnification, range of, of Selligue’s 
microscope, 149 

Magnifying power, testing of objectives, 
425 ; determination of, 288 
Mahogany, size of ducts of, 699 ; stem of, 
706 

MalacostracUy 968 
‘ Male ’ plants of Polytrichuniy 671 
Mallei of Rotiferay 788 
Mallow, pollen-grains of, 721, 722 
Malpighian vessel of OamasidtBy 1011 
— layer of skin in mammals, 1042 
bodies in vertebrate kidney, 1047 
Maltwood’s finder, 296 
Malva sylveatriSy pollen-grains of, 721 
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MalvacecBy pollen-grains of, 721 
Mammalia: lacunsB in bones of, 1022; 
plates in skin of, 1026 ; epidermic ap- 
pendages of, 1029 ; red blood-corpuscles 
of, 1084, 1085 ; epidermis of, 1042 ; 
muscle fibre of, 1049 ; lungs of, 1065 
Mammary glands, 1047 
Man, arrangement of enamel in teeth of, 
1025 ; cement in teeth of, 1026 ; hair of, 
1031 ; muscle fibre of, 1049 ; lung of, 
1065 

Mandibulate mouth, 989 
Manganese concretions, 1090 
‘ Mantle ’ and growth of shell in Molluscay 
925 

Marchantiay 665-668 ; archegones of, 665, 
668 ; stomates of, 666 ; elaters of, 668 

— androgynay 665 note 

— polyrnorphay 665-668 
Margariiacece, 919 ; nacreous layer of, 

922 ; prismatic layer of, 928 
Margarites, 1096 

‘ Marginal cord ’ of Operculina, 880 

— of NmnmuliteSy 834 
Marine forms, collecting, 528 

— glue for forming ‘ cells,’ 445 

— mites, 1013 

— work, tow-net for, 528 ; dredge for, 528 ; 
stick-net for, 629 

Marshall’s compound microscope, 186, 
136, 138, 139 

Marstpella elongata, 818 
Martin’s ‘ pocket ’ reflecting microscope, 
140; his large microscope, 140; his 
improvement's in optical and mechani- 
cal arrangements, 142 ; his achromatic 
microscope, 147 ; his reflecting micro- 
scope, 147; his achromatic objective, 147 
Marzoli’s achromatic lenses, 358 
Maaonella, 811 
Mastax of Rotifera, 787 
Mastigophora Hyndmanni, 906 
Mastogluia, stipe of, 688, 619 ; gelatinous 
sheath of, 688, 619 ; development of, 
597 ; range of variation in, 618 

— lanceolata, 619 

— Smithiiy 619 

Matthews’s method of sectionising hard 
substances, 507 

May all, on history of microscope, 117 ; 

on Divmi’s microscope, 130 
May air 8 removable mechanical stage, 183 
Mayer’s heating bath, 458 
I ‘ Meadow-brown,’ eggs of, 1005 
‘ Measly pork,’ due to Cysticercua, 944 
‘ Mechanical finger’ for selecting di- 
atoms, 625 

— movements of the stage in Lister’s 
(Tully’s) microscope, 149 

— stage, 176 

Turrell’s, 176 ; Watson’s, 177 ; 

Nelson’s, 179, 181; Zeiss’s, 179, 188; 
Swift’s, 180 ; Allen’s, 180 ; Mayall’s re- 
movable, 188 ; Reichert’s, 188 ; Bausph 
and Lomb’s, 188, 184 ; Beck’s, 184 
Continental, 179 

— tube-length of microscope, 168 
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Medullary rays, 706 

in dicotyledons, 702 

* Medullary sheath ’ of Exogens, 698 ; of 
dicotyledons, 703 
Medusa of fresh-water, 868 
Medusa^ mounting, 448 j of Hydroids, 
868; naked-eyed, 868; development 
of, 874 ; alternation of generations in, 
877 ; nerves of, 1052 
Medusoids, collecting, 529 
Megalopa, 970 
Megaloscleres, 869 

Megasphere of certain Fomminifera, 
802 

Megaspores of Fhizocarpece^ 681 ; of 
carboniferous trees, 682; of Isoetece^ 
682 ; of SelaginellecBy 682 
Megatherium^ teeth of, 1026 
Megatricha of Ehrenberg, a phase in 
development of Suctoria^ 785 ; Badcock 
on, 785 

Megazobspores of Ulothrix^ 557 ; of Ulva^ 
561 ; of Scenedesmus, 566 
Megerlia lima^ shell of, 927 
Metanoaporece^ 625 
Meleagrtna, 919, 922 

— margaritiferaj 923 

Melicertay collecting, 527 ; m confine- 
ment, 628 
MeUcertidcSy 791 

MelolonthUy eye of, 987 ; antennas of, 
988 ; spiracle of larva, 996 

— vulgariSy eye of, 988 

Melostray frustules of, 588, 594 ; auxo- 
spores of, 695, 600 ; sporules of, 597 ; 
zygospore of, 600 

— ochraceay 608 

— sub/lexilis, 694, 695 

— varianSy 594, 595 ; endochrome of, 
598 

MelosirecCy characters of, 608; resem- 
blance to Confervacecey 608 
Membrana putaminis, 1082 
Memhraniporay 908, 909 
Memhrayiiporidcey 908 
Mercury nitrate as a test for albuminous 
substances, 517 
MeridiecBy 604, 616 

— characters of, 604 
Meridian circularey 688, 604 
Meriarnopediay 647 

‘ Mermaid’s fingers,’ 879. See Alcyo- 
nium 

Mesembrganthemu7}iy seeds of, 724 

— cryatallinumy epiderm of, 714 
Afesocarjows, conjugation of, 549; zygo* 

spore of, 660 

Mesogloea of HydrUy &o., 864 note 
Mesophloeum, 708 
Metal case for imbedding, 498 
Metamorphisra, dynamic, 1077 
Metarnorphism of rock-masses, 1076, 
1077 ; of limestones, 1090 
Metamorphosis of Lemcea, 966; of 
Cirripediaf 967 ; of Malacostracay 
969 

Metazoa, 727, 855 


I Meteorites in oceanic sediments, 1098 
' Metschnikoff, on acinetan- character of 
ErythropsiSy 776 ; on intracellular di- 
gestion, 863 ; on phagocytes, 1037 note 
Mica, 1077 

Michael’s (A.) opalescent mirror, 194 
Micraateriaa denticulatuy binary divi- 
sion of, 588 ; form of cell of, 686 
Micro-chemical analysis, 1102 

— method of, 1102 

Micro-chemistry in pet^rology, 1082, 1088 ; 

of poisons, 1108 
Micrococciy form of, 663 
j Microcysts of MyxomyceteSy 636 
Microgrmnia aocialiSy 785 
Microlites, 1072 ; *in glass- cavities, 1074 
Micrometer, Cuff’s, 142 

— use of, 274 

— eye-piece, 271 

j Nelson’s new, 271, 272, 273 ; Zeiss’s, 

i 272; Jackson’s, 276 
I Micrometers, 270-277 
Micrometry by photo-micrography, 277 
Micron, a, 82 notey 460 
Micro-petrology, 1066 
‘ Microplasts ’ of Bacterium rubeacens, 
660 7iote 

Micropyle in ovule, 685 ; of Euphrasia, 
723 ; in orchids, &c., 723 
I Microscleres, 859, 860 

Microscope, Mayall on the, 117 ; history 
and evolution of the, 117-269 ; inven- 
tion of, 120 ; inventor of the name, 124 ; 
essentials in, 157-194 ; adjustments in, 
159-175 ; stage of, 176-184 ; sub-stage 
of, 184-191 ; mirror of, 191-194 ; desi- 
! derata in, 261-263 ; preservation of, 
486 

— Galileo’s, 127 ; Campani’s, 128 ; Prit- 
chard’s, with Continental fine adjust- 
ment, 153; Ross’s ‘Lister’ model, 
153 ; Powell’s (H.), 155 ; Janies 
Smith’s, 165 

' — achromatic, Euler on, 147 ; Martin’s, 
i 147 ; Chevalier’s, 148, 160 ; Selligue’s, 
148; Tully’s, 149; Ross’s early form 
' of, 162 

; — aquarium, 266-269 

— binocular, Riddell’s, 97 ; Nachet’s, 
98; Wenham’s stereoscopic, 98; Ste- 
phenson’s, 100, 248, 455 ; Greenough’s, 
102,250; Powell and Lealand’s, 106; 
Cherubin d’OrUans’, 180; Boss’s, 196; 
Ross-Zentmayer’s, 199 ; Rousselet’s, 
246 ; Sorby’s spectrum, 327 

— chemical, Bausch and bomb’s, 268, 264 

— compound, 36, 89—42, 120, 126 ; con- 
struction of, 89 ; path of light through, 
40; Rezzi on invention of, 126 ; Jans- 
sen’s, 120 ; Hooke’s, 128 ; de Mon- 
cony’s, 128; Divini’s, 129; Marshall’s, 
135; Hertel’s, 189; Joblot’s, 139; Cul- 
peper and Scarlet’s, 140; Martin’s, 
140; Adams’s variable, 142, 148; 
Jones’s, 144, 148 

— comparison of English and Conti- 
nental models, 264-261 
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Microscope, concentric, 191, 199 

— dissecting, Greenough’s, 102, 250;'' 
Stephenson’s binocular, 248; Baker’s 
(Huxley’s), 251 ; Bausch and Lomb’s 
(Barnes), 252; Zeiss’s, 258 

— horizontal, Bonannus’s, 184 ; Amici’s, 
148 

— petrological, 1068 

— photographic, 257, 258 

— radial, 191, 199 ; Ross-Wenham’s, 199 

— reflecting, Newton’s, 132 ; Martin’s, 
140, 147 ; Smith’s, 145 

— simple, 86, 126, 248 ; path of light 
through, 25; inventor of, 126 ; Bacon’s, 
126; Descartes’, 126; Bonannus’s, 132; 
Muschenbroek’s, 132 ; Leeuwenhoek’s, 
182 ; Hartsoeker’s, 134 ; Wilson’s, 140 

— spectrum binocular, 327 

— three great types of, 174, 199 

Microscopes, for chemical purposes, 268, 

264 

— for examination of metals, 264-266 

— modem, 194-269 ; Powell and Lea- 
land’s, 194, 218, 237 ; Ross’s, 196, 280 ; 
Watson’s, 199, 218, 224, 234, 237; 
Baker’s, 202, 218, 230 ; Swift’s, 203, 
224, 228, 283, 1068; Leitz’s, 200, 287; 
Reichert’s, 206, 224, 241, 242, 264; 
Zeiss’s, 206, 237, 250; Bausch and 
Lomb’s, 212, 222, 239, 252, 263 ; Spen- 
cer Lens Company’s, 214 ; Beck’s, 228, 
283 

— portable, 245-247; Powell and Lea- 
land’s, 245; Swift’s, 245; Rousselet’s, 
245; Baker’s, 246; Bausch and Lomb’s, 
247 

Microscopic and macroscopic vision, 62 

— determination of geological formations, 
1090 

— dissection, single lenses for, 38 

— investigation of rocks, <fec., 1066 

— vision, principles of, 43 

Microscopical optics, principles of, 1 

Microscopist’s work-table, 898-403 

Microscopy, definition of, 397 

Microsomes, 531, 587 

Micro - spectroscope, Sorby - Browning, 
828-827; Swift’s, 825 note] Hilger’s, 
825 note 

method of using, 328 ; in petrology, 
1088 

Microsphere of certain jPorawin^/cra, 802 

Microspores of SphagnacecBy 674 ; of 
MhizocarpecBy 681 ; in carboniferous 
trees, 682 ; of IsoetecBy 682 ; of Selagi- 
nellecBy 682; of PolytomUy 760; of 
sponges, 857 

Microtome, 458-475 ; Ryder’s, 401 ; sim- 
ple, 468-460; Thoma’s (Jung’s), 461- 
469; freezing apparatus for, 467; ML 
not’s, 472; Strasser’s, 472 ; Gudden’s, 
472 

— Cambridge rocking, 469-472 ; advan- 
tages of, 472 

— freezing, Hayes’s, 472 ; minimum 
thickness of sections with, 478 ; Cath- 
cart’s, 474 


Microzobspores of XJlothriXy 557 ; of 
Ulva^ 661 ; of Hydrodictyoiiy 665 
‘ Mildew,’ 637. See Uredinecc 
Miliolay shell of, 799; encrusted with 
sand, 810 
MiliolcSy 802 

Miliolidaf 801 ; in limestone, 1090 
MilioUnay 802 

, Milioline Foraminiferay fossils of, 801 

I Miliolite limestone, 1090 
Millepore, resemblance of Folytrenm to, 
824 

Millon’s test for albuminous substances,. 
517 

Mineral nature of EozoOn, 848 

— sections, where to get made, 1067 
Minerals and rocks, bibliography of, 1071 

note 

— optic axes of, 1079 

— refractive index of, 1080 

— chemical, spectroscopic and micro- 
scopic testing of, 1078-1083 

Minnow, circulation in tail of, 1057 

I Mirror, 191-194 

i — opalescent, as a substitute for polaris- 
ing prism, 194 

— replaced by rectangular prism, 192 
Mites, 1008. See Acariiia 
MbbiuSjOn mineral nature of EozootiyBi^ 
Mohl (Von), on protoplasm, 680 note 
Moist-stage, Dallinger and Drysdale’s, 

841-344 

Molecular coalescence, 1099-1102 
Molgula, development of, 917 
Mollusca, larvae of, collecting, 629 

— shells of, 919 ; shell-structure of, 919- 
926 ; colour of shell, 921 ; mantle and 
shell-growth, 926 ; palate of, 930 ; de- 
velopment of, 938 ; ciliation of gills, 
940 ; organs of sense in, 940 ; biblio- 
graphy, 942 ; resemblance of barnacles 
to, 967 ; * liver ’ of, 1047 ; muscle fibre of, 
1050 ; internal casts of, 1090 ; concre- 
tionary spheroids in shells of, 1100 

I Molluscan shells in mud of Levant, 1085 
Monad-form of Microgromia , 737 
MonadincBy life-histories of, 765-763; 
saprophytic, affinities of, 766; effect 
of temperature on, 761 ; nucleus in, 762 
Monads, 755. See Monadince 
MonaSy 676 

— Dallingeri, life-history of, 756 

— lenSy 756 

Monaxonida, spicules of, 859 
Monazite, 1081 

Monconys (De) devises microscope with 
field-lens, 128 
Mmieroeoa, 727-788 
MonocauluSy 871 

Monochromatic light, 821, 417, 481 

— illumination, means of obtaining, 417, 
418 

Monocotyledons, 700; stem of, 700; 

nodes of, 701 ; epiderm of, 712 
Monocotyledonous stem, fossilised, 1088 
Monocular, Powell and Lealand’s, 194, 
196 
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Monocystia agilia, cyst of, 760 
Monophyea, digestion in, 868 note 
Monoaiga, fission of, 764 
Monothalamous Foraminifera^ 796 
Monotropa^ seeds of, 724 
Moracece, laticiferous tissue of, 695 
Mordella beetle, eye of, facets in, 983 
Mor7no, scales of, 980 
Morpho Menelaua^ scales of, 976 
Morula of higher animals compared with 
‘ multicellular ’ Protozoa^ 726 
Morula of Gaatropoda^ 936 
Moseley (H. N.', on skeleton of pharynx 
of holothurian, 895 note ; on Chito^i*8 
eyes, 941 
Mosses, 669-674 

— capsules of, wooden slides for mount- 
ing, 450 

‘Mother-of-pearl,’ 922 
Moths. See Lepidoptera 
Motion, spiral, 433, 434 
Motor nerves, 1053 
Motorial end-plates, 1053 
‘ Moulds,* 640, 643 
Moults of Entomoatraca^ 964, 965 
‘ Mountain-flour,’ 622 
Mounted objects, keeping, 523 ; labelling, 
623 ; arrangement of, 524 
Mounting plate, 452 

— instrument, James Smith’s, 454 

— thin sections, 477 

— in natural balsam, 480 ; in aqueous 
liquids, 481 ; in deep cells, 482 

— diatoms, 481, 624 ; Ophiuriday 481 ; 
Folycyatincs, 481 ; sponge-spicules, 
481 ; chitinous substances, 481 ; palates 
of gastropods, 481 ; sections of horns, 
(fee., 481 ; Lepidoptera scales, 982 ; 
hairs of insects, 982 ; eyes of insects, 
986 ; blood, 1088 

— media, 517-522 ; camphor water, 518 ; 
salt solution, 619 ; white of egg, 619 ; 
syrup, 619 ; Ripart and Petit’s fluid, 519 ; 
glucose media, 519 ; chloral hydrate, 
519 ; gum and sj-^rup, 519 ; glycerin 
jelly, 519; Farrant’s medium, 620; 
glycerin and mixtures of, 520 ; Canada 
balsam, 521 ; Dammar, 521 ; Styrax, 
621 ; monobromide of naphthalin, 521 ; 
phosphorus, 621 

Mouse, hair of, 1030-1081 ; cartilage in 
ear of, 1046 

Mouse’s intestine, villi of, 1062 
Mouth, suctorial, of Heinipteray 999 

— of Acarinay 1009 
Mouth-parts of insects, 989 
Movement, interpretation of, 481-434 

— of Lieberkuehniay 782 ; of Ajnaebaj 
744; of Dallingeriay 758; of plana- 
rians, 946 ; of Artemiay 960 ; of Bran- 
cliipua, 960 ; of fly on smooth surface, 
1001 ; of white corpuscles, 1087 ; of con- 
nective tipue corpuscles, 1041 ; of 
OacillatoriacecBy 647 ; of desmids, 680 ; 
of diatoms, 601; of Bacteriay 662; of 
Ciliatay 774 

Mucilaginous sheath of desmids, 580 


MTX 

^MucoTy fermentation by, 647 

— mucedoy 641 

Mucorvfiiy 640 ; spores of, 640 ; epispores 
of, 642 

Mucous membrane, 1041 ; capillaries in, 
1062 

Mud of Levant, microscopic constituents 
of, 1085 

Mulberry, laticiferous tissue of, 696 
Mulberry-mass, 726 

Miiller (J.), on the Radiolariay 846 ; on 
larva of Nemertines, 951 
Muller’s (Fr.) ‘Common Nervous Sys- 
tem ' in Polyzoay 907 and note 
Multicellular organisms, 726 
Multiplication of Palmogloeay 641 ; of 
Protococ,cu8y 543 ; of VolvoXy 666 ; of 
Palmellay 558; of Bacteriay 652; of 
Microgronnay 786 ; of Amcebay 744 ; 
of Dallingeritty 758; of Heteromitay 
760; of Tetramitmy 760; of Noctilucay 
769; of Peridiniuniy 770; of Suctoriay 
784 ; of Ctliatay 111 
Multiplying power of eye -piece, 290 
Munier Chalmas and Schlumberger, on 
dimorphism of Foraminiferay 802 
Munier-Charles, on certain fossil Fora- 
imniferUy 564 

Muricea elongatUy sincules of, 880 
MuacUy eye of, 987 ; antennae of, 988 

— vomitoriay eggs of, 1006 
‘ Muscardine,’ 645 
Muaci, 670-674 
MuacinecBy 673 
Muscle-cells, 1051 

Muscular fibre, 1048 ; structure of, 1049 ; 

capillary network m, 1062 
Muscular tissue, preparation of, 1050 
Mushroom, 647 

— spawn of, 647 
Musk-deer, hair of, 1080 
Musschenbroek’s simple microscope, 132 
Mussels. See Unionidee and Mytilacece 
My a arena riay hinge tooth of, 924 
Mycele of Fungiy 683 ; of Vatilagi7ieee,GS& 
Mycetozoa, 634 

Myliobateay t<X)th of, 1025 

Myobioy 1008; legs of, 1010; maxillae of, 

iolo 

MyobiidcBy 1013 
Muocopteay legs of, 1010 
‘ Myophan-layer ’ of Vorticellay 773 
Myo^y, 118 

Myriophylluni a good weed to collect, 527 
Myriopoda, hairs of, 980 
Myriothelay intracellular digestion in, 
863 

MytilacecBy sub-nacreous layer in, 924 
Mytilu8y for observation of ciliary motion, 
940 

Myxamoabce, 634 
Myxogaatreay 684 

Myxmnycetedy 679 nofe, 684; develop- 
ment of, 684, 686 ; spores of, . 634, 686 ; 
swarm-spores of, 684 ; affinity with 
Monerozoay 727 
Myxoaporidiay 749, 762 
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Nachet, on * immersion system,’ 27 ; his 
binocular, 97, 98, 99; his changing 
nose-piece, 298 

Nacreous layer in molluscan shells, 919, 
922, 924 

Naegeli and Schwendener, on microscopi- 
cal optics, 67 

Nageli’s theory of formation of starch, 
695 

Nails, 1029, 1033 
Nais, 955 

Naphthalin, monobromide of, as a mount- 
ing medium, 521 ; refractive index of, 
521 

Narcissus, spiral cells of i)ollen-chamber8 
in, 720 

Nassula, mouth of, 774 
Nauplius, compared with Pedalionidce, 
792 

Nautiloid shell of Foraminifera, 797 
Nautilus, 929 

Navicula, 690, 697, 617 ; markings on, 
598 ; cysts of, 697 ; zygospores of, 597 ; 
zoozygospores of, 597 

— bi/rofis, presumed relation to Suri- 
retla microcora, 602 note 

— in chalk, 1087 

— lyra, as test for definition, 426 

— rhomboides, markings on, 592 ; as test 
for definition, 426 

Naviculece, frustule of, 589 ; ostioles in, 
590 

— characters of, 616 
Nebalia, carapace of, 962 

Needles for dissection, their mode of use, 
457 

Negative aberration, 27, 360 note 

— crystals, 1074 

— eye-pieces, 376, 877, 878 

Nelson, on the sub-stage condenser, 72 
note ; on ghostly diffraction images, 72 
note’, his model, with Swift’s fine- 
adjustment screw, 172 ; his horse- shoe 
stage, 179, 228; his fine adjustment to 
the sub-stage, 185 ; his screw micro- 
meter eye-piece, 271 ; his new micro- 
meter eye-piece, 272 ; his ‘ black dot,’ 
277 ; his plan for estimating edges of 
minute objects, 277 ; his changing nose- 
piece, 294 ; his revolving nose-piece, 
295 ; on rings and brushes, 819, 820 ; 
his means of obtaining monochromatic 
illumination, 328 ; his lamp, 404 
Nelson and Karop, on fine structure of 
diatoms, 591 note 
NeTualion multifiduin, 681 
Nematodes, desiccation of, 945 
Nematoid worms, 944 
Nemertine lari^a, 951 
Nepa, tracheal system, 995; wings of, 
1000 

— ranatra, eggs of, 1006 
Nepenthes, spiral fibre-cells of, 698 
Nereidee, 948 

Nereocystia, 627 


Nerve-cells, 1061 
Nerve-fibres, 1062 

Nerve-substance, 1051 ; mode of prepara- 
tion, 1054 
Nerve-tubes, 1051 
Nervures of wing of Agrioit, 994 
Nettle, hairs of, 714 

Neuroptera, 973 ; eyes of, 987 ; circula- 
tion in wings of pupa, 994 ; wings of, 
998 

Newt, red blood-corpuscles of, 1034 ; cir- 
culation in gills of larva, 1057 
Newton’s reflecting microscope, 132 

— suggestion of reflecting microscope, 
145 

— rings, 1097 
Nicol prisms, 318 

Nicol’s analysing prism, 294 ; for resolv- 
ing striee, 381 
Nicotiana, seeds of, 724 
‘ Nidamentum ’ of Gastropoda, 934 
Nitella, 576 

Nitric acid as a test for albuminous sub- 
stances, 517 

Nitrogenous substances, test for, 617 
Nitzschia, 602 

— scalaris, cyclosis in, 587 

— sigmoid ea, 606 
Nitzschiece, 606 

Noctiluca, collecting, 529 ; tentacle 
(flagellum) of, 706, 768; cilium of, 766 
note ; protoplasmic network of, 767 ; 
reproduction of, 769 

— miliaris, 765-769 
Noctuina, antennee of, 988 
Nodes of monocotyledons, 701 
Nddosaria, 819 
Nodosarince, shell of, 797 
Nodosarine shell, sandy isomorphs of, 

815 

Nonionina, 829 

— shell of, 797, 798 

Nonionine shell, sandy isomorph of, 814 
Non-stereoscopic binoculars, 105 
Non-striated muscle, 1048, 1050 
Nose-pieces, 291-295 ; centring, used as 
sub-stage, 228; Brooke’s, 291; Beck’s 
rotating, 291 ; Powell and Lealand’s, 
291 ; Watson’s dustproof, 292 ; Zeiss’s 
calotte, 292; centring, 298; Nachet’s 
changing, 298 ; analysing, 294 ; Vogan’s, 
294 ; Nelson’s revolving, 295 
Nosema hombycis, cause of pebrine, 661 
Nostoc, 548, 649; as gonid of lichen, 
651 ; resemblance of Ophrydium to, 
778 

Nostocacece, 648 ; affinities with Bacteria 
and Myxomycetes, 662 
Notochord in Tumcata, 911 ; of Appen- 
dicularia, 918 

Notonecta, 987 ; wings of,' 1000 
Nucellus, 686 
Nuclear stains, 491-494 

— spindle, 538 ; plate, 688 
Nuclein, 687 

Nucleoli, 584 
Nucleoplasm, 587 
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Nucleus, 684 

— action of acetic acid on, 517 ; its im- 
portance to cell, 636 ; division of, 688 ; 
fragmentation of, 588 ; presumed ' ab- | 
sence of, in some forms, 727 ; initiative 
action in monads, 762 

— and cell division, 1019 note 

Nucule of Chara^ 677, 679 

Nudibranchs, nidamentum of, 984 ; em- 
bryos of, 936 

Numerical aperture, 29, 53, 60, 890, 
425 ; formula for, 390 ; problems on, 
391 

of dry objective, 891 ; of water- 

immersion, 891 ; of oil-immersion, 391 1 

and resolving power of objective, ! 

393 ' 

— apertures, table of, 84-87 I 

Nummuline layer of Eozoon, 840 

— plan of growth, Parker and Rupert 

Jones on, 827 note | 

Nurnmiilinidce, 826 

Numviulites^ 826, 827, 831 j 

— distanSf 832 I 

— garansensis, 882 1 

— \cevtgatay 832 I 

- striata^ internal cast of, 834 

— tubuli in shell of, 800 

Nuramulitic limestone, 831, 833, 1085, 

1090 

Niq)har lutea^ parenchyme, 687 ; stellate 
cells of, 687 

Nymph of Acarina^ 1009 ; of Orihatulce^ 
1009 


O 

Oak, size of ducts in, 699 

— galls, 1003 

Oberhauser’s spiral fine adjustment, 153 

Object-glass of compound microscope, 
36, 89 ; of long focus, 40 ; of short 
focus, 40 ; capacity of, 382, 

Object-glasses, power of, 44 

testing, 881; Abbe’s method of 

testing, 884-387 ; diaphragms for use 
in testing, 386 ; Fripp’s method of 
testing, 386 

Object-holder for Thoma’s (Jung’s) mi- 
crotome, 464,465, 466 

— changer, Zeiss’s, 293 

Objectives, achromatic, 19, 32 ; aplanatic, 
19 ; apochromatic, 19, 30, 84, 80 ; cor- 
rected, 20, 21 ; immersion, 28,- 84, 58 ; 
aperture of, 43, 65, 390; maximum 
aperture of, 44 ; comparison of, 46 ; 
illuminating power of, 54 7iote ; im- 
mersion V, dry, 64, 79 ; dry, with balsam 
mounted objects, 66 ; dry, 68 ; dry, for 
study of life-histories, 81; penetrating 
power of, 83, 893 ; sliding plate with, 
290; rotating disc with, 290; of wide 
aperture, 869 ; of small aperture, ex- 
amination of, 888 ; tests for, 388, 894 ; 
resolving power of, and numerical aper- 
ture, 898 


Objectives, triple-back, 861 ; Wenham’s 
single front, 861 ; duplex front, 862 ; 
Leitz’s, 374; Reichert’s, 874; adjust- 
ing, 857, 860 

— achromatic, Martin’s, 147 ; Marzoli’s, 
868; Tully’s, 354; SelUgue’s, 864; 
Amici’s, 855 ; Ross’s, 856, 860 ; Powell’s, 
856, 861 ; Smith’s, 356, 360 ; Wenham’s, 
361 ; covers for use with, 489 

— apochromatic, 366, 370, 871-375 

— homogeneous immersion, introduction 
of, 864 

— ‘ semi-apochromatic,’ 85, 374, 875 

— oil-immersion, Powell and Lealand’s, 
80; Amici’s, 864; Tolies’, 864; 
Zeiss’s, 370; Leitz’s, 374; Reichert’s, 
874; Swift’s, 875; Beck’s, 375; 
Bausch and Lomb’s, 375; Watson’s, 
875 

— water-immersion, Powell and Lea- 
land’s, 862, 366 ; Prazmowski and Hart- 
nock’s, 362 ; Zeiss’s, 370 

Oblique illumination, 190, 191, 387 

— illuminator, 190 

Obliteration of structure by diaphragms, 
68 

Occhiale, Galileo’s, 122, 123 
Occhialino, Galileo’s, 121, 124 
Oceanic sediments, microscopic examina- 
tion of, 1092 

Ocelli of planarians, 947 ; of insects, 982, 
986 

Ocellites of compound eye, 982 
Ocular, 40, 375 ; spectral, 827 
(Edogoniacecey 572 
(Edogonium ciliatum^ 678 
(Enotheraf pollen-grain, 721; emission 
of pollen-tubes of, 722 ; embryo of, 728 
Oil for immersion lenses, suggested by 
Amici, 29 

— of cedar-wood, for immersion objec- 
tives, 29 

Oil-globulee, 429-431 
Oil-immersion, 29 

I — — objectives. See Objectives, oil- 
immersion 

Oils, solvents for, 517 
Okeden, on isolation of diatoms, 624 
note 

Oleander, opiderm of, 714 ; stomates of, 
' 716 

Olivine, corroded crystals of, 1072 
j Onchidium, eyes of, 941 
Oncidium, spiral cells of, 693 
Onion, raphides of, 696 
Oogones of Vaucheria, 663 ; of Sphcero- 
plea, 572 ; of (Edogonium., 572 ; of 
Ohara, 577 ; of Fucacece, 627, 628 ; of 
Peronosporece, 688 
Oolitic grains, 1084 
Oophyte in ferns, 680 
Oospheres, use of the term, 687 note ; of 
Volvox, 656; of Vaucheria, 568; of 
Sphceroplea, 570; of (Edogonium, 57^; 
of Ohara, 577 ; of Pheeoaporea, 627 ; 
of FucacecB, 628 ; of Marcha7ttia,^QS; 
of feniB, 679 
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Oospores, 640 ; of Volvox^ 666 ; of Vau- 
cheriaf 568 ; of Achlya-y 665 ; of 
Sphceropleay 672 ; of CE^goniuniy 578 ; 
of Charay 679 ; of Fiicacea, 628 
Ooze, Globigerinay organisms in, 811, 
818, 820 ; compared with chalk, 1085 
Opalescent mirror as a substitute for 
polarising prism, 194 
Opalinay 774 

Opaque illumination by side reflector, 888 

— mounts, 886 

‘ Open * bundles, 710 
Operculinay 880 ; and NumtnuUtes com- 
pared, 884 

Opercule of mosses, 671 
Ophiacantha viviparay development of, 
900 note 

OphioglossacecBy development of pro- 
thallium of, 679 

Ophioglossmriy sporanges of, 676 
Ophiothrix pentapligllumy spines of, 
891 ; teeth of, 892 
Ophiuriday mounting, 481 
Ophiuroideay skeleton of, 891 ; spines of, 
891 ; teeth of, 892 ; larva of, 898 ; 
direct develoi)ment in, 900 note 
Ophrydia, quantities of, 777 
Ophrydiuniy cellulose in zobcytium of, 778 

— versatiley effect of light on, 775 
Ophryodendrony 784 

Opium poppy, latex of, 695 
Optic axis of Powell and Lealand’s No. 1, 
194 

Optical anomalies in petrology, 1078 

— centre, 24 

— tube-length of microscope, 158, 159 
Orals of Antedony 901 
OrhicuUnay 808, 804, 808 

— compared with Heterostegina, 884 
OrhitoideSy 885 

— and Cyclochjpeus compared, 835 

— Fortiaiiy 886 
Orhitolinay 824 

OrhitolincBy occurring with flint instru- 
ments, 824 
OrhitoliteSy 804-810 

— shell of, 798 ; range of variation in, 
810 ; structure of Parkeria resembling, 
817 ; deposits of, 1085 

— and Cycloclijpeus compared, 801 

— complanatay animal of, 807-809 

— italtacay 806 notey 808 

— tenuiaaimay 808 
OrhuUnay 820 

Orbuline shell, sandy isomorph of, 816 
OrchidecSy pollinium of, 722 
Orchids, mycropyle of, 728 
OrchiSy pollen-tubes of, 723; seeds of, 
724 

Organised structure and living action, 
680 

Organa, 588 

‘ Organs of sense ’ in Ciliatay 776 note 
Orioatid(By nymph of, 1009 ; mouth-parts 
of, 1009 ; legs of, 1010 ; integument of, 
1010 ; auditory organ, 1011 ; reproduc- 
tive organs, 1011 ; supercoxal glands 
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of, 1011 ; tracheae of, 1011 ; characters 
of, 1012 

Orienting small objects for sectionising, 
499 

Origanum oniteay seeds of, 724 
OimithorTiynchuSy hair of, 1081 
Orohanchey seeds of, 724 
OrthopterUy eyes of, 987 ; antennas of, 
988; wings of, 999 ; nymph of, 1009 
Orthoscopic effect, 95 ; with Ramsden’s 
circles, 106 
1 — eye-piece, 876 

I Orthoaira Dickieiy sporangial frustule 
I of, 695 

; Oacillatoriay movement of, 547 
I Oscillatoriacecey 647 
' — movements of, 488 
i Oscula of sponges, 866 

Osmic acid and fatty structures, 617 
I Osmund a, sporanges of, 676 

— regalisy prothallium of, 679 note 
i Ossein, of bone, 1028 

Ostiole of conceptacle of corallines, 632 
Ostioles of NaviculacecBy 690 ; of Cym- 
hellecey 690 
, OatracodUy 960 

OatreacecSy shell of, 923 
. Ostrich, egg-shell of, 1101 
I Otoliths compared with artificial concre- 
j tions, 1100 
I — of Molluacay 941 
' Ovarium of Polyzoay 907 
Over-amplification, 88 
Over-corrected objective, 20 
Over-correction, 868-860 
Overton, on VolvoXy 666 note 
, Ovipositor of OrihatidcBy 1012 
Ovipositors of insects, 1Q02-1004 
Ovule of Phanerogams, 684 
1 — suspensor of, 684 
: — structure of, 684-685 ; development of, 
722 

; Ovum of HydrUy 866 
i Oxytrichuy a phase in development of 
1 Trichoclay 780 
I Oxyuris vermicularisy 944 
, Oysters, shell of, 923 


P 

Pacinian corpuscles, 1058 
Paleaontology, use of microscope in, 1088 
‘ Palate * of QaatropodUy 919, 980 ; classi- 
ficatory value of, 932 ; preparation of, 
982 ; viewed with polariscope, 988 ; 
bibliography, 988 
I Paleee of grasses, silex in, 716 
Pali8ade-parench3rma of leaves, 716 
Palmy stem of, 701 
PaVmellay as gonid of lichen, 661 
— cruentUy 668 

Palmellacemy 667 ; frond of, 668 
Palmodictyony 669 ; zoospores of, 659 
Palmoglcea macrococcay life-history of, 
641^ 642 

Palpvcomia^ antennse of, 988 
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Paludina^ iniested by Distoma^ 946 
Pancreas, 1047 
Fandorina^ 645 

— morumy generative process of, 667 ; 
swarm-spores of, 657 

PapaveracecBy laticiferous tissue of, 696 
Paper-cells, 446 

Parabolic illuminator, 816; speculum, 
833; reflector (Sorby’s), 884 
Paraboloid illuminator, 816 
Paraffin, solvents for, 496 

— imbedding method, 496-603 

— for imbedding, melting point of, 600 

— mounting, sections, 601 

— cells, 446 

Parameciuniy Cohn’s experiments on, 
748 ; contractile vesicles of, 776 
Paraphyses of Pucciniay 638 ; of lichens, 
660 ; of mosses, 671 
Parasites, nourishment of, 682 
Parasitic Crmtaceay 966 

— Fungiy 638 
Parietal utricle, 683 
Parker (T. J.), on Hydra-y 863 
ParkeriUy 817; a possible Stromato- 

poroidy 817 note 
Parnassia, seeds of, 724 
Parthenogenesis, 1007 note 

— in SaprolegnicSy 640 

Passifiora coerulea, pollen-grains of, 721 
PassiflorecBy pollen-grains of, 721 
Paste-worm, 945 

Pasteur’s solution for growing yeast, 646 
note ; his experiments with Bacteriay 
660, 661 

Patellay shell structure, 928 ; palate of, 
981 

Path of ray of light through a compound 
microscope, 40 
Pathogenic bacteria, 668 
Pavement epithelium, 1044 
Pear, constitution of fruit, 693 
‘ Pearl oyster.* See Meleagrina 
Pearls, 923 

‘ P6brine ’ in silkworms, 661 
Peccary, hair of, 1080 
Pecteny prismatic layer in, 924 ; pallial 
eyes of, 940 ; fibres of adductor muscle, 
1050 

Pectinibranchiata, 937 
Pectinid<By sub-nacreous layer in, 924 
Pedaliony 792 
PedalionidcBy 792 
Pedesis, 43l ; experiments in, 482 
PediaatrecBy 666 ; affinities of, 666 
Pediaatrumy zoospores, 567 ; micro- 
zoospores, 667 

— Fhrenbergziy 668 

— granulaturriy 56G-568 

— pertuauttiy 668 

— tetraSj 668 

Pedicellaries of echinids and asterids, 
889 

Pedicellinay lophophore of, 909 
Pedicularia paluairiSy 728 

— aylvaticay embryo of, 723 
Pedunculated oirripeds, 967 


PHA 

Pelargoniumy petal of, 719 ; pollen-grain, 
721 

Pelomyxa paluatriay 744 
Peneropliay 801 

— variation in shape of shell in, 797 ; 
shell of, 799 ; varietal forms of, 808 

Penetrating power, 425 
in objectives 83 ; of objective, com- 
pared with illuminating power, 898 
Penetration, 88, 82, 83 
Penicilliurriy fermentation by, 647 

— glaucuniy 643 

Pentacriniia aateriuay skeleton of, 892 
Pentatom<iy wings of, 1000 
Peony, starch in cells of, 694 
‘ Pepperworts,’ 681 
Perception of depth, 94 
Perch, scales of, 1028 
Perforated shells of Brachiopoday 926 
Perforation of shell in Foraminiferay 799, 
800 

Perianth, 718 

Perichlamydium prcetextuniy 851 

Peridiniay 770, 771 

Peridinium nbeYfimumy 770 

Perigoiie of mosses, 670 

Periodic structures, 74 

Periostracum of molluscan shells, 922 ; 

of brachiopod shells, 926 
Penpatuay tracheae of, 1011 
I Peritheces of lichens, 650 
PerotwaporetBy 688-640 
Perophoray respiratory sac of, 915 ; cir- 
culation of, 916 

‘ Perspicillum,’ Wodderbom’s, 126 
I Petals, 718 

' Petrobia lapidtimy eggs of, 1009 
Petrological microscope. Swift’s, 1068 
Petrology : micro-spectroscope in, 1081 ; 

micro-chemistry in, 1082 
Pettenkofer’s test, 617 
Petuniay seeds of, 724 
Pezizay botrytia-iovxa of, 645 
Pfitzer, on reproduction of diatoms, 694 
Pliceodariay 852 
Pli(eoapore(By 626-627 
Phagocytes, 1037 note 
PhakelUa ventilahruniy 868 
Phallus y 647 

Phanerooamia, woody structures, pre- 
paration of, 614 

— embryo-sac of, free-cell formation in, 
534-636 

— relation of, to Cryptogams, 682, 684 
I and note ; structure of stems, &c., 685, 
j 700 ; structure of cells, 686-688 ; inter- 
mediate lamella, 688 ; intercellular 
spaces, 688 ; cell- wall of, 692 ; sclerogen, 
698 ; spiral cells in, 698 ; laticiferous 
tissue of, 695 ; mineral deposits in cells 
of, 696 ; woody fibre in, 696 et aeq.; fibro- 
vascular bundles, 697 ; root, structure 
of, 700; epiderm of leaves, 712-718; 
flowers of, 718 ; pollen-grains of, 719 ; 
fertilisation of, 722 ; ovules of, 722 ; 
seeds of, 728 

Phanerogams. See Phanerogam! A 
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PhilonthtLs^ aiitennse of, 988 
Phloem, 710 

— of Exogens, 697 
Pholas, shell of, 924 
Phoronis, 950 

Phosphorescence of sea, due to Noctiluca, 
765 

Phosphorus, as a mounting medium, 521 
Photographic microscope, Zeiss’s, 257, 
258 

Photometrical equivalent of different 
apertures, 50 

Photo-micrograph through eye of Lam- 
pyns, 984 

Photo-micrography for micrometry, 277 ; 
projection eye-pieces for, 880 

— Campbell’s differential screw used in, 
165 

Phryganea^ eye of, 983 
Phycocyanin in Chrodcoccacece^ 547 
Phyco-erythrin, 631 
Phycomyces nitens, 641 
Phycopheein, 626 
PhylactoleBniata, 909 
Phyllite, 1077 note 
Phyllopodai 962 
Phyllosomata, skeleton of, 968 
Physarum alburn^ development of, 685 
Physcia parietina^ 650 
Phyanm chalaganum, 650 
Phytelephaa^ endosperm of seed of, 693 
Phytophthora infestans, 639, 640 
Phytopti, mouth-parts of, 1010 
Phytoptidw, 1008 ; characters of, 1014 
PhytoptuH^ larva of, 1009 
Picric acid, 485 
Picro-carmine, 489 
Piedmontite, 1095 
Pierichey scales of, 975 
Pigment-cells of cuttles, 942 ; of ver- 
tebrate skin, 1042 ; of fishes, 1043 ; of 
Crustacea, 1043 

Pigmentura nigrum, of eye, 1043 
Pike, scales of, 1028 
Pileorhizay 710 
Pileus of Acetahularia, 563 
Pilidiurn gyransy 950 
Pilulina Jeffrey aiiy 812 
Pimpernel, petals of, 719 
Pines, pollen-grains, showers of, 722 note 
Pinnay structure of shell of, 919-922; 
prisms of shell of, in Globigerina ooze, 
1086 ; prisms of, in chalk, 1087 

— nigrinuy colour of shell of, 921 
Pinnulariay 617 

— dactyluBy 621 

— nohiluy 621 
PinuB ca^mdemiSy 443 
Pipette, 351, 476 
Pisolithic grains, 1084 
Pistil, 722 

Pitcher-plant, spiral fibre-cells of, 698 
Pith, arrangement of, 700, 762 
Pitted ducts of Phanerogams, 699 
Placoid scales, 1028 
Plagioclase felspar, 1080 
Planariuy stomach of, 946 


POL 

PlanaricPy 946; movement of, 946; fis- 
sion of, 947 ; ocelli of, 947 ; intracellular 
digestion in, 868 
Planarians. See PlanaricB 

— allied to Ctenophoray 883 
Plano-concave lens, 13 
Plano-convex lenses, 13, 15, 22, 37 
Planorhulinay 824 

PlantagOy ‘Plantain,’ cyclosis in, 691 
Plants and animals, differences between, 
581 

Planulse, 868 

Plannlaria hexaSy in chalk, 1087 
Plasmode in cells of Nitellay 579 note ; 
of JEthaliiimy 634 ; of MyxomyceteSy 
635 

Plasmodium of Protomyxa aurantiacay 
729 

Plastid, contrasted with cytode, 727 
Plastidules, flagellated, of Protomyxa, 
729 

Plates, calcareous, of Hototliurioidea, 
895 

Pleochroism, 1078, 1098 
Pleochroism, variations of, 1080 
PteuroBigma, 588, 617 

— diffraction image of, 71 

— anpulatiim, 69-71 ; as test for defi- 
nition, 426 ; markings on, 592, 593 

— formoBum, as test for definition, 426 
I — Spenceriiy sporules of, 597 

I Pliny, on cauterisation by focussing sun’s 
i rays, 117 ; on sight, 118 
! Ploima, 791, 792 
j Plamatella^ collecting, 528 
‘ Plumed-moth,’ wings of, 999 
Plumule of Pieridce, 975 
j Plutarch, on myopy, 118 
I PluteuB larva of echinoids, 897-899 
i PodocyrtiB cothurnata, 847 
' — mitra, 847, 852 
, — Schomburgkiiy 849, 852 
I Podophrya quadripartita, 784; imma- 
ture form, 785 

— elongata, 785 
Podosphenia, sporules of, 597 
Podura scale as test for high powers, 

889 

‘ Podura scales,’ 976, 979 
Poduridce, 979 
Pointer in eye-piece, 381 
Poisons, micro-chemistry of, 1103 
I Polarisation tints, 1080 
I Polariscope, condensers for use with, 

I 814 ; for examination of gastropod 
' palates, 933; crystals for use with, 

I 1097 ; list of objects for, 1099 
Polarised light, rings and brushes of mine- 
i rals under, 819, 820 ; for insect work, 
423 ; use of, in micro-petrology, 1068 
Polariser, 318, 819; achromatic conver- 
gent for, 1070 note 

Polarising apparatus, 317-819 ; condenser 
for, 314 ; Swift’s illuminating and, 319 
Polarising prism, substitution of opales- 
cent mirror for, 194 
‘ Polierschiefer,’ 617 
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POL 

Polishing ground sections, 611 

— sections of hard substances, 506 
slate, 617 

— -stones, 608, 617 

Foliates (wasp), with attached mould, 
642 

Pollen-chambers of anthers, 720 

grain and tube, 684 

grains, 719; form of, 720; experi- 
ments with, 721 

— mass, of orchids, 722 

— tube, 721 

— tubes, traced through the style, 728 
Pollinium of orchids and asclepiads, 722 
Pollinoids of Floridece^ 682 ; of lichens, 

650 

Polyaxial spicules, 869 
Polycelis levigatus^ 947 
PolycUnidcBf 918 
Polycystina, 846, 851 
Polycystime, as test for low powers, 
389 ; mounting, 481 
Polydesmidce, 981 

‘ Polygastrica,’ Ehrenberg’s erroneous 
views on, 758 

Polygonum, pollen-grains of, 721 
Polymorph ina, 820 
Polyommatm Argus, scales of, 976 
Polyparies of zoophytes, 862 
Polypary of hydroids, 867 
Polypes, 863. See Hydrozoa 
Polypide, of Polyzoa, 906 ; formation of 
buds from, 907 
Polypidom of zoophyte, 904 
Polypite, of hydroids, 867 
Polypodium, sori of, 675 
Polyporus, 647 

Polyatichum angulare, apospory in, 680 
Polyatomella, shell of, 797 

— craticulata, 827, 829 
- crispa, 827, 829 

Polythalamous Foraminifera, 796 
Polytoma uvella, life-history of, 759 
Polytrema, 824; mode of growth com- 
pared with Eozodn, 888 

— miniaceum, colour of, 799 
Polytrichum commune, 670, 671 
Polyxenus lagurua, hair of, 981 

— - — hair of, as test for objectives, 889 ; 

as test for defimtion, 426 
Polyzoa, collecting, 627, 628; keeping 
alive, 628 ; ‘ cell ’ of, 904 ; structure 
of, 904 ; gemmae of, 906 ; muscular 
system, 907; sexual reproduction of, 
907 ; ‘ colonial nervous system,’ 907 
and note ', fresh- water, lophophore of, 
909 ; epistome of, 909 ; classification 
of the group, 909; bibliography of, 
910; relation to Brachiopodxb, 927; 

‘ liver ’ of, 1047 

Polyzoaries in coralline crag, 1090 
Polyzoary, 904 
Pond-stick, 526 
Poplar, pollen-grains of, 722 
I^oppy> laticiferous tissue, 696 ; seed of, 
728 

Porcellanea, 801-810 


PKI 

I Porcellanous shells of Foraminifera, 
I 799 ; of Gastropoda, 928 
! — and vitreous Foraminifera, difference 
I in, 799-801 
‘ Porcupine, hair of, 1030 
j Pores of sponges, 856 
I Porphyra, trychogyne of, 682 
j Porphyritic crystals, glass inclusions in, 

; 1074 

I ‘ Portable ’ microscope, 246-247 ; Powell 
and Lealand’s, 245 ; Rousselet’s bino- 
cular, 245 ; Swift’s, 245 ; Baker’s, 246 ; 
Bausch and Lomb’s, 247 
Portunua, skeleton of, 968 
Positive aberration, 360 note 

— eye-piece, 43 

— eye-pieces, 377, 378 

Potash, caustic, action on homy sub- 
stances, 517 
Potato-disease, 640 

— starch-grains of, 695 

— tubers, starch in, 694 

Powell (T.), formula for objective, 34 
Powell and Lealand’s homogeneous im- 
mersion objective, 30 ; fluorite lenses, 
85; high-power binocular, 105; sub- 
stage, 186, 195, 196 ; their microscopes, 
194, 218, 237 ; portable microscope, 
245 ; rotating nose-pieces, 291 ; achro- 
matic condenser, 301 ; achromatic oil 
condenser, 802 ; apochromatic con- 
denser, 302 ; dry achromatic condenser, 
809 ; chromatic oil condenser, 310 ; 
condenser for polariscope, 814 ; bull’s- 
eye, 883 ; vertical illuminator, 887 ; 
protecting ring for coarse adjustment, 
862; water -immersion objectives, 862, 
864 ; oV-iiich objective, for observation 
of cyclosis, 689; objectives for study 
of monads, 762 

Powell’s (H.) microscope, 166 ; fine ad- 
justment applied to the stage, 156 

— lenses, 861 

— fine adjustment, 174 
Prasmowski and Hartnack’s water-im- 
mersion objectives, 362 

Prawn, skeleton of, pigment of, 969 
Preparation of vegetable tissues, 514 
Presbyopy, 118 
Preservative media, 517-522 
Primary tissues of Vertehrata, 1017 
Primordial cells, 535, 636 

— utricle, 588 ; of desmids, 680 ; of Pha- 
nerogam cells, 688 

— chamber in Foraminifera, 798; of 
Orhitolites, 806 

Primrose, cells of pollen-chambers, 720 
* Prince’s feather,’ seed of, 728 
Principle of microscopic vision, 48 
Principles of microscopical optics, 1 
Pringsheim, on generative process of 
Pandorina, 557 ; on Vaucheria, 668 
Prism, refraction by, 8, 9; Wenham’s, 
98 ; Stephenson’s erecting, 100 

— polarising, substitution of opalescent 
mirror for, 194 

— rectangular, in place of mirror, 192 

4 F 
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Prism, Nicol’s, 818; Nicol’s analysing, 
for resolving striae, 881; Abraham’s, 
401 

— refracting angle of, 9, 18 
Prismatic epithelium, 1044 

— layer in molluscan shells, 919-926 

— layer of shells compared with enamel, 
920, 1025 

— shell-substances imitated, 1102 
Prisms, recomposition of light by, 18 
Pristis, tooth of, 1024 
Pritchard’s doublets, 298 

— microscope with Continental fine ad- 
justment, 168 

Privet hawk-moth, eggs of, 1006 
Problems on refractive index, 5 
Procarp, of FloridecBy 032 
Projection eye-piece, 880 
Promycele of Puccinia, 637 
Prosenchymatous tissue, 696 
Proteus, red blood-corpuscle of, 1036 
Prothallium of Spliagnacece, 674 ; of 
ferns, 677 ; of Equisetacece, 681 ; of 
RhizocarpecB, 681; of Lycopodiace<B, 
681 

Protococcus, as gonid of lichens, 651 
-- pluvialis, 548-547 ; life-history of, 
643 ; multiplication of, 644 ; zoospores 
of, 544 ; mobile and still forms of, 645- 
647 ; encysted, 551 
Protomyxa aurantiaca, 727-729 
Protoneme of BatracJiospermum, 575 
Protophytes, 580, 651, 726 

— mounting, 518 ; mode of nourishment 
of, 582 ; movement by cilia and con- 
tracting vacuoles of, 685 

Protoplasm, 580 ; vital attributes of, 531 ; 
continuity of, 538, 680 ; of Hhizopoda, 
733 ; of Noctiluca, 767 
Protoplasmic substance in Vertehrataj 
1017 

Protozoa, 726-785 

— mode of nourishment of, 682 

‘ Pseudembryo ’ of Antedon, 903 
Pseudo-navicellae, 751 
Pseudo-parenchyme of Fungi, 638 
Pseudopodia of Protomyxa, 728; of 
Vampyrella, 730 ; of Lieherkuehnia, 
781 ; of Rhizopoda, 733 ; of Reticu- 
laria, 784; of Heliozoa, 734 ; of Lohosa, 
784 ; of Gromia, 735 ; of Microgromia, 
736; oi Actinopliry 8, 738; of Amceha, 
743 ; of Arcella, &c., 746 ; in Amoeha- 
phase of monad, 757 ; of Eozodn, 841 ; 
of Glohigerina, 822; of Radiolaiia, 
847 ; of endoderm cells in zoophytes, 
862 

Pseudoraphidecp, 699 
Pseudoscojie, Wheatstone’s, 92 ^ 
Pseudoscopic effects, 95 

— effect with Ramsden’s circles, 106 

— vision, 92 
Pseudo-scorpions, 1008 
Pseudo-stigmata of Orihaiidce, 1011, 

1012 

Pseudo- tracheae, on fly’s proboscis, 990 
note 


RAY 

‘ Psorosperms,’ 762 

Pteris, sori of, 675 ; indusium of, 676 

— serrulata, apogamy in, 680 
Pterocanium, 862 
Pterodactylus, bones of, 1092 
Pterophorus, wings of, 999 
Pteroptus, 1012 

Ptilota, 680 
Puccinia graminis, 637 
Puff-ball, 647 

Pulvilliof insects, 1001 ; cockroach, 1000 
* note 

Pupa of Neuroptera, circulation in, 994 

— stage of fly, 1007 
* Purple laver,’ 632 

Purpura, method of examination of egg- 
capsules of, 939 ; supplemental yolk of, 
938, 1007 

— lapillus, nidamentum of, 984 ; develop- 
ment of yolk-segments of, 937 

‘ Puss-moth,’ eggs of, 1005 
Pycnogonicla, 957 ; related to Arachnida, 
969 note 

Pyrola, seeds of, 724 
Pyroxene, andesite, 1076 


Q 

Quadrula. symmetrica, 747 
Quartz-porphyries, 1072 
Quartzite, 1077 

Quekett (E.), on Martin’s microscope, 
140 ; on production of raphides, 696 ; 
on preparation of tracheae of insects, 
997 ; on minute structure of bone, 
1092 

‘ Quills ’ of porcupine, 1030 
Quinqueloculina, 802 


R 

Radials of Antedon, 901 
Radiating crystallisation, 1097 
Radiation of light in different media, 68- 
58 ; in air and balsam, 55-67 
Radiolaria, collecting, 529 ; fossilised 
forms of, 846, 864 7iote ; central cap- 
sule of, 847 ; skeleton of, 848-854 ; zoii- 
xanthellse in, 848 ; bibliography of, 853 
— colonies of, 848 ; distribution of, 858- 
864 ; mounting, 864 
Radiolarian, shells in * ooze,’ 1086 
Rainey, on presumed cause of cattle 
plague, 752 ; on molecular coalescence, 
1100 

Ralfs, on British desmids, 579 note ; 
classification, 685; on Nitzschia and 
Bacillaria^ 606 
Ramsden circles, 106 
Ramsden’s ‘ screw micrometer eye-piece,’ 
272 ; positive eye-piece, 42, 878, 880 
Raphidece, 699 

Raphides of Phanerogams, 696 ; of plants 
and sponge-spicules compared, 860 
Rays, scales of, 1028 
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Keagents, mode of labelling bottles, 402 j 
Real image, 14 note ; formation of, 23, 24 I 

— object image, 876 1 

Recomposition of light by prisms, 18 | 

Red ant, integument of, 974 ' 

— blood-corpuscles of Vetehrata, 1034 ; 
size of, in various Vertebrata, 1086 ; 1 
relative sizes of, in various Vertehrata^ 
1086 

— coral, 877 

— corpuscles, flow of, 1056 

‘ Red snow,’ due to Pahnella cruentay 
558 

‘ Red spider,’ 1018 
Red spots in Infusoriay 775 
Reflector, Sorby’s parabolic, 884 
Refracted ray, 2 

Refracting angle of a prism, 9, 18 
Refraction, 57 

— angle of, 8 

— of light, laws of, 2, 8 

— by plane surface, 3, 4 ; by curved sur- 
face, 5 ; by prisms, 8, 9 ; by lenses, 10- 
25 

Refractive index, absolute, 2; of water, 

8 ; relative, 4, 5 ; of crown glass, 5 ; 
of flint glass, 5 ; of balsam, 77 ; of gum 
styrax, 521 ; of Canada balsam, 521 ; 
of monobromide of naphthalin, 521 ; of 
phosphorus, 521 

of silicious coat of diatoms, 521 

— indices of air, of cedar oil, of water, 60 
Reichert’s loups, 88; his lever fine ad- 
justment, 171 ; his microscopes, 206, 
210. 224, 241, 242, 264-266 ; his objec- 
tives, 374, 375 ; his thermo-regulator, 
458 

Reindeer, hair of, 1030 
Reproduction in ActinophrySy 740; of 
ActinosphcBriumy 741 ; of Clathrulinay 
742; of EuglypJia, 746; of sponges, 
857 ; of Caitipanulariidciy 870 ; sexual, 
of Polyzoa, 907 ; agamic, of Enfomo- 
stracUy 963 ; agamic, of AphideSy &c,, 
1006 

Reproductive organs of Acarina, 1011 
Reptiles, lacunae in bone of, 1022; 
cement in teeth of, 1026 ; plates in skin 
of, 1026; epidermic appendages of, 
1029 ; red blood-corpuscles of, 1034, 
1085; muscle-fibre of, 1049; lungs of, 
1063 

Reseda, seeds of, 724 
Residuary secondary spectrum, 366 
Resins, solvents for, 617 
Resolving power of objectives, 83, 426 

of object-glasses, 44 ; of lenses, 64 ; 

of objective and numerical aperture, 
75, 393 

Respiration of insects, apparatus of, 994 
Respiratory organ of spiders, 1014 
Rete mucosumy 1042 
Retepora, calcareous polyzoaries of, 909 
Reticularia, 783 ; characters of, 733 ; ex- 
amples of, 784-737 

Reticulated ducts of Phanerogams, 698 
Retinulae, 983 


R08 

Revolving nose-piece, Nelson’s, 296 
Rezzi, on invention of compound micro- 
scope, 125 

Rhabdamyninay 813 

— ahyssorum, 815 
Bhahdolithus pipa, 847 

— sceptrumy 847 

Rhabdoliths, in chalk and limestone, 
1084 

Rhabdom, 988 
Bhahdopleura, 909 
Bhamnus, stem of, 708 
BHeophax sahulosa, 815 

— scorpiuTuSy 816 
Rhinoceros, horn of, 1033 
BhizocarpecBy 681 
Rhizoids of mosses, 669 
Rhizome of ferns, 675 
Rhizopoda, 733-747 

— protoplasm of, 681 ; ectosarc of, 684 ; 
skeletons of, 795; sarcode of, 1018; 
pseudopodial network of, 1053 

Bmzosoleniay 614 

— cyclosis in, 587 
Rhizostomay 874, 876 
Bhizota, 790, 791 

Rhododendron, pollen-grains of, 722 
RhodospermecB, 574 
Rhodospermin, 631 
Bhodosporece, 625 
Bhopatocaniwn ornatuw, 852 
Rhubarb, stellate raphides of, 696 ; spiral 
ducts of, 699 

BhynchonellidcB, shell structure of, 927 
Ribbons of sections, 464, 469 
Bihes, pollen-tubes of, 723 
Rice, silicified epiderm of, 715 
‘Rice-paper,’ 687 
Rice-starch, 695 

Riddell’s binocular microscope, 97 
Ring-cells, 446-448 

Rivalto (Giordano da), on invention of 
spectacles, 118 

BivuJariacecey hormogonea of, 548 
Roach, scales of, 1028 
Rochea falcata, epiderm of, 714 
Rock, ground-mass of, 1072 ; fluxion- 
structure of, 1078 

— sections, method of examining, 1081 
Rocks, method of making sections of, 

1066-1068 ; metamorphism of, 1076 
Rodents, hair of, 1030 
Root of Phanerogams, structure of, 700 
et seq. 

Root-cap, 710 
Rosahna varians, 798 
Rose, glandular hairs of, 714 
Ross (Andrew), on correction of object- 
glass, 19-21 ; his early form of achro- 
matic microscope, 152; mechanical 
movements of his stage, 163 ; his fine 
adjustment, 153, 173 ; on illumination 
of objects, 800; his arrangement for 
locking coarse adjustment, 352 ; his 
achromatic objectives, 856-858 ; his 
lever of contact for testing covers, 
440 
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Ross’s (Andrew) ‘ Lister ’ microscope, 158 
Ross, model, 197 

— and Co.’s microscopes, 196, 230-233 ; 
camera lucida, 285, 286 

Ross- Jackson model, 199 
Ross-Wenham’s radial microscope, 199 
Ross-Zentmayer model, 198 
Botaliaf 824; intermediate skeleton of, 
825 

— aaperay in chalk, 1087 

— Beccariij shell of, 797 

— SchroeterianUy 825 
Rotalian series, 828 
BotaliincPy colour of shell, 799 
Rotaline shells -of Foraniiniferay 797 

— shell, sandy isomorph of, 814 
Rotating disc of objectives, 290 
Rotatoriay 753. See Rotifera 
Rotifer vulgaris^ 787 

Rotifera, collecting, 527 ; keeping alive, 
528 ; a food of Actinophrysy 739 ; de- 
scription of, 786-792 ; habitats of, 786 ; 
structure of, 787-790; maatax of, 787 ; 
lorica of, 787 ; contractile vesicle of, 
789 ; males of, 790 ; eggs of, 790 ; clas- 
sification of, 790, 791 ; desiccation of, 
791 ; bibliography of, 792 ; preparation 
and preservation of, 793, 794 ; wheel 
apparatus of, compared with velum of 
gastropods, 936, 939; winter eggs of, 
964 ; non-sexual reproduction of, 1006 
Rotten-stone, 617 
* Round worm,’ 944 

Rousselet’s binocular portable micro- 
scope, 245 ; his tank microscope, 268 ; 
his compressorium, 846 ; his live-box, 
846 ; his method of preparing rotifers, 
798 

Royston-Piggott constructs first aperture 
table, 80 
Rugosa, BT7 

Runiia cvatcsgata, eggs of, 1005 
Rush, stellate tissue in, 687 
Rutile in clastic rocks, 1075 ; a secondary 
mineral in slates, 1076 note 
Ryder’s microtome, 401 
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S 

Sabellariay tubes of, 948 
Sable, hair of, 1030 
Saccammina in limestone, 1090 

— Carteri, 812 

— spherica, 812 
Saccharomyces cerevisicey 645 
SaccharomyceteSy 645; zymotic action 

of, 645 ; endospores of, 646 
Saccolahium guttatuniy spiral cells of, 
698 

Sachs, on Charay 579 note 
Sa^o, starch-grains of, 695 
Salivary glands, 1047 
Salmon, scales of, 1028 

— disease, 640 

SalmcBy diatoms in stomach of, 614, 628 
Satpidcey 911 


Salpingcecay calyx of, 764 
Salt solution as a preservative medium, 
519 

Salter (J.), on the ‘ teeth ’ of Echmua, 
890 

Salvia verhejiaca, spiral fibres in seeds 
of, 693 

Sand-grains surrounded by silica, 1075 
‘ Sand-stars.’ See Ophiuroidea 
* Sand-wasp,’ 974 

Sandy isomorphs (Foraminifera), 814 

— tests of Lituolida, 814 
Santonine, crystallisation of, 1096 
Sap-wood, 704 

Saprolegnioy alliance with Achlya, 564 
note 

— feraXy 640 
Saprolegyiice y 640 
Saprophytic, Bacteria y 658 

— fungi, 633, 642, 647 
Sarcocystids, 752 

Sarcode, 530 notCy 531 ; of Bhizopoday 
788 

Sarcolemma, 1049 
Sarcoptes acahiei, 1018 
SarcoptidcBy mandibles of, 1009 ; maxillae 
of, 1010; hairs of, 1010 ; legs of, 1010 ; 
characters of, 1013 
Sarcoptinccy 1018 
Sarcosporidiay 749 
Sargaasum hacciferum.y 680 
Saraia (Medusa of Syncory7ie), 869 
‘ Saw-flies,’ ovipositor of, 1008 
Saxifragay seeds of, 724 

— umbroaay parenchyme of, 688 
Saxifrage, cells of pollen-chambers, 720 
Scalariform ducts of ferns, 674; as modi- 
fied spiral ducts, 699 

‘ Scales,’ covering epiderm of leaves, 714 ; 
of ElceagnuSy 714 

— of Lepidopteray 975, 976 ; of Coleo- 
pteray 975 ; of Curculio iynperiaUSy 975 ; 
of Eyccenidccy 975, 977 ; of Fieridaey 
975 ; as tests for objectives, 976 ; 
of insects, markings of. 976 ; of 
Thysanuray 977 ; on wing of Lepido- 
pteray 999 ; of fishes, 1026 ; of reptiles, 
1026, 1029 

Scallops. See Pecten 
Scarabceiy antennae of, 988 
‘ Scarf skin,’ 1041 

Scatophaga stercorariay eggs of, 1005 
Scenedesmusy megazoospores of, 566 
Schists, 1077 

Schizogenous spaces in Phanerogams, 
688 

SchizomyceteSy 651-664 
Schizonemay 602, 617 

— Grevilliiy 618 

— gelatinous sheath of, 588, 617 
SchizonemecBy character of, 617 
Schnetzler, on movement of Oacillatoriay 

548 

Schott (Dr.) and the improvement of 
object-glasses, 82 

Schroder on binocular vision, 105 ; his 
camera lucida, 285 
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Schultz’s method of macerating vege- 
table tissues, 700 

Schultze (Prof. Max), on identity of 
‘ sarcode ’ and ‘ protoplasm,’ 630 note ; 
on cyclosis in Diatomacecs^ 687 ; on 
affinity of Carpenteria^ 823 
Schulze (Prof. P. E.), on soft parts of 
Euplectella, 860 note 
Schwendener, on lichens, 648 
Scirtopoila, 791, 792 
Scissors, spring, 467 
Sclerenchyme of ferns, 674 
Sclerogen, 693 

Sclerotesin Fungi, 633 ; of Myxomyeetes, 
636 

Scolopendriurn, indusium of, 676 ; sori 
of, 676 ; sporanges of, 676 
Scorpions, 957, 1008 
Screw-collar adjustment, 368 
Scrophularia, seeds of, 724 
‘ Scyphistoma ’ of Cyanea, 875 
Scytonona, as gonid of lichen, 651 
ScytonemacGce, 548 ; hormogones of, 548 
Scytosipho7i, conjugation of, 627 
Sea-anemone. See Actinia 
Sea-anemones, intracellular digestion m, 
863 

Sea-fans, 877. See Gorgonice 
‘ Sea-jellies,’ 853 
Sealing-wax varnish, 444 
‘ Sea-mats,’ 908. See Flustra and Mem- 
hranipora 

Searcher eye-pieces, 378 
‘ Sea-slugs.’ See Doris, Folia 
‘ Sea-urchin,’ 884. See Echhius 
Sea-weeds, 625-632 

— continuity of protoplasm in, 638, 630 

— red, 630 

Secondary spectrum, 19, 31 ; overcome 
by Abbe’s objectives, 365 
Section lifters, 477 ; cover-glass as, 478 

— mounting, 477, 501, 606 

Sections, ribbons of, 464, 469; of hard 
substances, 506; of bones, 506, 510; 
of coral, 506, 610 ; of enamel, 606 ; of 
fossils, 606; of shells, 606; of teeth, 
506, 510 ; of hard and soft substances 
together, 510 ; of Phanerogam tissues, 
699 

Seduin, pollen-grains of, 721 ; seeds of, 
724 

Seeds, 686, 723 

Segmentation of Gastropoda egg, 935 ; 

of annelid body, 948 
Seiler’s solution for cleaning slides, 489 
Selaginella, archegone of, homology of, 
685 

Selaginellece, 682 
Selenite plates, 818 

— blue and red, 819 

— stage, 819 

— with mica film, 819 

Selligue’s achromatic microscope, 148, 
160 ; objectives, 364 

Semi-apochromatic objectives, 85 ; of 
Leitz, 874; of Reichert, 374 ; of Swift, 
876 


Sempervivum, seeds of, 724 
Seneca, on magnifying by water, 118 
Sense, organs of, in Molluaca, 940 
Sensory nerves, 1053 
— organs of sponges, 866 
Sepals, 718 

Sepia, pigment-cells, 942 
Sepiola, eggs of, 942 
* Sepiostaire ’ of cuttle-fish, structure of, 
924 ; imitations of, 1102 
Septa in shell of Forammifera, 796, 808, 
804 

jS'erio-Zaria, presumed nervous system in, 
907 

Serous membrane, 1041, 1042 
Serpula, tubes of, 948 
Serricornia, antennte of, 987 
Sertularia cupressina, 871 
Sertulariida, gonozooids of, 870; zoo- 
phytic stage of, 877 
Sessile cirripeds, 967 
Seta of Tomopteris, 953 
‘ Sewage fungus,’ 653 
Sexual fructification of Thallophytes, 
540 

— generation of Volvox, 555 
Shadbolt, on structure of Arachnoidiscus, 

612 

Shadbolt’ 8 turn-table, 451 
Shadow effects, 61 
Shark, dentine of, 1023 
Sharks, scales of, 1028 
Sheep-rot, 945 

Shell, bivalve, of Ostracoda, 960 

— calcareous, of Beticularia, 733 ; of 
Mtcrogromia, 736 

— silicious, of Dictyorysta, Codonella, 
773 

— of Foraininifera, 796-801 ; of Lamel- 
lihraiicliiata, 919 ; of Brachiopoda, 
919 

Shellac cement, protection against cedar 
oil, 444 

‘ Shell-fish,’ 919. See Mollusca 
Shells of Mollusca, nacreous layer of, 
919, 922, 923, 924 ; prismatic layer of, 
919, 920, 921 ; colour of, 921 ; an ex- 
cretory product, 922 ; sub-nacreous 
layer of, 923, 924 

— of Brachiopoda, 925 ; periostracum 
of, 926 ; perforations of, 926 

— of Gastropoda, structure of, 928 

— of Cirripedia, 968 

‘ Shield ’ of Ciliata, 773 
Shrimp, concretionary spheroids in skin 
of, 1100 

Shrimps, skeleton of, 969 
Side refiector, 388 

— ■ lever, short, fine adjustment, 174 

Swift’s vertical fine adjustment, 

173 

Siebold, on agamic reproduction in bees,^ 
1006 

Sieve-plates, 710 

Sieve-tubes, 710 ; in Exogens, 697 
Sigillarice, 682, 1084 
Silene, seeds of, 724 
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Silex in Equisetacecey 680 ; inepidermof 
grasses, 715 

Silk glands of spiders, 1015 
* Silk- weeds,’ 569 
‘ Silkworm,’ eggs of, 1005 
Silkworm diseases, 645, 661 
Silphay antenn 80 of, 988 
Simple magnifier, 37 

— microscope, 248 
Sines, law of, 3 

SiphonacecEy 562-564 ; Munier-Charles 
on fossil forms of, 564 
Siphonostoinatay 965 7iote 
SiricidcBy ovipositor of, 1003 
Sirodot, on alternation of generations in 
' Bairachospermumy 675 
Skate, muscle fibre, 1049 
Skeleton, dermal, of Vertehratay 1026 ; 
fossilised, 1090 

— fibrous, of sponges, 857 

— silicious, of Heliozoa, 734 ; of Badio- 
lariay 846 

— of sponges, 855 ; of zoophytes, 862 ; 
of Echnoideuy 884; of Aateroideay 
891; of OphiuroidcajHQl'yOi Crinotdedy 
892; oi holothunoideaySdi'y of Anfe- 
doTiy 901 ; of Vertehratay structure of, 
1020 

Skin, 1041 ; pigment-cells in, 1042 ; capil- 
laries in, 1062 
Skip-jack, antennse of, 987 
Slack, on the costse of Pinmdariay 617 
Slack’s optical illusion, 428 
Slide-forceps, 453 
Slides, glass for, 438 
Slides for cultures, 340, 341 

— Seiler’s solution for cleansing, 439 
Sliding-plate of objectives, 290 
Sloths, fossil, teeth of, 1024 

Slug. See Lmiax 
Slug’s eye, 941 
Slugs, Motif era in, 787 
Smell, organ of, in insects, 1000 
Smith’s Cassegraiman microscope, 145, 
146 

Smith (H. L.), on Tolies’ binocular eye- 
piece, 101; his vertical illuminator, 
836 ; on classification of diatoms, 599 
Smith (James), his microscope, 155 ; on 
use of bull’s-eye with high powers, 
881 ; his achromatic lenses, 866 ; his 
separating lenses, 860; his mounting 
instrument, 454 

Smith (T. F.), on markings of diatoms, 
593 

Smith (W.), on cyclosis in Diatomacecpy 
587 ; on species of diatoms, 600 note ; 
on habits of diatoms, 619 
Smith (W . H.), on structure of frustules, 
690 note ; on movements of diatoms, 
602 

Snail, 930 ; eye of, 941. See Helix 

— muscle of odontophore, 1050 
Snake, lung of, 1068 
Snapdragon, seed of, 723 
Snoll’s ‘Law of Sines,* 49 
Snow, crystals of, 1096 


SPH 

Snowberry, parenchyme of fruit of, 688 
Snowdrop, pollen-grains of, 722 
Soda, caustic, action on homy substances, 
517 

Soemmering’s simple camera, 278 
Sole, scales of, 1026, 1027, 1028 
SoleUy prismatic layer in, 924 
Solid cones of light for minute observa- 
tion, 419 

— eye-pieces, 378 

— image, 95 

— objects, delineation of, 88; correct 
appreciation of, 88 

— vision and oblique illumination, 61 
Sollas, on sponges, 855 note ; on the ex- 
tensions of the perivisceral cavity in 
Poh/zoa, 927 

Sorby (H. C.), on microscopic structure 
of crystals, 1066 
Sorby’ s parabolic reflector, 334 
Sorby-Bro wiling’ 8 micro-spectroscope, 

823 

Soredes of lichens, 649 
Sori of ferns, 675 

Sound-producing apparatus of crickets, 
999 

Spatangidiuniy 610 
SpatanguSy spines of, 889 
‘ Spawn ’ of mushroom, 647 
Spectacles, invention of, 118 
Spectra, diffraction, 67 

— artificial, 324 
Spectral, ocular, Zeiss’s, 327 
Spectro-micrometer, bright-line, 325 
Spectroscope in micro-chemical opera- 
tions, 1108 

Spectroscopic test, 824 
Spectrum, 19 ; irrationality of, 19 

— binocular, microscope, 827 

— map, 325 

— natural, 824 

— of dark lines, 323 ; of bright lines, 323 
Speculum, parabolic, 338 ; Lieberkuhn’s, 

334-336; in Smith’s illuminator, 336 
Spencer Lens Company’s Microscopes, 
214, 215 

Spermathecee of GamasidcCy 1012 ; of 
Tyroghjphidcpy 1012 

Spermatia of Puccmia,&'d8 ; of lichens, 660 
Sjierm-cells of Thallophytes, 636 ; of 
Volvox, 555 ; of ferns, 678 ; of sponges, 
857 ; of Hydray 866 ; of Polyzoay 907 
Spermogones of Pucciniay 638 ; of 
lichens, 651 
Sphacelaridy 626 
Spliacele, 626 

Sphwria in caterpillars, 645 
^hmroplea annulinay 570-572 
Sphcerozosmay rows of cells in, 583 
Sphcerozoum ovodintarCy 853 
SphagnacecB, 673 
Spliagiiuniy leaf of, 673 
Ephenogyne speciosay winged seed of, 724 
Spherical aberration, 14, 15, 31, 299, 301, 
806, 887 

diminished by Huyghens’ objective, 

42 
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Spheroidal concretions of carbonate of 
lime, 1100 

Sphingidce, antennse of, 988 
Sphinx^ eye of, 987 ; antenn® of, 988 

— Ugustrt, eggs of, 1005 
Spicules of alcyonarians, 880 

— of sponges, 857 ; their names, 859-860 

— silicious, of sponges, 857 

— calcareous, of sponges, 857 
Spiders, 1008, 1014-1016 ; microscopic 

objects furnished by, 1014 ; spinning 
apparatus, 1015 
Spindle fibres, 538 
Spinnerets of spiders, 1015 
Spiny lobster, metamorphosis, 969 
Spiracles of insects, 995, 996 
Spiral cells in Phanerogams, 698 ; mode 
of preparation of, 694 

— crystallisation, 1096 

— focussing arrangement for projection- 
lens, 380 

— vessels of Phanerogams, 698 ; obser- 
vation of, in sitUi 719 ; of plants com- 
pared with tracheae of insects, 995 

Spiriferidce, perforation in shells of, 
927 

Spiriferina rosiraia, shell of, 927 
SpinlUna, 819 

— sandy isomorph of, 814 
Spirillumj movement of, 488 ; granular 

spheres of, 660 note 

— undula^ 659 

— volutanSj movement of, 652, 653, 659 
Spirit, dilute, as a preservative medium, 

518 

Spirochcete, 663 

Spirogyra, 649, 550 ; attacked by Vanipy- 
rella, 730 

SpiroUna^ a varietal form of PeneropliSy 
808 

SpirolocuUna, 802 
Spirula, 929 

— shells of, bearing Protoinyxa, 727 
Spiridinay movement of, 548 
Splachnum, sporange of, 669 

Splenic fever due to Bacillus anthracisy 
656, 661 

Sponge-spicules, 857-860 

— mounting, 481 

— in Carpenteria, 822 ; in mud of Le- 
vant, 1085 

Sponges, 855-862 ; skeleton of, structure 
of, 855, 866; reproduction of, 857; 
habitat of, 861 ; preparation of, 861 ; 
bibliography of, 862 note 

— fossil, 1089 
Spongilla^ 861 
Spongolithis acicularis^ 620 
Spongy parenchyma of leaves, 716 
Spontaneous generation, 761 
Sporange of Fnngi^ 683; of Myxomy- 

ceteSy 686 ; of Marchantiay 666, 668 ; 
of mosses, 671 ; of Sphagnaceccy 678 ; 
of ferns, 676 ; of EquisetaceeSy 680 
Sporangia of Lycopodiaceee in coal, 1084 
Sporangiophores of Mucorini, 640 
Spore, use of the term, 687 note 


, BTA. 

Spores of NostoCy 649 ; of MyxomyceteSy 
684, 636 ; of PeronoaporecBy 639 ; of 
Bacteriay 665, 657, 660 ; of Mar- 
chantiay 668 ; of mosses, 670 ; of ferns, 
676; of ferns, method for studying 
development of, 679 note ; of Equise- 
tace^y 680 ; of Eycopodieccy 682 ; of 
gregarines, 761 ; of Monas Dallmgeriy 
757 ; of Lycopodiaceee in coal, 1084 

— different kinds of, 541 note 

— resting, of Chcetophoracece y 674 
Sporids of XJstilaginecBy 686 ; of Puccinia, 

688 

Sporocarp of AscomyceteSy 644 
Sporogone of mosses, 672 
Sporophores of MyxomyceteSy 686 ; of 
PeroiwsporecBy 689; of AscomyceteSy 
648 

Sporophyte in ferns, 680 
Sporozoay 749-752 

Sporules of Melosiray 597 ; of Pleuro- 
sigmoy 507 ; of Podosphenia, 697 
Spot-lens, 316 
Spring-clip, 453 

— press, 453 

— scissors, 457 

* Spring-tails,’ 979. See Poduridee 
Squid, 942 

Squirrel, hair of, 1030 
Stag-beetle, antennss of, 988 
Stage, horse-shoe, Nelson’s, 179, 228 ; of 
the microscope, 175-184 ; qualities 
needful in a, 177 ; concentric, rotatory 
motion of, 179 ; in the ‘ Continental ’ 
model, 259 ; graduated rotary for use 
with apertometer, 395 

— attachable, simple form, 180 ; Swift’s, 
180 ; Allen’s (Baker’s), 181 ; Beiohert’s, 
188 ; Bausch and Lomb’s, 183, 184 ; 
Mayall’s, 183 ; Zeiss’s, 183 ; Beck’s, 184 

forceps, 338 

— -micrometer, 270, 274, 288, 290 

— moist, 811 

plate, glass, 840 

— thermostatic, 344-346 

— Turrell’s, 176 ; Watson’s, 177 ; Zeiss’s, 
179 ; Tolies’, 204 

vice, 339 

‘ Staggers ’ of sheep, due to CcenuruSy 
944 

Stahl, on movement of desmids, 581 
Staining, 488 

— regressive, 491 

— Bacteriay 514-516 

— flagella, 536 

Stains, intra-vitamy 488, 489 

— for unfixed tissues, 489 

— for fixed tissues, 490, 491 

— nuclear, 491-494 

— plasma, 494, 495 

Stains, solutions of, methylen blue, 488 ; 
Bismarck brown, 489 ; Congo red, 489 ; 
methyl-green, 489 ; neutral-red, 489 ; 
alcoholic borax-carmine, 490 ; alum- 
cochineal, 490 ; carmalum, 490 ; hsema- 
lum, 490 ; alcoholic cochineal, 491 ; 
iron-hsematoxylin, 492 ; ‘ Kernschwarz,’ 
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492 ; safranin, 498 ; acid-fuchsin, 494 ; 
basic-fuchsin, 494 ; Lyons blue, 494 ; 
picric acid, 494 ; water-blue, 494 ; 
thionin, 494 ^ 

Stanhope lens, 37 
Stanhoscope, 38 
Stajphylimis^ antennse of, 988 
Star-anise, tissue of testa of, 692 ; testa 
of seeds of, 725 

Starch, tests for, 517 ; formation of, 694 

— grains, 584, 585 ; mode of growth, 
694; hilum of, 695; in Ganna, 695; in 
potato, 695 ; in wheat, 695 ; in rice, 
695 

* Star-fish,’ 891. See A&teroidea 
Statospore of Protomtjxa, 728 
Staurastrum, binary division of, 582; 
form of cell, 686 

— dejectum, 568 
Stauroneis, 617 

‘ Stauros ' of Achnanthes, 616 
Steenstrup on alternation of generations, 
877 

Stein, on affinities of Volvox, 561 note ; 
on contractile vacuoles of Volvox, 552 
note ; on Flagellata, 764 ; on Nocti- 
luca, 769 note; on Acinetina, IS^note 
Steinheil’s loups, 88 ; his combination of 
lenses, 88 ; his aplanatic loup, 249 ; his 
loup for tank work, 268 ; his formula 
for combination of lenses, 316; his 
triple loups, 878 
Steltaria, seeds of, 724 

— media, petals of, 719 

Stem of mosses, 669 ; of Bryacece, 673 ; 
of Sphagnacece, 673; structure of, in 
Phanerogams, 700; of Phanerogams, 
development of, 709; treatment of, for 
examination of their structure, 711 
Stemmata of insects, 986 ; of spiders, 
1014 

Stentor, collecting, 527 ; contractile 
vesicle of, 774 ; impressionable organs 
of, 776 ; conjugation of, 782 
Stephanoceros, collecting, 527 ; in con- 
finement, 628 

StephanoUthis spinescens, 847 

— nodosa, 847 

StephanosphiBTa plnvialis, amoeboid 
phase of, 657 note 

Stephenson, on Bleurosigma angulatum, 
70 ; on ‘ intercostal points,’ 73 

— his suggestion on homogeneous im- 
mersion, 28 

— on Goscinodiscus, 609 
Stephenson’s stereoscopic binocular, 100; 

its erecting arrangement, 101, 102; as 
a dissecting microscope, 248, 456 ; his 
tank microscope, 267 
Stereocaulon ramulosus, 650 
Stereoscope, 91 ; Brewster’s modification 
of, 91 

Stereoscopic binocular, Wenham’s, 98; 
for study of opaque objects, 108-105 

— eye-piece, Tolles’s, 101 ; Abbe’s, 102 

— vision, 90-97 
Sterigmata of Puccinia, 687 
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Sterile cells of Volvox, 566 
Stichopus Kefersteinii, 896 
Stick-net for marine work, 529 
Stickleback, parasite of, 966 ; circulation 
in tail of, 1057 
Stigmata of insects, 996, 996 
‘ Stinging hairs ’ of nettle, 714 
Stings of insects, 1002, 1003 
Stipe of diatoms, 688; of Licmophora, 
604 ; of Qomphonema, 616 
Stolon of Foramimfera, 796; of Eozoiin, 
889 ; of Laguncida, 904 ; of ascidians, 
914 

Stomach, follicles of, 1047 
Stomates, 716 

— of Marchantia, 666 
Siomopneustes variolaris, spines of, 888 
Stone-cavities in crystals, 1073 
Stone-mite, eggs of, 1009 

Stones of fruit, preparing sections of, 
699 

— of stone fruit, constitution of, 698 
Stone- wort, 576 

Stony corals, resembled by polyzoaries, 
904 

Stop, introduction of, "87; in the eye- 
piece, 42 ; use of, 812, 816 
‘ Straight extinction,’ 1079 
Strawberry, parenchyme of fruit, 688 
Streptocaulus pulcherrimus, 871 
Striated muscle, 1048 ; size of fibres in 
different groups, 1049 
Striatella unipunctata, 698 
Striatellece, characters of, 607 
‘ Strobila’ of Gyanea, 875 
Stromatopora, doubtful character of, 
842 

Stromatoporoids, 817 7iote 
Stropho7nenidce, perforations in shells of, 
927 

Stylodyctya gracilis, 851 
Suberous layer of bark, 708 
Sub-nacreous layer' in molluscan shells, 
928, 924 

Sub-stage, 184-191, 262; Nelson’s fine 
adjustment to, 186 ; Powell and Lea- 
land’s, 186; Karop’s fine adjustment 
to, 187; Watson’s, 187; Baker’s, 188; 
centring nose-piece used as, 280 
‘ Sub- stage condenser,’ Nelson on, 72 
note; compound, 184 

— illumination, 298-316 

— simplest form of, 818 
Succulent plants, stomates in, 716 
Sucker on legs of Sarcoptidce, 1010 
Suckers on foot of Dytiscus, 1001; of 

Curculionidce, 1002 
Sucioria {^Protozoa), 788-786 

— {Crustacea), 965, 966 

‘ Sugar-louse,’ 977. See Lepisma 
Sulphuric acid, as a test, 517 

* Sun-animalcule,’ 787 

* Sundew,’ glands of, 714 
Sunk-cells, 449 
Super-amplification, 88 

Super- stage, see attachable mechanical 
stage, 180 
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Supplemental yolk in Furpuray 988, 989, j 
1007 

Surirellay 688, 606 ; conjugation of, 699 ; 
zygospores of, 699 ; movements of, 602 ; 
frustule of, 606 

— hiseriata, cyclosis in, 687 

— - caledonica, 621 

— constricta, 606 

— craticulay 621 

— pUcatay 621 
SurirellecBy 606 

Suspensor of ovule of Phanerogams, 534 
Sutural line of desmids, 580 
Swarm-spores, 636 ; meaning of term, 
687 7iote ; of Pa7ido7'i7iay 667 ; of Cut- 
leriay 627 ; of Glathrulinay 742 ; pre- 
sumed, of Pelomyxay 745 
Sweat-glands, 1042 
‘ Sweetbread,’ 1047 

Shift’s side-lever, 162 ; vertical side- 
lever fine adjustment, 173, 174 ; attach- 
able stage, 180 ; microscopes, 203, 224, 
228, 233; portable microscope, 245; 
condenser, 302, 806 ; condenser for 
polariscope, 814^ microspectroscope, 
826 wo^e; objectives, 875; petrological 
microscope, 1068 
Symbiosis in lichens, 650 
Symbiotes tripilisy hairs of, 1010 
Symbiotic algse in radiolarians, 848 
Sympathetic nerves, 1054 
8y7nphytu7n a8perrimu7ny seeds of, 724 
SyTialissa symphoreay 650 
Sy7iapta digitatciy ‘ anchors ’ of, 895 

— mhcerenSy ‘ anchors ’ of, 895 
SyTiaptcCy rotifers in, 787 
Syncoryne Sarsiiy gonozobids of, 868 
Syncryptay 645 

Sy7iedray 606 
8y7inga7n7ni7ia, 811 

Syringe for catching minute aquatic 
objects, 861 

Syrup, as a preservative medium, 619 

— and gum, as a preservative medium, 
519 

T 

TabmiuSy eyes of, 987; ovipositor of, 
1004 

TabellaTia vulqairisy 621 
Table of numerical apertures, 84-87 
“ - for microscopists, 398-402 ; for dis- 
secting and mounting, 399 
Tactile papillae of skin, 1042 ; nerve to, 
1068 

Tadpole, pigment-cells of, 1048; circu- 
lation in tail of, 1066 ; general circula- 
tion in, 1057; blood-vessels of, 1059, 
1060 

— - of ascidians, 917 

Tadpole’s tail, epithelium of, 1044 
Tceniay 948 

Tank microscopes, 266-269 
Tannin, test for, 617 
Tapetal cells in fern antherid, 678 
* Tape-worm,’ 948 


Tardigraday desiccation of, 945 
TarsoTiemidcBy 1013 
Taste, organs of, in insects, 993, 1000 
Teeth, decalcification of, 612 

— fossilised, 1090 

— in palate of Helix y 980 ; of Limq^y 
980 ; of Buccmu7tiy 980 ; of Molluacay 
930 

— preparation of, 1023 and note 

— of EchinuSy 890 ; of VphiothriXy 892 ; 
of Vertebratay 1023 

— of elephant, Rolleston on enamel in, 
928 ; of Bhodentiay Tomes on enamel 
in, 928 

Tegeocranus cepbeiformiSy 1008 
! — dentatuSy 1008 

Tegumentary appendages of insects, 974 
Telescope, Barker’s Gregorian, 145 
Teleutospore generation of Pucciniay 
637 

Temperature, effect of, on various 
I monads, 761 
Tendon, 1019 

Tentacle of NoctihicUy 766, 768 
‘ Tentacles ’ of Droseray 714 ; of Suctoriay 
785 ; of Hydrciy 864 ; of annelids, 949 
TenthredimdcBy ovipositor of, 1003 
Terebella, tubes of, 948 ; gills of, 949 

— conchilega, 948 
Terehratula bullatay shell of, 927 
TerebratulcBy shells of, 925, 926 
Teypsino'e musicay 608 
TeTpsmodcBy character of, 607 
Tertiary tints in crystalline bodies, 1097 
Tessellated epithelium, 1044 

Test of Grmnia, 735; of Arcellay 746; 

of Difflugiay 746 
Testa of seeds, 726 
Testaceous amoebans, 746, 747 
Testing object-glasses, 381 ; diaphragm 
for use in, 385 ; Fripp’s method, 886 ; 
Abbe’s method, 884-387 
Test-plate, Abbe’s, 387 
Tests, sandy, of Lituoliday 814 
[ Tethyay spicules of, 1086 

Tetramitus 7’ostratuSy life-history of 
760 ; nucleus of, 763 
Tetranychiy 1018 
TetranychuSy mandibles of, 1009 
Tetraspores of Floridecey 681 ; of Va7n~ 
pyr^lay 730 
Textulaina, 828 

— aculeatay in chalk, 1087 

— globulosay in chalk, 1087 
Textularian form of shell, 798 

— series, 828 
Textulariidcey 811 

Texfula7i7iice, arenaceous character of, 
828 

Thalassicollay 846, 863 
Thallophytes, 680-632 
Thallophytic type, passage to oormo* 
phytic, 668 

Thallus of TJlvay 660; of Pbaoeporecey 
626 ; of lichens, 649 
Thaumantias Eschacholtziiy 878 

— pilosellay 878 
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‘ Theca ’ of mosses, 671 
Thecaphora, 868 
Thecata^ 868, 870 

— zoophytic stage of, 877 
Thermo-regulator, Reichert’s, 453 
Thermostatic stage, Dallinger’s, 344- 

846 

Thoma’s (Jung) microtome, 461-469 
Thompson (J. Vaughan), on pentacrinoid 
larva of Antedon^ 901 ; on Cirripedia^ 
967 

Thomson (Wyville), on development of 
Antedcni. 903 

Thread-cells of Ciliata, 773 ; of Hydra ^ 
864 ; of Zoantharia^ 878, 879 ; of pla- 
narians, 947 
‘ Thread-worm,’ 944 
Threads of spiders’ webs, 1015 
Thv/rammina papillata^ 815 
Thwaites, on conjugation of E'pithemiay 
599 ; of MelosirUy 560 
Thysanuray scales of, 977 
Ticks, 1008. See Acariria 
Tineidcdy wings of, 999 
Tinoporus baculatus, 824 
Tipultty spiracle of, 976 ; eye of, 987 ; 
antennae of, 988 

Tolies’ binocular eye-piece, 101 ; his me- 
chanical stage, 204; his immersion 
objectives, 862, 864 ; his apertometer, 
890 

Tomes (Charles), on teeth, 1025 
Toniopteris onisciformisy 952, 953 ; de- 
velopment of, 954 

— quadricomiSy 954 

‘ Tongue’ of Gastropoda. See Palate 
‘ Tortoiseshell butterfly,’ eggs of, 1005 
Torula cerevisicPy 645 
Total reflexion, 6, 7 
Tourmaline, pleochroism in, 1078 
Tow-net, 528 

Tow-nets of Challenger Expedition, 529 
note 

Tracheae of insects, 994; of Acarinay 
1011 

Tracheides of ferns, 674 ; of conifers, 698, 
703 

TrachelomonaSy 545 
Tradescantia virginica, cyclosis in 
hairs of, 691 

Tragulusjavanicus, red blood-corpuscle 
of, 1035 

Trematodes, 945 
Triceratiumy 588, 613 

— as test for illumination, 415, 416 

— favuSy 598, 613 

— fimhriatumy as test for medium 
powers, 889 

Trichocysts of Ciliatay 778 
Trichoda lynceuSy crawling of, 774; re- 
production of, 780, 781 
Trichodina grandinelluy a phase in de- 
velopment of Vorticellay 780 
Trichojiyne of Coleochcetey 575 

— of MoridecBy 682 ; in lichens, 650 
Trichonymphay 774 
Trichophore of FloridecBy 682 


TING 

Trichophryay a phase in development of 
Suctoriay 785 

Triaoniay prismatic layer in, 924 
Triloculinay 802 
Triple-backed objectives, 361 
Triplet, Holland’s, 37 
Triplex front to objectives, 870 
Tripoli stone, 617 
Trochus zizijpMnuSy palate of, 981 
TromhidiideBy 1008, 1009 ; legs of, 1010 ; 
hairs of, 1010 ; eyes of, 1011 ; tracheae of, 
1011 ; characters of, 1012 
Tromhidiumy maxillae of, 1010 ; larvae of, 
1013 

— holosericum, 1013 
Trophi of Botiferay 788 
Truncatulina roseay colour of, 799 
‘ Tube-cells,’ cements for, 442 
Tube-length, English and Continental, 

158, 159 

Tuberculosis, bacillus of, 661 ; methods of 
staining, 515, 516 

Tubifex rivulormriy gregarine of, 751 
Tubiporay 877 

Tubulariay gonozooids of, 869 

— indivisay 869 

Tubuli in Num^nuliteSy 827 ; of dentine, 
1024 

Tubuliporay 909 
Tulip, raphides of, 696 
Tully’s (Lister’s) achromatic microscope, 
149 ; his live-box, 345 ; his triplet, 854 ; 
his achromatic objective, 354 
‘ Tunic ’ of Tunicatay 911 
Tunic ATA, 904, 911-918 ; zoological posi- 
tion of, 911; bibliography of, 918; 

‘ liver ’ of, 1047 
Turbellariay 946, 947 

— larvae of, collecting, 529 
Turbinoid shell of Foraminiferay 797 
Turboy shell structure of, 928 
Turkey-stone, use of, 508 ; constituents of, 

617 

Turn-table, Shadbolt’s, 451 ; Griffith’s, 
451 

Turpentine, uses of, 444, 518 
Turrell’s mechanical stage, 176 
Twin lamellae in leucite, 1078 
Tylenchus triticiy 945 
Tympanum of cricket, 999 
Tyroglyphiy nymph of, 1009; legs of, 
1010 

TyroglyphidcBf reproductive organs of, 
1012 ; characters of, 1013 


U 

UlothriXy conjugation of, 557 
TJlvay 560, 561 
XJlvacecBy 559-661 
Umbelliferous plants, seeds of, 724 
XJmbonula verrucosay 906 
Under-corrected objective, 20, 21 
Under-correction, 366-860 
Unger, on the zoospores of Vaucheriay 
568 
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Unicellular plants, 538 

XJnio^ pearls in, 923 ; glochidia of, 933 

— occidens, formation of shell in, 925 
UnionidcBy nacreous layer of, 923 
Unit (standard) for microscopy, 460 
UredhiecBf 686-638 ; alternation of gene- 
rations in, 636 

Uredo-form of Puccinia, 63H 
Uredospores of Puccinia, 638 
Urinary calculi and molecular coales- 
cence, 1102 

Urine, micro-chemical examination, 1103 
Urochordata, 911 
Uropoda, tracheoe of, 1011 
‘ Urticating organs.’ See Thread-cells 
UstilagmecB, 636 
TJvella, 545 

V 

Vacuoles in vegetable cell, 534 

— contractile, in protophytes, 535; of 
Volvo'X, 552 

— of Actinophrya, 737 
Vagine of mosses, 671 

VcUlisneria, habitat, 689; mode of de- 
monstration of cyclosis, 689, 690 
Valvulina, shell of, 798 
Vampyrella, 729, 730 

— goinphoyiematia, 729 
— ■ apirogyrcp, 729 

Vaneasa, eye of, 987 ; haustellium of, 992 

— urticcp, eggs of, 1005 
Variation, range of, in Astromma, 849 
Varley’s live-box, 346 

Varnish, test for, 443 ; asphalte, 443 
Varnishes, 442-445 ; sealing-wax in alco- 
hol, 444 ; red, 445 ; white, 445 ; various 
colours, 445 

‘ Vascular Cryptogams,’ links with Pha- 
nerogams, fo2 

Vascular papillae of skin, 1042 
Vaucheria, 562, 663 

— Botifera in, 787 

‘ Vegetable ivory,’ endosperm of, 693 
Vegetable substance, preparation of, 514 ; 
gum-imbedding for, 514 ; bleaching of, 
514 

Veins of vertebrates, 1056 
Velum, in gastropod larva, 936 
Venice turpentine cement, for glycerin 
mounts, 444 
Ventriculitea, 861, 1088 
Venus’ flower basket, 859, 860 ; spicules 
of, 860 

Verbena, seeds of, 724 
Vertehrata, 1017-1065; bone of, 1020; 
teeth of, 1028; dermal skeleton of, 
1026 ; blood of, 1034 ; red blood-cor- 
puscles, 1034; white blood-corpuscles, 
1036 ; flbrous tissues, 1038 ; slan, mu- 
cous and serous membrane, 1041 ; dis- 
tribution of ciliated epithelium, 1044 ; 
fat, 1045 ; cartilage, 1046 ; glands of, 
1047; muscle, 1048; nervous tissue, 
1051 ; circulation, 1054 ; respiration, 
1068 


WAR 

Vertebrated animals, 1017. 3ee Verte- 
hrata 

Vertical illuminator, 836-838; how to 
use, 387 ; for examination of metals, 
387 ; for ascertaining ‘ aperture,* 888 
VespidcB, eye of, 987 
Vibracula of Polyzoa, 910, 911 
Vibrio, movement of, 483 

— rugula, 659 

‘ Vibriones,’ as applied to certain nema- 
todes, 945 

Vibriones, form of, 653, 659 
Vigelius, on tentacular cavity of Polyzoa, 
905 note 

Vine, size of ducts of, 699 
Viola tricolor, pollen-tubes of, 728 
Violet, cells of pollen-chamber, 720 
Virginian spider-wort, cyclosis in, 691 
Virtual image, 14 note, 24, 25, 876 
Vision, depth of, 88, 89, 90 ; stereoscopic, 
89 

Visual angle, 27 

Vitrea {Foraminifera), 819 

Vitreous cells (arthropod eye), 983 

— optical compounds, 81 

— shells of Foraminifera, 799 

‘ Vittee ’ of Licmophorece, 604 ; of seeds 
of umbellifers, 724 
Vocal cords, structure of, 1040 
Vogan’s changing nose-piece, 294 
Volcanic ashes and dust, microscopical 
examination of, 1076 
Volvocinece, 550-557 
Volvox associated with Astasia, 765 

— vegetable nature of, 556 note ; amcB- 
biform phase of, 556 ; Botifera in, 787 

— aureus, cellulose in, 562 ; starch in, 
552 

— globator, 650-557 ; flagellate afiinities 
of, 551 note ; contractile vacuoles in, 
552; endochrome of, 552 ; development 
and reproductive cells of, 564-556 

Vorticella, foot-stalk of, 778; contrac- 
tion of foot-stalk, 774, 776 ; fission of, 
777 ; encystment of, 778 ; classification 
of, 782 ; gemmiparous reproduction of, 
782 ; conjugation of, 782 

— microstoma, 779 


W 

Waldheimia australis, shell of, 926 
Wale’s model, 224 ; his limb, 224 ; his 
coarse adjustment, 226; his flue ad- 
justment, 226 

Wallflower, pollen-grains of, 722 
Wall-lichens, 649 

Wallich, on structure of diatom frustule, 
690 7iote\ on Triceratium, 613 note’, 
on Chceiocerece, 614 note ; on coooo- 
spheres, 747 ; on Polycysthxa, 862 ruite 
— ms plan for sectioning a number of 
hard objects, 508 note 
* Wanghie cane,’ stem of, 701 
‘Warm-stage’ for observing blood-cor- 
puscles, 1084 
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WAB 

Warmth, mode of applying, for cyclosis, 
692 

Wasps, wings of, 998, 999 ; sting of, 1003 
Water, refractive index of, 8, 7 

— distilled, for mounting ProtopJiytea^ 
618 

— milfoil, collecting, 527 
Water-angle, 60 
Water-bath, 462 
Water-boatman, wings of, 1000 
‘Water-fleas,’ 959, 962 
Water-globules in oil, 429, 430 
Water-immersion objectives, 862 ; Zeiss’s, 

870 

Water-lily, leaf- structure of, 717 ; cells 
of pollen-chambers, 720 
‘ Water-mites,’ 1018 
‘ Water-net,’ or Hydrodictyon, 666 
Water-of-Ayr stone, 508 
Water- scorpion, 996. See Nepa 
‘ Water-snail.’ See Limmcua 
Water- vascular system of Tania, 948 
Watson’s microscopes, 199-202, 218, 224, 
234, 237 ; coarse adjustment, 161, 202; 
fine adjustment, 162, 172, 174, 175 ; 
mechanical stage, 177 ; sub-stage, 187 ; 
nose-piece, 292 ; condensers, 803, 304 ; 
objectives, 875 ; eye-pieces, 879 
Wavellite in My a, 924 
Web of spiders, 1015 
Weber’s annular cells, 850 
Webster condenser, 308 
Weismann, on development of Diptera^ 
1007 

Wenham, on binocular vision, 106; on 
cyclosis of Vallisneria, 690 
Wenham’s suggestion of homogeneous 
immersion, 29 ; his stereoscopic bino- 
cular, 98, 99 ; his prism, 98 ; his para- 
boloid, 816-317 ; his achromatic objec- 
tive with single front, 361 ; his duplex 
front objective, 362 
West, on ChcetocereoBy 614 note 
‘Whalebone,’ 1083 
Wheat, starch-grains of, 695 
Wheatstone’s stereoscope, 91 ; his pseudo- 
scope, 92 

‘Wheel-animalcules,’ 763, 786. See 
Rotifera 

Wheel-like plates of Chirodota, 896 
‘ Wheels ’ of Botifera, 787 
Whelk. See Btcccinum 
‘ White ant,’ ciliate parasite of, 774 
White blood-corpuscles of Vertehrafa, 
1086; flow of, 1056 

— fibrous tissue, 1088-1041 

— of egg, as a preservative medium, 619 
Whitney’s directions for examination of 

frog’s circulation, 1060 
Wild clary, spiral fibres of, 693 
Williamson (W. C.), on Volvox, 656 7 tote ; 
on structure of fish-scales, 1027 ; on 
structure of coal-plants, 1084 
Willow-herb, emission of pollen-tubes, 
722 

Wing of Agrion, circulation in, 994 
Winged seeds, 724 


ZOO 

Wings of insects, 998-1000; of PterO- 
phorus, 999; venation of, in Neuro- 
ptera, 998 

Wodderbom, on Galileo’s invention of 
compound microscope, 121, 125 
Wodderborn’s ‘ perspicillum,’ 126 
Wollaston’s doublets, 86, 163 ; his camera 
lucida, 278 

Wood, arrangement of, 700, 702 ; concen- 
tric rings of, 703 ; fossilised, 705, 1083 
Wooden slides for opaque objects, 460 
Woody fibre, 696 
— tissue of ferns, (574 
Working eye-pieces, 878 
Worms, 943-956 


X 

Xylem of Exogena, 697, 698, 710 
Xvlol-balsam as a preservative medium, 
518, 521 


Y 

Yeast, 646 ; fermentation due to, 646 
Yellow cells, m Actinlce, 848 ; in radio- 
larians, 848 

— fibrous tissue, 1039, 1040 
Yolk-bag of young fish, circulation on, 
1057 

Yucca, epiderm of, 712; guard-cells of 
stomates in, 715, 716 


Z 

Zanardinia, swarm-spores of, 627 
Zea Mats, epiderm of, 712; stomates of, 
715 

Zeiss’s oil-immersion objectives, 29 ; his 
eye-pieces and objectives, 34 ; his 
photographic microscope, 178, 257, 258 ; 
his mechanical stage, 179, 183; his 
latest microscope, 206, 237 ; his dis- 
secting microscope, 248, 253 ; his apla- 
natic loup, 249, 268 ; his calotte nose- 
piece, 292 ; his sliding objective 
changer, 293 ; his iris-diaphragm, 297 ; 
his spectral ocular, 827 ; his apochro- 
matic objective, 866-374 ; his water- 
immersion, 370 ; his apochromatic, for 
resolving diatom markings, 692 ; his 
apochromatic for study of monads, 702 
Zeiss-Steinheil’s loups, 249, 268 
Zentmayer’s microscope, 204 ; swinging 
sub-stage in, 204 
Zeolite, 1096 

Zinc, chlor-iodide of, as a test, 516 
— cement, Cole’s, 446 ; Zeigler’s, 445 
Zoantharia, 877 
Zoea, 970 

Zonal structure in ci^stals, 1073 
Zoochlorellee of HeUozoa, 784 
Zoocytium of Ophrydium, chemical com- 
position of, 778 
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Zoogloea of Beggiatoa^ 658 
Zoogloeee, 666, 657 
Zoophytes, 862-883 

— cells for mounting, 448, 449 

— non-sexual reproduction of, 1006 
Zoophyte troughs, 348-850 
Zoosporange of Volvox^ 554, 665 
Zoosporanges of Phceosporece^ 626 
Zoospores, 636 ; of Frotococcua, 544, 545 ; 

of Pahnodictyony 669 ; of XJlvay 660 ; 
of VaucherUiy 562 ; of Achlya, 566 ; 
development of, 565 ; of Hydrodictymi, 
666; of ConfervacecBj 570; of CBdo- 
gonium, 672 ; of OhcBtc^horacecBy 674 ; 
of ColeochcBtacecBy 676; of PhceoaporecB, 
626; of Fungij 633; of radiolarians, 
849 

ZoOthamiurriy collecting, 627 


ZYM 

Zocixanthellae in radiolarians, 848 
Zodzygospores of Naviculay 697 
Zukal, on movement of Spirulhuiy 648 
ZygnemacecBy characters of, 549 ; habitats 
of, 549 ; conjugation of, 549 
Zygosis in ActinophrySy 740 ; of Amoebay 
744 ; of gregarines, 761 
Zygospore, 587; formation of, 640; of 
Hymodictyon, 565 ; in DeamidiaceeSy 
584, 585 

Zygospores of Palmogloeay 542 ; of Meao- 
carpuay 650 ; of apirogyray 560 ; of 
Pandorinay 657 *, of Vlvay 561 ; of 
Navicula, 597 ; of diatoms, 599 ; of 
Mucoriniy 641 

Zygote of Glenodiniurtiy 770 
Zymotic or fermentative action of Fungiy 
633 
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Inorganic Chemistry. 

By Sir Edward Frankland, K.C,B., D.C.L., LL.D,, F.R.S., and 
► Francis R. Japp, M.A., Ph.D., F.I.C., F.R.S., Professor of Chemistry in 
the University of Aberdeen. With numerous Engravings and Coloured Plate 
of Spectra. 8vo. 24s, 
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The Chemistry of the Terpenes. 

By F. Heusler, Ph.D., Bonn University. Translated and enlarged by 
F. J. Pond, Ph.D., Pennsylvania State College. 8vo. 17^. net. 

PHARMACEUTICAL JOURNAL.— T\\^ work should prove indispensable to those who 
desire to keep abreast of modern chemical researches on the essential oils.” 


The Analyst’s Laboratory Companion : 

A Collection of Tables and Data for Chemists and .Students. By At.fred 

E. Johnson, B.Sc. Lond., A.R.C.Sc.I., PM.C. Third Edition, enlarged. 

Crown 8vo. 6s. 6d. net. 

ANALVST . — “ This admirable and handy little volume contains all the tables usually required 
by analysts. Altogether, the book is of such a useful and time-saving nature that no busy analyst 
can afford to be without it.” 

JOURNAL OP STATE M EDICINE . — “ I'his is an exceedingly useful handbook, practically 
indispensable in every laboratory.” 


Researches on the Affinities of the Elements 
and on the Causes of the Chemical 
Similarity or Dissimilarity of Elements 
and Compounds. 

By Geoffrey Martin, B.Sc. Lond. With Illustrations and Tables. 
8vo. i6j. net. 

A Simple Method of Water Analysis. 

Especially designed for the Use of Medical Officers of Health. By John C. 
Thresh, M.D. Vic., D.Sc. Lond., D.P.II. Camb., Examiner in State 
Medicine, University of London, Medical Officer of Health for the County 
of Essex. Sixth Edition. Fcap. 8vo. 2s. 6d. net. 

BY THE SAME AUTHOR. 

The Examination of Waters and Water Supplies. 

With 19 Plates and ii Figures in the text. 8vo. 14.7. net. 


By John C. Thresh, M.D., and Arthur E. Porter, M.D., M.A. Camb., 
Medical Officer of Health, Borough and Rural District of Reigate, late Chief 
Sanitary Inspector, City of Leeds. 

Preservatives in Food and Food Examination. 

With ustradons. 8vo. 14^. net. 


Foods and their Adulteration. 

Origin, Manufacture, and Composition of Food Products ; Description of 
Common Adulterations, Food Standards, and National Food Laws and 
Regulations. By Harvey W. Wiley, M.D., Ph.D. With ii Coloured 
Plates and 86 other Illustrations. 2ijr. net. 


The Organic Analysis of Potable Waters. 

By J. A. Blair, M.B., C.M., D.Sc. Edin., L.R.C.P. Lond. Second 
Edition. Crown 8vo. 3^. 6d. 
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A Systematic Handbook of Volumetric Analysis; 

Or, the Quantitative Estimation of Chemical Substances by measure, applied 
to Liquids, Solids and Gases. Adapted to the requirements of Pure Chemical 
Research, Pathological Chemistry, Pharmacy, Metallurgy, Manufacturing 
Chemistry, Photography, &c., and for the Valuation of Substances used in 
Commerce, Agriculture, and the Arts. By Francis Sutton, F.I.C., 
F.C.S., Public Analyst for the County of Norfolk. Ninth Edition. With 
1 21 Engravings. 20^'. net. 

ANALYST. - “ Throughout, one is struck with the author’s remarkable powers of assimilation, 
processes of all kinds being described in their proper place, and in Mr. Sutton’s well-known terse and 
lucid style. The work has long been one of the most constant companions of analytical chemists of 
every class, and the new edition fully maintains the reputation of the authoi for excellence of work 
in every respect.” 


Commercial Organic Analysis. 

A Treatise on the Properties, Proximate Analytical Examinations, and Modes 
of Assaying the various Organic Chemicals and Products employed in the 
Arts, Manufactures, Medicines, &c. With Concise Methods for the Detec- 
tion and Determination of their Impurities, Adulterations, and Products of 
Decomposition. By Alfred H. Allen, F.I.C., F.C.S., Public Analyst 
for the West Riding of Yorkshire, <S:c. 

Vol. I. — Alcohols, Neutral Alcoholic Derivatives, &c.. Ethers, Vege- 
table Acids, Starch and its Isomers, Sugars, &c. Third Edition. 
With Illustrations. 8vo. i8j-. 

Vol. II. — Part I. Fixed Oils and Fats, Glycerin, Nitroglycerin, Dyna- 
mites and Smokeless Powders, Wool-Fats, D%ras, &c. With 
Illustrations. Third Edition. 8vo. 14J. 

Vol. II. — Part II. Hydrocarbons, Petroleum and Coal-Tar Products, 
Asphalt, Phenols and Creosotes. Third Edition. 8vo. 14^^. 

Vol. II. — Part III. Acid Derivatives of Phenols, Aromatic Acids, 
Essential Oils, Terpenes, Camphors, Balsams, Resins, &c. Third 
Edition, 8vo. aoj-. 

Vol. III. — Part I. Tannins, Dyes and Colouring Matters, Writing 
Inks. Third Edition. 8vo, iSy. 

Vol. III. — Part II. Amines and Ammonium Bases, Hydrazine and its 
Derivatives, Bases from Tar, Antipyretics, &c., Vegetable Alka- 
loids, Opium, Tea, Coffee, Cocoa, Kola, &c. Second Edition. 

8 VO. i8.f. 

Vol. III. — Part III. Vegetable Alkaloids (concluded), Non-Basic 
Vegetable Bitter Principles, Animal Bases, Animal Acids, Cyanogen 
and its Derivatives, &c. Second Edition. 8vo. i6^. 

Vol. IV., completing the work. — The Proteids and Albuminous Prin- 
ciples, Proteoids or Albuminoids. Second Edition. 8vo. i8y. 

CHEM 1ST AND DRUGGIST . — “ It is difficult to conceive of a book which could be more 
useful to chemists of all sorts than this.” 

LANCET. — “Mr. Allen has earned the thanks of all chemists, and of all who are interested in 
Chemistry for his valuable, clear, and accurate book.” 

“The work is a real advance in the science of Practical Chemistry, which does 
credit to its author in every respect.” 
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Manual of Chemical Technology. 

By Rudolf Wagner, Ph.D., Professor of Chemical Technology at the 
University of Wiirtzburg. Translated and Edited by Sir Wm. Crookes, 
F.R.S., from the Thirteenth Enlarged German Edition as remodelled by 
Dr. Ferdinand Fischer. Second English Edition. With 596 Engravings. 
Royal 8vo. 32J. 

Sections. 

Technology of Fuel —Metallurgy— Chemical Manufacturing Industry — The 
Organic Chemical Manufactures — Glass, Earthenware, Cement and Mortar- 
Articles of Food and Consumption — Chemical Technology of Fibres — Miscellaneous 
Organo-Chemical Arts and Manufactures. 


Chemical Technology : 

Or, Chemistry in its Application to Arts and Manufactures. Edited by 

Charles Edward Groves, F.R.S., William Thorp, B.Sc., and W. J. 

Dibdin, F.I.C. 

Vol. I. — Fuel and ns Applications. By E. J. Mills, D.Sc., 
F. R.S., and F. J. Rowan, C.E. With 7 Plates (2 Coloured) and 
606 Engravings. Royal 8vo. 30J. 

V'ol. II. — Lighting. Fats and Oils, by W. Y. Dent; Stearine 
Industry, by J. McArthur ; Candle Manufacture, l:)y L. Field 
and F. A. PTeld ; The Petroleum Industry and Lamps, by 
Boverion Redwood; Miners’ Safety Lamps, by B. Redwood 
and D. A. Louis. With 358 Engravings. Royal 8vo. 20s. 

Vol. III.— Gas Lighting. By Charles Hunt. With Two Plates 
and 292 Engravings. Royal 8vo. i8j^. 

Vol. IV.— Electric Lighting. By A. G. Cooke, M.A., A.M.I.E.E. 
Photometry. By W. J. Dibdin, F.I.C., F.C.S. With 10 
Plates and 181 Engravings. Royal 8vo. 20s. 


A Handbook of Physics and Chemistry, 

Adapted to the Requirements of the First Examination of the English Con- 
joint Medical Board, and for general use. By II. E. Corbin, B.Sc. Lond. ; 
and A. M. Stewart, B.Sc. Lond. Third Edition. With 164 Illustrations. 
Crown 8vo. 6 s. 6 d. net. 

UNIVERSITY CORRESPONDENT . — “ An excellent course of physics and chemistry. . . . 
We can strongly recommend it.” 

PRACTICAL TEACHER . — “ We are much pleased with the book, and we recommend it to 
the careful consideratiofi not only of the students above named (medical students), but also of the 
general student desirous of obtaining a good .sound elementary knowledge of the main principles of 
physics and chemistry without wading through separate manuals on the various branches of the two 
sciences.” 


A Treatise on Physics. 

Vol. I. Dynamics and Properties of Matter. By Andrew Gray, LL.D., 
F.R.S., Professor of Natural Philosophy in the University of Glasgow. With 
350 Illustrations. 8vo. 15^. 

The reader will find the book a storehouse of general information. . . . The book 
should be found in every physical library, and is sure to be frequently consulted.” 

A THENMUM.—^* A very comprehensive treatise on dynamics in the broadest sense of the 
word, including statics, hydrc^ynamics, elasticity, and capillarity, with discussions of measures and 
instruments. The treatment is very businesslike, and goes directly to the heart of the various matters 
considered. . . . Clear and trustworthy information is given, and intimate acquaintance is shown 
with the highest modem authorities.” 
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An Introduction to Physical Measurements. 

By Dr. F. KoHLRAUSCH. With Appendices on Absolute Electrical Measure- 
ment, &c. Translated from the Seventh German Edition by Thomas 
Hutchinson Waller, B.A., B.Sc., and Henry Richardson Procter, 
F.I.C., F.C.S. Third Edition. With 91 Engravings. 8vo. I2^. 


A Manual of Botany. 

ByJ. Reynolds Green, Sc.D., M.A., F.R.S., Professor of Botany to the 
Pharmaceutical Society. 2 vols. Crown 8vo. 

Vol. I.— Morphology and Anatomy. Third Edition. With 778 
Engravings. 75. (id. 

Vol, II. — Classification and Physiology. Second Edition. With 
466 Engravings. lor. 

NA TURK . — “ A book which no student ought to neglect.” 

UNIVERSITY CORRESPONDENT.—^^ Especially suited to the general student. . . . The 
illustrations are numerous and highly satisfactory.” 


An Introduction to Vegetable Physiology. 

ByJ. Reynolds Green, Sc.D., M.A., F.R.S., late Professor of Botany to 
the Pharmaceutical Society. Second Edition. With 184 Illustrations. 8vo. 
lOJ. (id. net. 

NATURE . — “ It is a matter for gratification that the task of providing such a treatise should 
have fallen into such good hands as those of Professor Green, by whom, as might have been expected, 
•the subject-matter has been skilfully handled and admirably illustrated. By wisely avoiding exces- 
‘‘ive detail, and by duly emphasising from different points of view the various matters of special im- 
portance, _ the author has succeeded in producing a really excellent student’s book, whilst the general 
reader will find the principal topics of current physiological interest presented in a lucid and interest- 
ing manner.’' 

JOURNAL OF BOTANY.-^* This book will be heartily welcomed by botanists. ... The 
method adopted is excellent.” 


Plant Anatomy and Handbook of Micro-Technic, 
from the Standpoint of the Develop- 
ment and Functions of the Tissues. 

By WiLi-iAM Chase Stevens, Professor of Botany in the University of 
Kansas. With 136 Illustrations. 8vo. ioj. 6 d, net, 

THE NATURALIST . — “The clear type, and numerous excellent figures in this book pro- 
duce a good impression at first glance, and a close examination serves to strengthen rather tnan 
diminish it. ... It is one of the best treatises we have seen for a long time, and both teacher ana 
student will find it a useful book.” 


The Microscope and its Revelations. 

By William B. Carpenter, C.B., M.D., LL.D., F.R.S. Edited by 
Rev. W. H. Dallinger, LL.D., F.R.S. Eighth Edition. With 23 Plates 
and more than 800 Figures in the Text. 8vo. cloth, 28 j. ; half-calf, 32J. 

The work is also issued in two volumes, sold separately : — 

Vol. I.— The Microscope and its Accessories. Cloth, 141. 

Vol. II.— The Microscope: its Revelations. Cloth, 14X. . 

KNOWLEDGE . — “ The present volume gives a clear exposition of knowledge and theory re- 
garding the microscope ; and although much of the text is to be found m the former edition, there 
are many new and rewritten portions which add to the value and lucidity of the book. It is well 
printed, the illustrations are carefully prepared and well displayed, and the book is one that will be 
found invaluable as a text-book to all microscopists.” 
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The Student’s Guide to Systematic Botany, 

Including the Classification of Plants and Descriptive Botany. By Robert 
Bentley, F.L.S. , M.R.C.S., late Emeritus Professor of Botany in King’s 
College, and lo the Pharmaceutical Society. With 357 Engravings. Fcp. 
8vo. 3J. 6 ^ 7 . 


The Microtomist’s Vade-Mecum ; 

A Handbook of the Methods of Microscopic Anatomy. By Arthur Bolles 
Lee. Sixth Edition. 8vo. 15 L net. 

BRITISH MEDICAL JOURNAL ^. — “Indispensable to all laboratories where normal and 
morbid tissues ate examined microscopically.” 

LANCET , — “ It gives the most recent information, precise directions, and the most approved 
modes. The author has tried everything, and gives the reader the benefit of his large experience.” 


Guide to the Science of Photo-Micrography. 

By Edward C. Bousfield, L.R.C.P. Lond. Second Edition. With 34 
Engravings and Glass-print Frontispiece. 8vo. 6 s. 

BRITISH M EDICAL JOURNAL.- “The book is of a thoroughly practical character, ancP 
abounds in details necessary for the work.” 

BRITISH JOURNAL OF PHOTOGRAPHY.—'^ C^nh^ strongly recommended to all who 
purpo.se devoting themselves to this department of photography.” 


Methods and Formulae used in the Prepara- 
tion of Animal and Vegetable Tissues 
for Microscopical Examination, includ- 
ing the Stain of Bacteria. 

By Peter Wyatt Squire, F.L.S., F.C.S. Crown 8vo. 3.^'. 6d. 


The Microscopical Examination of Poods and 
Drugs. 

A Practical Introduction to the Methods adopted in the Microscopical Exami- 
nation of Foods and Drugs in the Entire, Crushed, and Powdered States. 
Designed for the use of Analysts, Pharmacists, and Students training for those 
Professions. By Henry G. Greenish, F.I.C., F.L.S., Professor of 
Pharmaceutics to the Pharmaceutical Society of Great Britain, Author of 
“An Introduction to the Study of Materia Medica.” With 168 Illustrations, 
lo^. 6d. net. 

PHARMACEUTICAL JOURNAL.—" Tht. work is as well-planned and practical as it is 
unique ; no pharmacist, pharmaceutical student, or public analyst can afford to be without it^ and 
the author i^ cordially congratulated upon the completion of a difficult and praiseworthy enterprise.” 

JOURNAL, OF STATE MEDICINE. -“This is an excellent work, well illustrated and up 
to date, and should prove of real value to the professional analyst in his daily work,” 

BY THE SAME AUTHOR AND EUGENE COLLIN. 

An Anatomical Atlas of Vegetable Powders, 

Designed a.s an Aid to the Microscopic Analysis of Powdered Foods and 
Drugs. With 138 Illustrations. I2r. 6rf. net. 
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A Guide to the Microscopical Examination of 
Drinking Water. With an Appendix on the 

Microscopical Examination of Air. 

By Sir John D. Macdonald, M.D., F.K.S., Ex-Professor of Naval Hygiene^ 
Army Medical School. Second hidition. With 25 Lithograpliic Plates, con- 
. taining many Figures. 8vo. ^s. ()d. 


Quarterly Journal of Microscopical Science. 

Edited by Professor Sir E. Ray Lankester, K.C. B., M.A., LL.D., F.R.S., 
with the Co-operation of Adam Sedgwick, M.A., F.R.S., Sydney J. 
Hickson, M. A., F.R.S., and E. A. Minchin, M.A. Published occasionally, 
loj. net. Back Numbers still in print, loy. net each. 


Manual of Hygiene. 

By W. H. Hamer, M.D., D.P.H., F.R.C.P., Lecturer’on Public Health, 
St. Bartholomew’s Hospital, Assistant Medical Officer of Health of the 
Administrative County of London. With 93 Illustrations. I2s. 6d. net. 

JOURNAL^ OL STATE MEDICINE . — “This is a well-written manual, which leaves un- 
touched no .subject of any importance in connection with hygiene. The book is illustrated, and the 
type used is clear. Dr. Hamer knows what the candidate for a Public Health Diploma requires, and 
has succeeded in producing a work which can be strongly recommended to the attention of all who 
are in any cap.acity interested in the administration of Public Health aflRiirs.” 


A Handbook of Hygiene and Sanitary Science. 

By Geo. Wilson, M.A., M.D., LL.D., D.P.H. Camb., Medical Officer of 
Health for Mid -Warwickshire. Eighth Edition. With Engravings. 125. 6 t/. 


The Theory & Practice of Hygiene. (Notter and firth.) 

By Lieut-Col. R. II. Firth, F.R.C.S., R.A.M.C., Officer in Charge of the 
School of Army Sanitation, Aldershot, late Professor of Hygiene in the Royal 
Army Medical College. Third Edition. With 22 Plates and 193 other Illustra- 
tion.s. Royal 8vo. 2ij-. net. 

PUBLIC HEALT!I,~-*‘ The best text-book of Hygiene in the English language. . . . The 
arrangement of the book is excellent, and, full as it is of matter, the matter has been so put as to be 
easily grasped .ind assimilated.” ^ 

T/MES.~'‘ An encyclopaedic treatise. . . . Cannot fail to take rank as the chief authority upon 
most of the questions with which it deals.” 

BY THE SAME AUTHOR. 

Military Hygiene. 

A Manual of Sanitation for Soldiers. With 40 Illustrations. Crown 8vo. 
3^. 6d, net. 

Lessons on Elementary Hygiene and Sanita- 
tion, with special reference to the 
Tropics. 

By W. T. Prout, C.M.G., M.B., C.M.(Edin.), Hon. Lecturer School of 
Tropical Medicine, Liverpool ; late Principal Medical Officer, Sierra Leone ; 
Member of Legislative Council ; Medical Officer of Health, City of Freetown^ 
&:c. With 60 Illustrations. 8vo. 2s. 6d. net. 
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A Treatise on Hygiene and Public Health. 

By Sir Thomas Stevenson, M.D., F.R.C.P.. Lecturer on Chemistry and on 
Medical Jurisprudence at Guy’s Hospital, Official Analyst to the Home Office ; 
and Sir Shirley F. Murphy, Medical Officer of Health of the Administrative 
County of London (Editors;. In Three Volumes. Royal 8vo. With many 
Engravings, Maps, Plates, &c. 

Vol. I. — Air, by Dr. J. L. Notter. Warming and Ventilation, by W. N. 
Shaw, F.R.S. Meteorology, by G. J. Symons, F.R.S. Influence 
of Climate on Health, by Dr. Theodore Williams. Water, by Sir T. 
Stevenson. Influence of Soil on Health, by Dr. Monckton Copeman. 
Food, by Dr. Sidney Martin. Inspection of Meat, by Dr. E. W. 
Hope. Clothing, by Dr. Poore. Physical Education, by Sir F. 
Treves, Bart., K.C.V.O. Baths, by Dr. Hale White. The Dwell- 
ing, by Gordon Smith, F.R.I.B.A., and Keith D. Young, F.R.I.B.A. 
Hospital Hygiene, by Sir H. G. Howse, M.S. The Disposal of 
Refuse, by Dr. Corfield and Dr. L. Parkes. Offensive and Noxious 
Businesses, by Dr. Hime. Slaughter-Houses, by Dr. E. W. Hope. 
With 9 Plates and i86 Engravings. Royal 8vo. 2 Ss. 

Vol. II. — The Pathology and Etiology of Infectious Diseases, by Dr. E. 
Klein, P'.R.S. The Natural History and Prevention of Infectious 
Diseases, by T. W. Thompson. Vaccination, by Dr. McVail. 
Marine Hygiene, by Dr. H. E. Armstrong. Military Hygiene, by 
Dr. J. L. Notter. Disposal of the Dead, by Sir T. Spencer Wells, 
Bart,, and F. W. Lowndes, M.R.C.S. Vital Statistics, by Dr. 
Ransome. Duties of the Medical Officer of Health, by Dr. Alfred 
Ashby. With 45 Plates and 54 Engravings. Royal 8vo. 32J. 

Vol. HI. — The Law relating to the Public Health in England and 
Wales, Scotland and Ireland. Royal 8vo. 20s, 

Each of the articles in Vol. HI. is by a gentleman of recognised legal 
ability, officially engaged in the administration of the law of that part of the 
United Kingdom to which his article relates, though for departmental reasons 
the names of the writers do not appear. 


Subjective Sensations of Sight and Sound, 
Abiotrophy, and other Lectures. 

By Sir Wm. R. Gowers, M.D,, F.R.C.P., F.R.S., Physician to the National 
Hospital for the Paralysed and Epileptic. With Illustrations. 6i. net. 


Diet and Food, 

Considered in Relation to Strength and Power of Endurance, Training and 
Athletics. By Alexander Haig, M.A., M.D., F.R.C.P., Physician 
to the Metropolitan Hospital and the Royal Hospital for Children and 
Women. Sixth Edition, Crown 8vo. 2s. net. 


Alcohol Tables, 

Giving for all Specific Gravities, from i *0000 to 07938, the Percentages of 
Absolute Alcohol, by Weight and by Volume, and of Proof Spirit. By Otto 
HkhnEr, F.C.S., Public Analyst for the Isle of Wight and the Boroughs of 
Derby an.d Ryde. Royal 8vo. 31. 6 d. 
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Butter, its Analysis and Adulterations. 

Specially treating of the Detection and Determination of Foreign Fats. By 
Otto Hkhner, F.C.S., and Arthur Angell, F.R.M.S., Public Analyst 
to the County of Southampton. Second Edition. With Engravings. Post 
8vo. 33*. 6^/. 


A Text- Book of Bacteriology. 

By G. M. Sternherg, M.D., LL.D., Surgeon-General U.S. Army. Second 
Edition. Illustrated by 9 llcliotype and Chromo-lithographic Plates and 19^ 
Engravings in the Text. 8vo. 26 r. 

PRACTITIONER.— '''' Yj'cv^od.\^% all recent progress. ... It is well illustrated with several 
coloured plates and reproductions of photographs.” 

EDINBURGH MEDICAL JOURNAL.~~"‘'Y\\s. author has spared no pains to bring it 
thoroughlv up to date, and to tender it a thoroughly reliable guide to the student and practitioner of 
medicine.’ 


A Manual of Bacteriology. 

Clinical and Applied By Richard T. Hewlett, M.D., F.R.C.P., D.P.H., 
Professor of General Pathology and Bacteriology in King’s College, London. 
Tliiid Edition. With 24 Plates and 72 Illustrations in the Text. Post 8vo. 
lOL 6^/. net. 

PRACTITIONER. — “We have read the book with great interest throughout, and have found 
the style so concise and clear that the task of reading is rendered a pleasant one. . . . Very careful in 
deductions and accurate in descriptions.” 

LANCET. — “ Of great value to the student. An accurate and safe guide.” 

BRITISH MEDIC A L JOURNAL.—" .An eminently practical volume of the highest value in 
the laboratoiy.” 

TIMES --“Clearly written . . abundantly illustrated.” 


An Introduction to the Bacteriological Exami- 
nation of Water. 

By W. IT. Horrocks, TvI.B., B.Sc. Lond., Assistant Professoi of Military 

Hygiene in the Staff Medical College ; Major, Royal Army Medical Corps. 

With five Lithographic Plates. 8vo. lOi-. 

LANC ET.— “ Dr. Horrocks ha-, made a veiy valu.able contribution to our knowledge, not only of 
water bacteiia in general, but also kS pathogenic bacteria winch gain access to water supplies in 
particular. His views as to the most efficient methods of conducting the bacteriological examination 
of water are based on practical researches ” 


A Manual of Dental Anatomy, Human and 
Comparative. 

By Charles S. Tomes, F.R.S. Sixth Edition. With 286 Engravings. 
I2s, net. 
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The Labyrinth of Animals, including Mammals, 
Birds, Reptiles, and Amphibians. 

By Albert A. Gray, M,D. (Glas.), F.R.S.E. , Surgeon for Diseases of the 
Ear to the Victoria Infirmary, Glasgow. Vol. I. With 31 Stereoscopic 
Plates. 21^. net (including Stereoscope). Vol. II. With 45 Stereoscopic 
Plates. 2 ^s. net. 


The Comparative Anatomy of the Domesticated 
Animals. 

By A. Chauveau, M.D., LL.D., Inspector-General of Veterinary Schools 
in France ; Professor at the Museum of Natural History, Paris ; and 
S. Arloing, Director of the Lyons Veterinary School ; Translated and Edited 
by George Fleming, late Principal Veterinary Surgeon to the British 
Army. Second Edition. With 585 Engravings. 8vo. 315’. 6^f. 


The Cell as the Unit of Life, 

And other Lectures delivered at the Royal Institution, London, 1899-1902. 
An Introduction to Biology* By Allan Macfadyen, M.D., B.Sc., 

Fullerian Professor of Physiology, Royal Institution, London, and Head of 
the Bacteriological Department, Lister Institute of Preventive Medicine, 
London. Edited by R. Tanner Hewlkti, M.D., F.R.C.P., Ihofessor of 
General Pathology and Bacteriology, King s College, London. With I’ortrait 
of the Author, and other Illustrations. 8vo. ys. 6^. net. 

JOURNAL OP' PI VGI E N E. “The Lectures are well worth reading.” 

WESTMI NSTER GAZETTE . — “ In the volume under notice the reader will find a lucid 
-description of the structure and working of the cell, couched in a form which may be readily com- 
prehended of the general. The descriptions of the production of antitovins is very interesting.” 

GLASGOW HERALD . — “ As an introduction to the study of biology nothing better could be 
desired.” 


The Functional Inertia of Living Matter. 

A Contribution to the Physiological Theory of Life. By D. Fraser Harris, 
M.D., C.M., B.Sc.Lond., F.K.S.F., Lecturer on Physiology and Normal 
Histology in the University of St. Andrews. With 12 Illustrations. 8vo. 
5f. net. 

THE SCOTSMAN — “The book reveals a vast deal of elaborate and painstaking research and 
experiment. . . . It is bound to attract the attention of all up-to-date biologists.” 


Contributions to the Knowledge of Rhabdo- 
pleura and Amphioxus. 

By Professor Sir E. Ray Lankesler, K.C.B., M.A., LL.D., P'.R.S., late 
Linacre Professor of Human and Comparative Anatomy in the University of 
Oxford. With 10 Plates. Royal 410. $s. net. 


Practical Lessons in Elementary Biology, 

P'or Junior Students. By Peyton T. B. Beale, F.R.C.S. , Demonstrator of 
Physiology and Lecturer on Elementary Biology in King’s College, London, 
and Assistant Surgeon to the Plospital. Crown 8vo. 3^. 6 d. 
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A Contribution to the History of the Respiration 
of Man, 

Being the Croonian Lectures delivered before the Royal College of Physicians 
in 1895, vSupplementary Considerations of the Methods of Inquiry and 
Analytical Results. By William Marcet, M.D., F.R.C.P., F.R.S. With 
Diagrams. Imp. 8vo. 5^. (yd. 


The Chemistry and Physics of Dyeing. 

By W. P. D REAPER, F.I.C., F.C.S. With Illustrations. 8vo. loj. (id. net. 
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